
SECTION t.-GENERAL SURVEY OF THE ANIMAL PLANKTON
(ZOOPLANKTON)

Few living zoologists have been as fortunately placed as were we on setting
sail on the Grampus from Gloucester on our first oceanographic cruise in the Gulf of
Maine on July 9, 1912, for a veritable mare incognitum lay before us, so far as its
floating life was concerned, though the bottom fauna can be described as compara
tively well known. Not but what an extensive list of pelagic crustaceans, ccelenter
ates, and other planktonic animals had been recorded thence, but everything was
yet to be learned as to what groups or species would prove predominant in the
pelagic fauna; their relative importance in the natural economy of the Gulf; their
geographic and bathymetric variations; their seasonal successions, migrations, and
annual fluctuations; their temperature affinities, whether arctic, boreal, or tropic;
and whether they were oceanic or creatures of the coastal zone. We even had no
idea (incredible though it· may seem at this place and day) what we should prob
ably catch when we first lowered our tow nets into deeper strata of Massachusetts
Bay, for, so far as we could learn, tows had never previously. been tried more than
a few fathoms below its surface. Nor did we at first realize, when the catch was
examined in our floating laboratory, that the little reddish copepods (Calanus)
darting to and fro in the glass dish, with afew large Sagittre (8. elega,ns) and young
euphausiidsamong them, would prove the backbone of the local planktonic fauna.
Such, however, has proved to be the case; for station after station, cruise after
cruise, year after year, have yielded cumulative evidence that (taken by and large)
the calanoid eopepods are its predominant members at all seasons, except where
deposed from the leading rflle by the local or temporary swarming of some other
and usually larger animal. Our first summer's cruise was enough to show that
Calanus jinmarchicus (large amongcopepods but small if judged by more familiar
standards) is the most important member of the plankton of the Gulf of Maine, if
bulk and numbers both be taken into account,and that it plays much the same
role there thatit does in North European waters (Bigelow,1914, p. 99). '

Calanus,as "red feed" or "cayenne," is welllmown to the local fishermen,
who are quite aware of its importance as food for fishes.' Side by side with Calanus
we have everywhere found its relative, Pseudocalanus elongatus (p. 275); buteven
where the latter outnumbers the former, as sometimes happens, it adds but little to
the bulk of the catch, so tiny is it. We have so constantly found the copepod
Metridia Iucens (p. 253), the chretognath, or "glassworm.," Sagitta elegans (p;308),
the amphipod genus Euthemisto (p. 156), the euphausiid genera Thysanoessa (several
species, p. 133) and Meganyctiphanes (p. 147), the pteropod Limacina reirooersa
(p. 116), the ctenophore Pleurobrachia. pileus (p. 365), and (in deep water) the larger
copepod Euchreta (p. 230), associated with Calanus, that all these together may be
spoken of as the" Calanus community" (figs. 10 and 11), a community that domi
nates the animal plankton from the Grand Banks on the north to Cape Cod (in
winter even to Chesapeake Bay) on the south, and from the coast line, on the one
hand, out to the continental slope, on the other.

• See page 188 for a further account of this copepod.
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Although copepods usually dominate, the other boreal animals just mentioned
are so nearly universal in the Gulf in summer that the planktonic community is.then
surprisingly uniform qualitatively, with the list of prevalent species varying hardly
at all from station to station over its inner parts, as is illustrated by the two fol
lowing tables of catches made north of the Cape Cod-Cape Sable line during the
summers of 1913 and 1914, seasons that may serve as representative because the
plankton of the upper water layers was of the same general type during the sum
mers of 1912, 1915, and 1916, as I have pointed out eleswhere (Bigelow, 1917
and 1922).

Occurrence of representative species in the Gulf of Maine, August, 1913

-
Stations Per cent

Species
of

~I~ !§I s S
stations

~ ~ ~ ~ ~ ~ ~ I ~ ~ ~
8

~ !a for each
~ ~ S S S species- ---

~alanus tlnmarchlcus ••••••.••••• X X X X X X X X X X X X X X X X X X X 100
:r.fCf<;!0ra'anus elongatus ••• m ••• (1) X X X X m. X ·X· X X X X X X X X X ·X· X 80
A e rid a lucens •• __ ••••••••• __ ••• X X X X X •••• X ·X· X X X X X X X X X . 80
Eno~alocera pattersonl, •••• n ••• X X X X X X X X X X X X X X X 80
MUC IIltanorvegien............... X X X X X X X X X X X X ·X· X 70
T~ganYctlphanes ncrvegiea...... X •••• X X X X X X 40
E l~anoessa Inermls 1__.......... ·X· X ·X· "X" ·X· X X X ·X· X X X ·X· ·X· ·X· ·X· ·X· 90EUthemlsto comEressa....... n ••

FIU emlsto blsp nosa............ X X X X X X X X ·X· ·X· X ·X· 50
L'Yp~OChe kroYerl............... X X X ·X· ·X· ·X· ·X· 'X' ·X· X ·X· ·X· ·X· 40
Tim na retroversa.............. X X X ·X· X X X X 80
s~:oPteris catharlna........... X X ·X· X ••.• X X X X ·X· X X X ·X· X ·X· ·X· 60
Phi ~~elegans .. m •••••• m ..... X X X X X X X X X X X X X X 100
PI a bum languldum.......__ •• X X X X •••• X X X X X X X X X X 80

euro rachla pileus ............. X X X ••••1.00
• X X X X X X X 50-

It ,,/ Data for Th. lnerml3 are not aval1able for 1913; it can, however, be assumed to OCOur In at least 80 per cent of the cases, slnoe
as taken at 14 of our 18 midsummer stations In 1914.

Occurrence of representative species north of Georges and Browns Banks, July and August, 1914

=
July August

Species
co ....

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
co ....

~ ~~ ~ ~ ~----- ... ... ...
- - - - - - - - - - - - - - - -

~~~d~~nmarchlous.... m ... • ••m.··....m'm.' X X X X X X X X X X X X X X X X X
11etrldlc lanus elongatus••••• __ ...... m •••• m ...... X X X X X X X X X X X X X X X X X
Anomala ucens...............__ .................... X X X X X X X X X X X X X X X
EuchootOcerapattersonl,............................. ·X· ·X· ·X· X X X ·X· X w ... ~ X ---- 'X'Meganya yorveglca ...........................-- ••". ·X· X X X X ....... - -- ..- X .- ..-
ThYsan;t pljanes norveglen..........__ ............. X X X ·X· ·X· X ·X· X X ·X· X X ---- X
ThYsan essa Inermls.........................__ ...... X X X 'X' X X X X X X ·X· X
EUthomlessa longlcaudata........................... ·X· ·X· X X X X ·X· X X X X X X
EUthemls~o ~omEressa.... m ••••••• __ .--••••• m .... X X X X X X X X X X X X X X
L1maclns 0 Isp nosa, __ •__ .......................... ·X· X X X X X X X X X ·X· X X -- ....--.... X X
'1'omopta fetroversa.n .......__ ••·______ ............. ·X· X X X X X X X X --_ .. ........ X ........
Sagitta ei~ sl\catharlna••• __ •__..... m ..... n ........ X X ·X· ·X· ·X· ·X· X X X X X X ·X· ·X· X ·X·Sagitta s g us........................... __ •••••••••• X X X X X X X X X X
~atodentata................... __ •••••••••• X X X X X X X X X X X ...... - X _.._.. _ .. _oo

wa NotWithstanding the qualitative uniformity of the animal plankton of .the
ters of the Gulf of Maine in summer, the actual aspect of the catches of the tow

n.;t~o:ten differs markedly from station to station, according to the relative abundance6~. eir several components and especially of the copepods. As a rule these. (chiefly
a anus, Pseudocalanus, and Metridia, with Euchretain the deepest layers of
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water) are the dominant factor, and it occasionally happens that they practically
monopolize the water locally. Such, for instance, was the case in the Eastern Basin
onAugust 13, 1914 (station 10249), when the net from 50 meters captured only 3
01'4 Sagittre,2 pteropods (Limacina), 3 or 4 larval rosefish (Sebastes), a few small
medusre (Phialidium), 51 euphausiid shrimps, and an odd Euchreta, among millions
of Calanus (3 to 4 liters,by measure; no other copepods were detected in sample
examined by Doctor Esterly). Near Mount Desert Rock, too, on the same day
(station 10248), a cursory examination of about 3 quarts of copepods, among which
Calanus, Metridia, and Euchreta were represented in the proportion of about 30,
5, and 2, revealed only a few Pseudocalanus, 21 Thysanoessa longicaudata, odd
amphipods (Euthemisto), 24 Meganyctiphanes, 7 Thysanmssa inermis,6 or 8 ptero
pods (Limacina), 1 worm (Tomopteris), a few Sagittre, 1 Pleurobrachia, and frag
ments of the ctenophore Beroe,

Similarly, the only other animals detected in a preliminary examination of the
2 to 3 quarts of copepods 6 captured in the 60-0 meter haul on the eastern part of
Georges Bank, on July 23 of that same year (station 10224), were 89 euphausiid
shrimps (Thysanmssa inermis) , a few amphipods (Euthemisto), half a dozen young
fish, and one caprellid, the latter being an accidental straggler from the bottom.

The most notable shoal of Calanus we have encountered was off Cape Cod on
July 22, 1916 (station 10344), where a 15-minute haul with a net 1 meter in diameter
captured 6 quarts at 40-0 meters, together with many thousands of silver-hake larvee
(Merluccius), but nothing else except a few small Sagitta elegans, an odd pteropod
(Limacina), and an occasional larval crab and euphausiid, though the deeper waters, as
exemplified by a haul at 90-0 meters, supported comparatively few copepods but many
Sagittre. We have found Calanus (with its relatives, Pseudocalanus and Metridia)
hardly less dominant at enough other localities 6 to prove that it is a common event
for these copepods to monopolize the plankton of any part of the Gulf in summer. As
a rule, however, the animal plankton is more diversified at all levels by the hyperiid
amphipods, euphausiids of several species, pteropods (Limacina), Sagittre, etc., men
tioned above, even though copepods may dominate the planktonic community as a
whole (figs. 10, 11, and 12). Some of these other groups may be a major element in
the plankton locally. For instance, the chretognaths (Sagitta eZegans) often rival the
copepods in bulk (if not in actual numbers) at the mouth of Massachusetts Bay and
in the Isles of Shoals regions; indeed, our second towing station, 12 miles or so off
Cape Ann (10002), yielded a swarm of these arrow worms on July 10, 1912 (Bigelow,
1914, p. 100), and we have encountered similar swarms of Sagittre at other localities
since then (fig. 13).

An abundance of the large pelagic shrimps Meganyctiphanes (fig. 14) and Thy
sancessa is regularly characteristic of the deep northeastern corner of the Gulf
throughout the year and of the Eastport-St. Andrews region in summer (p. 134),
while various larval forms (crustaceans, especially) are extremely numerous locally
near shore in their appropriate seasons, as noted elsewhere (p, 31). As other instances
of the swarming of one characteristic boreal animal or another we may add that the

I Sample examined by Doctor Esterly was nearly pure Oala1lu8 fi.nmarchlcUB•
• Notably off Gloucester on Aug. 0, 1013 (station 10087); In the Western Basin on July 15, 1012 (station 10007); near Platts

Bank on Aug; 10,1913(station 10089); off tbeslope or Oerman Bank on Aug,12,1013 (station 10005); northeast or Mount Desert Rock
on Aug. 13,1013 (station 10100); and off Cape Elizabeth OD Aug. 15, 1013 (station 10104).
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surface waters were alive "with young amphipods (Euthemisto)as well as with young
stages of Oalanus finmarchicus, in the proportion' of about one of the ' former to
fOur of the latter" (fig. 15), off Penobscot 'Bay and off Mount Desert Island-on
August H, 1913 (Bigelow, 1915, p. 274, stations 10091 and 10092); that older Euthe
tnisto (fig. 16) were plentiful (though not rivaling the copepods) off Cape Ann and.in
the western basin on August 31, 1915 (stations 10306 and 10307), and at severalsta
tions along the-outer edge of the offshore banks (p.156) j that the pteropod Limacina
retroversa (fig. 17), which, as a rule, is but sparsely represented in our tow nettings,
Swarmed off Penobscot Bay on August Hand 14, 1913 (stations 10091 and 10101);
that'fragments of a siphonophore (Stephanomia) formed fully half the catch of the
40"meter haul off Cape Cod on July 8 of that same year (station 10058); and that the
ctenophore Pleurobrachia pileus often fills the water to the exclusion of almost eve,ry-
thing else in the neighborhood of German Bank (fig. 18). ' ",'

In summer and early autumn the large medusreCyanea,Aurelia, and Stauro
phoraoften gather in vast numbers in narrow lanes or windrows, though, usually for
brief periods (p.362), and at this same season the hydroid medusa Phialidiumlan~
fluidum is often so abundant on the surface that it fills the townet·tothe brim
(P.350). Young fish, too, sometimes occur in numbers sufficienttoloom-large in the
total catch, notable instances of which have been the swarming of young silver hake
off Cape Cod; mentioned above (p. 18); likewise of .youngreseflsh (Sebastes), near
Cape Elizabeth on July 19; 1912 (station 10019), when several hundreds 'were taken
(Bigelow,1914, p. 10l), off Massachusetts Bay on August 9, 1913 (station 10087),
and near Cashes Ledge, September 1, 1915 (station ,10308).Occasionally<wehf,tve
encountered i notable quantities of fish 'eggs, particularly of squirrel hake (Urophycis
Ch~88), in Ipswich Bay, July 16,1912 (station10008)jof silver hake (Merluceiua)
near Monhegan Island and off Mount Desert, on August. 4 and 18, 1915 (stations
10303 'and 10305);of cunners' (Tautogolabrus) at :many localities Alongshore in sum":
In:er, especially in Massachusetts Bay 7 (station 10340..,.10343); and, of haddock .over
theirspltwninggl'ounds on Georges Bank during the early spring (fig. .19). . .

In summer, generally speaking.. copepods are relatively, most .abundant in .the
Western side of -the gulf, less so in 'the eastern, the result being that, in spite .of:the
qUalitative uniformity of the tow nettings from station .to station.. thei:u .general
~P?ct, is usually most monotonous ofl'ithe' coasts of Msesachusetts and southern

aUieandout thence to the western basin, and most diversified in the central parts
Oithe 'gulf and in its deep eastern trough; The only notable exception to the mid
~UlllIner dominanc~ of calanoids~nywhere in the ope~ gulf no:thof itsoffs~ore
t;nks (local swarmmgs of other animalsjsuch as those [ustmentioned.iseldomrival
lllecopepods in actual abundance,whether measured by bulk-or by numbers) is the
',eu.robrachia swarm of the German Bank region, which I have already described
~' the several preliminary reports on our cruises (Bigelow, 1914, 1915"and 1917).
. lIlce we have found this ctenophore in abundance ,at that same general localitydur
~~~, t,he successive Augusts of 1912,·1913,and 1914,andagain on September.S, 1915,

lS IS eV'idently a regular phenomenon of summer. ,Having occasion to recur to it in
~hapter' (p. 365), Ineed add·here' only ,that 'Pleurobrachia',large'and.small,

th!e:~e ledges oft Cohasset, are 'Bvaryproduotlve nursery for this fish, Judging .fromthequantities ofItseggS that are to be found
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were so abundant on these occasions that every haul yielded quarts of them, and that
they fish through the water so thoroughly with their trailing tentacles that a .great
scarcity of all smaller pelagic animals regularly characterizes this part of the gulf
in summer. In fact, a more striking contrast would be far to seek than between the
masses of these glassy sea marbles, which have filled our nets there, and the abundant
crustacean plankton of the deeper basin a few miles to the westward.

Although spring, not midsummer, is the chief season of reproduction in the
Gulf of MaineIp. 41), certainof the planktonic groups of animals breed in sufficient
numbers therein July or August for their larvee to loom large in the summer plankton.
This is true of the euphausiids, for we have found their larval stages common, in
Provincetown Harbor on July 20, 1916 (station 10343); on the surface off northern
Cape Cod, August 28,1914, in company with large Calanus (station 10264; Bigelow,
1917, p. 283). Young euphausiids were also abundantly represented in the. hori
zontal haul at 40-0 meters on August 31, 1915 (station 10306), but so closely re
stricted to the upper stratum that a haul from 110-0 meters brought back very few
among a half liter or so of calanoid copepods. Euthemisto is likewise produced in
great numbers well within the gulf in August--witness rich hauls of the newly
hatched larvee off Penobscot Bay on August 11, 1913 (station 10092), and in the
western basin two summers later (p. 160). Copepods, too, breed throughout the sum
mer, as noted below (p. 46) I and in sufficient numbers for their young stages to char
acterize the plankton locally. Most of the medusee spawn during the late summer or
early autumn (pp. 358, 364). We may also point out, what is discussed at some
length below,that larvee of coastwise origin and of the most diverse natures are
likewise produced during the warm season, though few of them color the aspect of
the plankton more than a few miles out from the land (p, 32).

Ina later section the seasonal plankton cycle is discussed in some detail (p. 37);
however, it may clarify the account to note here that very little change takes place
in the general composition of the Calanus community during the period (July to
August) covered by our midsummer cruises, except for the disappearance of the
earlier and the appearance of the later maturing species of medusee (p. 46). For
example, the only notable change during the interval between hauls made at the same
location off Cape Cod on July 8 (station 10057) and again on August 5 (station 10086)
in 1913 was that Staurophora, Stephanomia, and Beroe, which were prominent in
the tow on the first occasion, were no longer to be found on the second, the lists be
ing practically identical otherwise." Three years later we found Oalanus and its
companion copepods as overwhelmingly predominant in the upper 40 meters or so
off Cape Cod on August 29 (station 10398), among such boreal animals asPleuro
brachia, Aglantha, Sagitta elegans, Euthemisto compressa, and larval euphausiids,as
we had five weeks previous (station 10344, July 22) in the corresponding stratum of
water n few miles to the south. One very notable event does take place during the
summer, however; that is, the entrance of Sagitta serratodentata into the gulf and
its westward dispersal there, which are described in a later chapter (p. 322).

The foregoing remarks have reference chiefly to the inner waters of the gulf
that is,. north of the offshore banks that form its southern rim-but the same ele
ments unite to form the general planktonic assemblage over all but the outermost

• A typical Calanus community with Sagitta elegans, Euthemlsto, a few eupbausllds, and Llmaelna,
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slope of the latter. Thus,a typical Calanus community, with Clione, Limacina,
and the-other boreal forms characteristic of the inner parts of the Gulf, occupied the
'Wate:r:s over Nantucket Shoals on July 14,1908 (Bigelow,1909,p.201),and at the
same time ofyear in 1913, when we found no decided change in the boreal character
of the plankton (Calanus predominating) until we had sailed westward nearly to
N'ewYork (Bigelow, 1915, p. 269). During the summer of 1914 we again found Cal
~nus,with its usual companions, predominant over' the greater part of Georges Bank
J.n.July, and across' the mid-zone of the continental shelf. abreast of Marthas Vine
yard in August; also in August, 1915; and from Cape Cod out to thecontinental
slope in July,1916. But although Oalanus is as universal over the offshore banks as
within the gulf, it does not dominate the plankton so constantly there. Thus we
found Sagitta elegansas important, faunally, as were'the copepods over the central
part of Georges Bank during our summer cruise of 1914, and swarming both over the
northeast corner of' the bank on July 23 (station 10224°) 'andin the Northern Chan
nel on July 25 (station 10229),practically to the exclusion of everything else,except
for an abundance of adult Euthemisto, which (we may suppose) are sufficiently large
and active to protect themselves from the glassworms, voracious though the latter
are (p. 107).

Evenwhencopepods, as a group, are'the chief factor.in the summer plankton over
Georges Bank, it is sometimes the little brown Temora longicornis (fig. 20),not
Calanus, that is the dominant species there. This was the case at a station on the
n~rthwestern part .of the bank in JUly, 1913 (station 10059), while the frequency
WIth which Kendall, in his field notes for August, 1896, describes "small brown
copepods" (which could only be Temora) as abundant, side by side with "red
~eed" Walanus) and "green copepods " (Anom,alocera), ~r even ~ constituting the
ulk of the surface tow, suggests that such dominance on Its part IS a common event

on the northern part of the bank (lat. 41° 45' to 42°, long. 66°30' to 68° 30'). His
reCords suggest that Temora increases in number there with the advance of the
sUlnmer/owhich parallels its seasonal history in the Massachusetts Bay region (p: 289).
b Ryperiidamphipods (two species of the genus Euthemisto, p. 156) have often
V~en reported as plentiful over the outer part of the continental shelf off Marthas
s~neyard. We found them in abundance over the corresponding zone off Nantucket
. oals and over the western end of Georges Bank, side by side with the copepods,
~ll~U!y of 1913 and 1916 and August of 1913 and 1914. They are equally charac
M:~tlc of the outer parts of the banks eastward across the mouth of the Gulf of

alne and off the Nova Scotian coast, where they breed in abundance (p. 160) and
growlarger than within the gulf to the north.

The outer part of the continental shelf is the offshore limit to the occurrence of
;opepods in abundance abreast of the Gulf of Maine; but the pelagic amphipod genus
'W~t :rn~ntioned is perhaps most plentiful along the upper part of the continental slope,
A.tlere~tmingles with the oceanic planktonic community of the warmer waters of the
gi antIc basin. It has likewise been our experience <though fresh observations may
~ter conclusions drawn from a single summer's cruise) that in mid·

''1'he c t '.' ..... '. .., ...•...
else ex a ch Ofone·half hour's haul of the Helgoland net at 4G-Ometers was about 5 liters oC Sagitta elega1l8, and veryllttle
fIoatln;e:t a few Calanus, Temora, Pseudoca!anus, 3 or 4 Euthemlsto, 2 Ltmaelna, young crabs and other decapods, and some

10]te YdroldCragments described below (p. 380).
ndall's tows were taken during the last week In August. " .'
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summerButhemistods to be expected .in abundance over Browns Bank, largely
replacing the copepods there, for on July 24, 1914 (station 10228), the surface waters
were alive with them, while on ,June 24, 1915 (station 10296), the tows on the bank
yielded large numbers of theseamphipods among the stillmore abundant Calanus
(more abundant in bulk as well as in numbers). Euthemisto is also an important
factor in the plankton close into the land off, Cape Sable, where they increased in
relative abundance in 1914 from July 25 (station 10230), when they were overshad
owed. by Calanus, until August 11 (station 10243), when they were dominant in the
plankton. A seasonal change of the same sort took place in the shoal coastal waters
off Shelburne, Nova Scotia, during. the summer of 1915; for Euthemisto dominated
avery scanty plankton there on September 6 (station 10313), where it had been out
bulked both by copepods and by Sagittee 'on June 23 (station 10291), though domi
nating the plankton farther out over the shelf on that day (10293).

Although euphausiid shrimps of. one species or another (p. 133) are practically
universal within 'the gulf-may, indeed, be constantly plentiful, locally, as off the
Eastport-Grand Manan region, and temporarilyso elsewhere (p. 133)-we have never
found them dominating the water of the gulf at any level except over Browns Bank,
where the tow net working at 60 meters depth yielded a quart or more of these pelagic

. shrimps 11 on July 24, 1914 (station 10228), diversified only by an occasional Sagitta,
three Beroe cucumis, a few. copepods, and' no amphipodsat all, notwithstanding
the abundance of the latter at the surface at this same station. Though not strictly
within the limits of the gulf, I may add that four days later euphausiidsoccurred
in great numbers over the slope abreast of Cape Sable 12 (station 10233), and in this
same general region on March 19,1920 (station 20076, fig. 21). It is not safe to assume,
however,that these shrimps are constantly abundant over Browns Bank in .surnmer,
for we found none at all there on our only other visit during the warm half ofthe year
(June 24, 1915, station 10296), but in their stead made a very rich haul of calanoids
(3 to 4 liters bulk) , with a few Eucheeta, many 18J1ge Euthemisto, small Sagittee,
and occasional tropical organisma/such-as Phronima and Salpazona:r.iai,

To close this brief survey of the chief planktonic communities.of.midsummar, I
must remark that a .sprinkling of. Gulf Streamanimals-c-sometimes, indeed; a typi
cally tropical plankton-is to be expected all along the upper part of the continental
slope at that season, corresponding to the high temperature olthe Gulf Stream,
the inner edge of which lies but a few miles farther offshore. This tropical plankton
and 'such members of the generah.bathypelagiccommunlty of the Atlantic basin
as approach the slope are the subject of a-later sectionIp. 53);

The accompanying photographs (figs. 10 to 21), illustrate certain of the more
characteristic communities as they occur in nature, and the distribution of. the more
characteristic communities, for July-August,1914, is outlined on the chart (fig. 22).

The great majority of the species of pelagic' animals that unite to, form the
bulk of the zooplankton 'of the. gulf are endemic in origin, breeding sufficiently
regularly and abundantly within-its limits to maintain the local 'stock by local pro
duction. This generalization, which the reader will find discussed in more detail
under the aecounts of sev~raLof the species concerned, applies to most Qf. the corn-

u ChieftyMeqanllciiphane8 norveqica.ThIl8ana8~a inerm~. Th.lonuicaudata. with (ewer Th. qreqarld and NematoGcell, meqaloP',
II ChleftyEuphausiaand Nematoscells and fewer Th.lonqicaudata at 100 meters;Nematoseells at 400 meters.
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I'·Ill. 21J.-1' Jnnkt on domi unted b y tho small brown copepod Temora lorlg/corni.l , with a row or tile ta rgor Ouluuu«
Jinrna.Tcliiw.l, juvcu ilo E ut hcmisto, and glasswcrms (Sagitta elegrms) . wostcrn part or Georges Bunk,
Jul y 9, 191a,hau l rrom 25-0 fat homs (sta t ion 10059). X 9 .

FIG. 21.- P lau.kton domlu utcd lJlY .th e polngio;:shr lmll Thy sarlOessa! ony/caudala, wit h alan 'us /i.n·
maTcllicus, glass worm s (I a'Vitta elevrms) , and the naked pteropod li ane limnci" a . Outer pa rt
of cont lueu ta l sholf otr Sho lb urne , Nova Scotia , Murch l U, 1920, haul froJl1100-0 motors (station
200i6). X i .zs I
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mon copepods, notably-to Oalanus fininarchicus,Pseudocalanus elongatus, Metridia
lU,cens,Euclireta,andto sundry 'others (see the chapter on copepods, p. 16'1)i Iike
WIse to Sagitta elegans (p, 308),both the local species of Euthemisto(E. compreSSa

a8', a8'70'7\'

"FIG.:/2.-Dlstributlonof the more characteristic typ~ of anImaIpiankt6nln the otrshorewaters of the Gulf of Maine.
JUly and AUgust. loi4. '0. calanold copepods dominant; •• glass worms (Sagittoo)'dolll1nlint;X',amphipods (Buthe

, 'lIl1sto) dominant; 6., euphausttd shrimps dominant; A. ctenophoras (Pleurobrae~la)domlnant; e. hydromeduslll
,(Phiai1d1wn)dOminant; p, swarm of pteropods (Llmaclna'relrover8a) , . ,

a;dE. bispin~sa,p. ~56), the eUPb.ausiid shrimps Meganyctiphanea and pr~ba'bl;y
t;hysanwssa inermis (p. 139), and the pteropod, Limacina retroversa(p.)24), to men
IOn only a few. It also applies to a whole category of animals of coastwise nativity
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It does not follow from this, however, that all parts of the gulf are equally favorable
as marine: nurseries. On the contrary, few if any animals breed indifferently or
equally plentifully over its whole area, and different parts of the gulf may run, the
whole gamut from extreme productivity to almost complete sterility for one species
or another. Our work has not progressed far enough to give more than a glimpse
of such local differences; enough, however, has been done to show that the south
western corner of the gulf generally, and the Massachusetts Bay region in particular,
stand at one extreme, with innumerable copepods and a great abundance of pelagic
fish eggs produced there (not to mention other planktonic animals), while certain
small areas in the Bay of Fundy exemplify the other, where few if any animals with
floating' eggs breed successfully. Broadly speaking, our hauls have demonstrated
that the coastal belt, out to .the 100 or 150 meter contour, is more prolific than the
deep trough in the production of planktonic animals.

VERTICAL DISTRIBUTION OF THE ZOOPLANKTON

In the foregoing lines the various planktonic communities are treated as though
their several component groups. or species were indifferently distributed from the
surface downward, independent of depth; the various lists, that is, are such as would
be yielded by vertical hauls from surface to bottom at the respective stations. Such
is by no means, a true picture, however, for it often happens that, although the
species from any given locality occur side by side geographically, they may be far
apart bathymetrically, and especially so in the deeper parts of the gulf. Nor is it
astonishing, with a pelagic fauna as varied as that of the Gulf of Maine, and with its
sundry members responding variously in their vertical occurrence to the physical
conditions under which they live, that we have usually found the plankton of mid
summer more or less stratified even in the upper 100 meters or so, either by the
concentration of one group of animals at one level, another group at another, or by
a comparatively barren state of the immediate surface contrasted with great pro
ductivity in the underlying strata of water. The stratification between depths less
than 100 meters, on the one hand, and the bottom waters of the gulf, on the other,
is still more significant. bsing one of kind as well as of degree, as I shall endeavor
to make clear later (p. 26). Indeed, it would not be too much to say that the local
zooplankton is never quiteuniform from the surface downward to any considerable
depth, unless it be in very shallow water or in localities where vertical circulation
keeps the whole column effectively stirred from top to bottom.

With so many subjects involved, stratification, whether quantitative or quali
tative, may occur. in infinite variety, and many instances of the sort have forced
themselves on our notice, though our hauls have not been particularly directed
toward the detection of such. Perhaps the most interesting phase of the subject,
as it is certainly the most widespread, is the scarcityofadult pelagic animals of
the Calanus community, including most of the species which together make up
the preceding plankton lists (p. 17), at the surface during the daylight hours of
summer. No matter what nets we have used on the surface between sunrise and
sunset in the offshore waters of the gulf at this 'season; they have usually yielded
very little zooplankton of any kind, and often practically llot¥ng except larval
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forms and the smallest Crustacea and phytoplankton. In fact, had we relied on
sUrface hauls by daylight alone, we would hardly have suspected the existence of
the abundant and varied planktonic fauna which peoples its deeper water layers.
True, we have' occasionally made rich catches of Oalanus, with its companion
animals, right on the surface in the middle of the day, as, for example, near Gloucester
on July 22, 1912 (station 10012), near Lurcher Shoal OIl August 12, and off Penobscot
Bay and Cape Elizabeth on August 14, 1914 (stations 10245, 10250, and 10251), and
near Seguin Islaridon August 4, 1915 (statioIl;10303)13; while the extraordinary
abundance of Calanus that characterized the 40-100 meter stratum in the western side
of the gulf during late July, '1916 (p. 18), was reflected in the presence of' consid
erable numbers of these little crustaceans on the surface at the time, by day as well
as by night. However, such occurrences have been exceptional. Huntsman,
similarly,has characterized II the presence of Calanus en masse at the surface between
3 and 4 p. m., under a bright sun," in the Bay of Fundy in September as an unusual
eVent (Willey, 1919, p. 181). On the other hand, surface tows made in the gulf
during the hours of darkness, especially if near midnight, have usually yielded an
abundance of the calanoid copepods (even including the deep-water genus Euchreta) •
And the geographic locations of the stations where we have made rich surface catches
by night point to a general diurnal migration of the Calanus community-upward
after dark, downward about daylight-in the inner parts of the Gulf of Maine in
sU~er, such as Esterly (1911 and 1912) and Michael (1911) describe for the San
DIego region,!' and with all the major planktonic groups sharing in it more or less,
though perhaps none so regularly as the copepods. The data bearing on this point
are not extensive,no particular attention having been paid to it in arranging the
stations. We have occasionally found the surface practically barren some hours
after sunset and before the first sign of sunrise, even at localities where the deeper
Waters supported a rich and varied plankton, as was the case in the western basin
on August 9, 1913 (station 10088), and again on the 22d of that month a year later
(station 10254).

Of course, there is nothing novel in a vertical migration of this kind,similar
phenomena having long been known and widely heralded in: other seas; nor is it
~ecessary to seek far afield to find a parallel in New England waters, for Peck (1896)
,ong ago described the copepods as deserting the surface of Buzzards Bay almost
COlllpletely during the daytime, to reappear there after dusk.
. It is unfortunate that our hauls have not been arranged to show at what precise

t1llle after sunset the copepods rise to the surface in largest number or how soon
after lllidnight they sink again, a question of great interest from the physiological
~tandpoint(p. 204). Few data have been gathered as to the actual vertical range
dmough which this migration takes place in the Gulf of Maine; that is, how far up and

Own any individual animalmay swim, or how universally or regularly the members
~: any group of animals indulge in. it. It must be verywide~pread occasionally:, at
~ong thecopepods, for at tUlles we have towed them III great numbers rIght

lit S~t~llan earlier report (Bigelow, 1914a)it was stated by error that a large haul of Oalanua was obtained on the surface by day
II on 10027; actually this station was occupied at about midnight. . . . .

DataQn the euphausllda, amphlpods, pteropods, etc., wl11 be found summllri~ed in theaceounts of these several groups.
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on top of the water after dark, notably near Mount Desert Rock on August 16,
1912 (station 10032), where the 4-foot net, towed for half an hour, yielded nearly
3 liters of plankton, chiefly copepods, with Oalanusfinmarebiau dominating, besides
Eucheeta, Oentropages typicus, Metridia, Anomalocera, and Pseudocalanus; also the
shrimps Meganyctiphanes, Thysana;ssa inermis,Th. longicaudata, rt. gregaria, and
Nematoscelis; the pteropods Limacina andClione; Euthemisto of both species;
the two common chretognaths Sagitta elegans and S. serratodentata; Tomopteris;
Stephanomia; and larval redfish in lesser number; in short, a typicalCalanus com
munity. A second instance of this sort came to our notice off southern Cape Cod
on July 22,1916 (station 10346), when the surface net yielded about as much Calanus
(nearly a liter), with a sprinkling of Pseudocalanus and Metridia, an odd Euthemisto,

. Sagitta elegans, and Clione, as did the 30-meter net, although the mouth area of the
latter was four times the greater, and it was towed for an equal period. Asa rule,
however, this vertical migration does not bring nearly so large a proportion of the
zooplankton to the top of the water at any time during the night, for our catches have
almost always been far richer (more varied, as well) at some little depth thanim
mediately on the surface. This is illustrated by a station off Cape Cod on August
23, 1914 (station 10256), where the catch of Calanus, Euchreta, Meganyctiphanes,
Euthemisto, S. eleqams, and Stephanomia was several times larger in the 130-0
meter haul than in the surface haul, even after allowing for the use of nets of different
diameters.

Whatever the precise physiological stimulus may be which causes so many of
the copepods and other pelagic animals to rise at sunset and to sink again soon after
midnight-and this is still an open question (p. 204)-its results are certainly confined
to a far shoalerstratum in the Gulf of Maine, where it is never necessary to lower the
net deeper than 40-100 meters to find the Calanus community at full strength at
any time of day, than in the San Diego region off southern California, where Calanus
in particular congregates as deep as 200 fathoms by day, to swim upward nearly or
quite to the surface in the darkening hours (Esterly, 1911). Nor is it probable that
the daily verticalmigration in the Gulf of Maine often covers more than 100 fathoms
even for Euchreta, which sinks considerably deeper in the daytime than does Calanus
but less often reaches the surface at night. Until more extensive data are available
it is idle to do more than touch on this interesting question.

Apart from these vertical diurnal migrations our hauls have afforded glimpses of
vertical stratifications of three other sorts (sometimes all three of them are exem
plified ata given station) : (1) As between young and adult communities as a whole;
(2) between the adults of the several groups, genera,or species,even within the
rather narrow depth limits (say, 10 to 100 meters) where the Oalanus community as
a whole attains its most abundant development; and (3) between the planktonic
communities of the upper 100 meters or so, on the one hand, and of the deepest water
of the gulf, on the other. Perhaps as illustrative a case as any that has come under
our notice, and one typical of the western side of the gulf as a whole in early summer,
is afforded by it station off Cape Cod on July 8,1913 (station 10057), where it was the
surface hauls alone that yielded any considerable number of copepod nauplii and
eggs; the haul at 15-0 fathoms (27-0 meters) caught swarms of Calanus and many
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euphausiids and hyperiids, but only a few Sagittre; the haul from 60-odd meters
contained almost no euphausiids, hyperiids, or pteropods,but yielded large numbers
ofSagittre, and Euchreta was taken in it alone. Thus, the Calanus, euphausiids, and
pteropods were mostly above 30-50 meters, the Euchsets, and Sagittre below that
depth, with Bsroe.Pleurobrachia, and Stephanomia more evenly distributed (Bigelow,
1915, p. 267).
. A similar bathymetric segregation as between the copepodsand the large adult

Sagittre prevailed in Massachusetts Bay on July 19, 1916 (station 10341; figs. 12 and
13), when the haul at 30 meters yielded a practically pureCalanus plankton with
many larval fishes and SOIne youngeuphausiids but :very fewSagittre, whereas
the net working at 80 meters captured a swarm of large S. elegaits but not nearly so
lll.any Calanus as the shoaler haul. This condition must have been general over a
considerable area at the time; for we had much the same experience two days later off
Cape Cod (station 10344), whereCalanus and young silver hake were extraordinarily
abundant at 40 meters (the largest catchof young fishes we have ever made-Bigelow
and Welsh, 1925, p: 394), but evidently concentrated in a narrow depth zone centering
at about that level, for both were practically absent on the surface, on the one hand,
and very much less numerous in the 90-0 meter catch, on the other, whereas Sagittre,
equallY-absent from the surface, werescarcein the 40;.meter hauls but abundant 'in
the catch from 90 meters. '.'

A depth relationship of the same sort (between copepods and euphausiids) obtained
on August 9, 1913, off Cape Ann (station 10087), where the 30;.0 meter haul brought
back a rich gathering of the former (chiefly Calanus, with many Pseudocalanus) and
n;tany larval rosefish, but only an occasional euphausiid, whereas we captured a con
slderable number of the latter (small Thysancessa) at 80-0 meters, but only a fraction
asmanjcopepods as at 30 meters, and an occasional Sebastes. On the other hand, lest
the reader conclude' that the Sagittre and the euphausiids invariably congregate
below the densest shoals of copepods when stratification occurs between these
groups, I may point out that we found the 40"'0 meter haul on the northwest slope of
Georges Bank, July 20, 1914 (station 10215), practically monopolized by S. elegans
and Limacina reirooerea, with very few copepods, whereas a rather rich haul from
70-0 meters brought in about as great a bulk of copepods (about equal numbers of
Calanus and Pseudocalanus) as Sagittro, but no Limacina at all. Similarly, there
Were about six times as many Calanus and Pseudocalanus at 110-'0meters as at 40-0
~etersoff Cape Ann on August 31,1915 (station 10306), with just the reverse holding
1n these same hauls for Euthemisto and for young euphausiids. The latter, indeed;
\Vere almost wholly coIlfined to the shoaler level, where they about equaled the
C?epodsin bulk if not in numbers., The copepod plankton of the western basin must
L So have been much denser below than above 100 meters on May 5, 1915 (station
t~267),when the ve~tical haul from ?50-0 meters yielded great numbers, whereas

ecatch of thehorizontal net working at 85 meters 'and up to the surface was
Scanty (total catch lessthanU liter). '.
lilt .As. still another instance of verticaletratification in summer, I may mention our
t ~tlonof August 12, 1914,on German Bank (l0244),' where the surface water con..
luned an abundance of smallEuthemisto but only a few Calanus (besides the Pleuro-
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brachia so common there, p. 19), whereas the haul from 40 meters yielded copepods
chiefly, with only occasional Euthemisto.

No doubt a more intensive examination of the zooplankton of the Gulf of Maine
will multiply such instances indefinitely, but enough have been mentioned to show
that a definite vertical segregation may occur at certain times and places between
animals having the same faunal status. On other occasions the contents of hauls
at different depth levels, between, say, 10 and 100 meters, .are often almost precisely
alike, as was the case near Lurcher Shoal on August 15, 1912 (station 10031), when
copepods, euphausiids, Sagittre, Staurophora, Euthemisto, and even Salpre (p. 56)
occurred in proportions so similar in hauls from 50-0 and from 100-0 meters that it
would have been.difficult to distinguish samples of the one catch from the other had
it not been for the presence of the large copepod Euchreta in the deeper one. Many
other .instanees of this same sort might be mentioned also.

Our experience has been that young and larval forms of all sorts, from fish eggs to
eopepod nauplii, are usually most plentiful at or very near the surface, For example,
in May, 1920,which is the season of their greatest abundance; nauplii were far more
abundant in the surface catch and. in closing-net hauls from 10-15 meters in Massa
chusetts Bay (stations 20120,20121, and 20124) and off the Merrimac River
(station 20122) than in the deeper catches. It is safe to say that the great majority
of the copepods breeding in the Gulf of Maine pass through their early.stages in the
upper 40 meters of water. Similarly, the nauplius and cyprid larvse of the common
barnacle, so prominent in the plankton for a brief period in springjp. 43), are usually
condensed at and near the surface, rarely at some lower level (station 20105, figs. 23
and. 24)• Larval and even half-grown euphausiids are also far more plentiful above
than below 50 meters]. and this is even more true of larvalamphipods(Euthemisto),
which live close to the surface at first (p. 163), to sink to deeper levels with advancing
age; likewise of young S.elegans, as described elsewhere (p. 316). Since most of the
fish produced in the gulf live in this same zone during their first weeks, it may,
not inaptly,be named the nursery ofthe gulf.

Certain conspicuous adultanimals are also as typically characteristic of the sur
face of the gulf as are the innumerable larval forms. Such, for instance; is the large
bluecopepod Anomalocera which may often be seen darting to .and fro in the sun
light immediately in the surface film and which seldom sinks more than a. few
fathoms. The small browncopepod Temora longicornis likewise occurs in .greatest
numbers near the surface; for instance, a surface tow near Nantucket Lightship,
on July 9, 1913 (station 10060), "yielded thousands, while the hauUrom20fathoms
caught only 25 specimens, and.it was not taken at aUin hauls from depths greater
than 23 fathoms" during that summer (Bigelow, 1915, p. 294). Much the same
rule holds for. the little copepod Oentropages typicus, of which "the surface haul at
station 10088 yielded ten times as many specimens as the haul from. 80 fathoms,
though made with a net of only one-sixth the.mouth area" (Bigelow, 1915,>p. 293),
and which we twice found common at the surface during August, 1914i but. not at
all in the catches at 25 meters and deeper (Bigelow, 1917, p. 291). His our surface
hauls, too, that most often. yield Evadne andappendicularians , indeed, we.question
whether the latter ever sinks to any great-depth in the Gulf ofM;aine.One of .the
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l 'w . 2:J.- J>lank lon a t t he surrnco, north ern chan nel , Apl'i1 J5, J920 (stat ion 201.05) , do ml nn tud by th e
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and b y eu pha us iid shrim ps (T trysa uoe sa) at U sta t ion olT th e sou thwest slope of Georges Dank,

10y 17, 1920 (sta tion 20129), wh rc Lhe surface eate n (ng. 25) wns do minated b y iko pleura . X ·I
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lllost striking instances of vertically stratified plankton we have ever encountered
resulted from a swarming of large appendicularians(fig.25) on the surface and down
perhaps to 40 or 50 meters over the southern edge of Georges Bank on May 17,
1.?20 (station 20129), overlying a moderately abundant Calanus and young ouphau
sud communityin the deeper strata down to about 100 meters (fig. 26).

Various medusse, among them the largest (Aurelia and Cyanea), likewise seek
the surface even in bright sunlight, while smaller species, notably the common
hYdroid medusa Phialidium languidum, sometimes swarm there in such numbers
as to fill our tow nets to the brim. In fact, the latter seldom, if ever, sinks more than
a few meters deep. Ctenophores, too, of several species, come up to the top on
slllooth days, where they can be seen drifting along like crystal balls (p:372), and on
Occasion even the large euphausiid shrimps may swarm on top of the water, day as
~ell as night, probably to avail themselves of a particularly succulent food supply;
In the Eastport region, for instance, in summer. (p. 147), and in the Isles of Shoals
Boon: Island region in spring (p. 145), though they are no more characteristic of the
superficial layers elsewhere and at other seasons than are the adult .Sagittse. Since
lllost of the deep-water members of the plankton (e. g., Euchreta, the largest of local
copepods, and the cheetognath Eukrohnia hamata) have' occasionally been taken on
the surface in the Gulf of Maine (pp. 235, 328), any number of this faunal group
lllaybe expected to appear at that level occasionally.
. It:needed very few hauls from the deep trough of the gulf to show that there
IS a decided cleavage in composition between the zooplankton .of the upper and of
the lower water layers, with the 100 to 150 meter level roughly delimiting the two.
:No hard and fast line can be drawn between these communities, for the gap is bridged,
<>nthe one hand, by such occasional excursions of the deep-water dwellers upward
e"ento the surface as have just been mentioned and, on the other, by .the
~l'esence of Calanus, Metridia, Thysanoe8sa inermis, .Tomopteris, Sagitta elegans,
. uthemisto, Limacina, etc., in decreasing numbers right down to the bottom, even
~n the deepest parts of the gulf, a fact demonst:~ted by the, closing-~e~ h~uls listed

elOW! (p.,50)~Nevertheless, the two communities are so characteristic lD general
aspect, that it is usually possible to tell at a glance whether any, particular sample
Cll.lllefrom much above or far below 100 meters. The features making, this possible
~he the apund.ance and r~gular occurrence of Euchseta n~rvegioa in the: de~p basin of

egult ·,Thls copepod IS so much larger than any. of Its relativesand IS. rnade so
~onlilPicuous by the blue egg clusters of the female that it gives a distinctive appear
l!.:nCet~:the entire catch. It is regularly accompanied by thecheetognath genus

Ukrohnia (p. 328); more rarely by the larger glass worm S. Zyra (p. 327); fre
~uentlYbYt,he large pelagic decapodous shrimp Pasipheea: .and locally by large

, oUlllb~rsof, the euphausiid shrimp Meganyctiphanes ,norvegica <the latter, however,
~:Ul'1';lng in.shallow water also). On the other hand, this "Euchseta" community
a.nJUdes only a,spal'serepresentation 0.1 Euthemisto, Calanus, or Pseudocalanus,

Pl'ttctically no.Pleurobrachia or pteropods, ,
100JJ.Qiortunatelywe have made only one successful closing-net haW. .deeper. ,thaq.
OUr lllet~rs during all our summer cruises, for it was not until the spring of 1920 that

clOSIng apparatus for horizontal hauls was developed to a dependable state;
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hence, except for that one instance, the catches in the deep summer hauls have. all
been contaminated by the Oalanus community captured by the open nets on their
journeys up and down.. For this reason 1 can not claim that the Euchreta, Eukroh
nia, etc., taken at any given station necessarily came from the deepest levels. But
the Euchretacommunity has been consistently represented .in our midsummer hauls
below 100 meters, no matter in what part of the basin of the gulf these have been
made (see the following tables, pp. 40 and 50), and as we have never found it in any
abundance in hauls shoaler than 100 'meters it would be merely academic to dispute
the general thesis that it is actually characteristic of the deepest stratum of the Gulf
of Maine.

Whether. the' occasional excursions of Eukrohnia and Euchreta to the surface,
such as ,I have just mentioned (p. 29) and discuss at .greater length elsewhere
(pp.235, 328),are sporadic events inducedby some temporarily or locally active vertical
circulation, or whether they are more regular concomitants of regularly recurrent
physical states than now appears probable, the fact remains that it is only below
100 meters-that is, in the saltest water of the trough of the gulf, which is never
very cold-that the Euchesta community occurs regularly." The Euchreta com
munity similarly characterizes the 'corresponding level along the continental slope
abreast of the gulf. ' .

The use of the closing net is requisite to show in what relative amounts these deep
water animals are mingled with Oalanus and its companions in the deeper strata
of the inner parts of the gulf. In one such haul just mentioned (off Cape Cod,
August 29, 1912, station 10043) at a station where Calanus outnumbered Euchreta
atleast 2,000 to 1 in the 20-0 meter haul (Bigelow, 1914, p. 116), these two copepods
were about equally numerous at 125 to 120 meters, with Euchreta bulking the larger,
thanks to its great size. The total volume of the catch was small, however (less than
one-half liter), and we have never found the deep-water Euchreta community
even approaching the swarms of Oalanus of the upper 100 meters, or so, in volume of
plankton present in the water. Unfortunately we lack precise data on this point.

To recapitulate, three chief bathymetric pelagic communities of animals can be
distinguished in the Gulf of Maine in summer, not, of course, sharply outlined, but
still sufficiently so to be recognizable. First is that of the surface, with its juveniles,
small copepods,etc., which receives accessions of large copepods, Sagittre, euphausiids,
etc., by night and rarely by day; second, the general boreal community of the upper
and mid depths, with Calanus, Metridia, and Pseudocalanus,Euthemisto; Thysa
noessa, and Sagitta elegans as its index species; third, the Eucheeta community of the
deepest waters of the gulf. The distinctions between these communities, and aspe
eially between the last two, are greatest when and where the water is-most stratified
in density and temperature-that is, in the southwestern part of the gulf in mid
summer-least when and where the waterismost uniform vertically. This is the case
in all parts of the gulf during late winter and early spring; and throughout the year
in regions of very active vertical circulation, such as the neighborhood of Eastport,
the St. Andrew's region at the mouth of the Bay of Fundy, and locally on the offshore
banks.

II See p. 236for precise temperatures and salinities.
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To answer a.question .that has often beeoasked me by zoologists as well as
laymen, X may remark that, there is no level in the Gulf of .Maine but supports a
'Varied pelagic fauna.

NERITI(:: AND OCEANIC' PLANKTON .

None of.the criteria by which the plankton can be subdivided ecologically (e. g.,
relation to temperature, season of reproduction, depth of habitat, etc.) is more
fundamental than whether its' members do or do'not depend on the coast line with its
shallows and great supply of foodstuffs ; that is, whether they are neritic or oceanic.
This distinction is as interesting to the oceanographer 'as to the biologist, a know
ledge ofthe mutual distribution ofthe two groups on the high seas often going far to
re'V"eal the mutual relationships and fluctuations of waters of coastal and of offshore
origin. . . .'". .

The pelagic Iarvse.of various familiar bottom-dwelling animals (a host in them
selves), including' most of the worms, bivalve and gastropod' mollusks,decapod
crustaceans, barnacles, starfishes, and sea-urchins, so abundant in the bays and
shallow waters along the coasts of the Gulf of Maine, belong to the neritic category.
The adults of many medusee, including. the largest and most conspicuous species as
Well as others minute, are equally neritic, for they pass through a fixed stage in shallow
Waters during eadylife.Hereialso, fall certain small phyllopodcruetaceanafe.rg.;
~'V"adneh which, though pelagic for most of their lives, survive unfavorable seasons
l~ the form of resting-spores on the bottom, a life history analogous to that of many
diatorns,which consequently fall in the neritic category also, as do various other pelagic
l>l~nts less prominent in the plankton. There is also a whole series of planktonic
~lti.:rnals, particularly among the copepods,' bound to the neighborhood of the coast
y some unknown bond (perhaps by dependence on a particular food supply), and,

~ence to be classed as neritic, althoughthey are pelagic throughout life both as
;r:voo and as adults, Here; too, must be classed the pelagic eggs ofallthe species of
sh that spawn in shallow water, such as cod, haddock, pollock, silver hake, cunners,

and flounders of sundry species.
. . Contra~ted' with this' coastwise' population of the open sea are all the oceanic

ltlti.:rn81s and plants, which are not only free floating or swimming throughout life but
:hovv nOltpparen~ relation to the coast line.in their distribution-e-tc borrow a nautical
er:rn, they form Its "blue water" populatlOn.· .'

It is/of course, impossible to draw a hard and fast distinction between the neritic
~d oceanic. categories, the. bo~de: line being bridged in too many instances by the
b any. pelagIC forms occurrmg indifferently both near shore and out at sea, and also
b'Y anImals that are dependent on the bottom in deep water at some stage of existence
Wll~ not in shallow wa~er; for example,by the hydromedusan: genus Calycopsis,
thhich probably passes through a fixed stage hut has never been found nearer shore
of~~ ~hec'ontinental slope. However, the division holds fairly well for the Gulf

J.V.lame. '
th In northern seas, generally,'neritic 'elements form a large part, if-not practically

e Whole, of the plankton of sheltered bays and estuaries and off river mouths-v
75898-26--3
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indeed, in all locations where conditions may be described as estuarine-and dominate
for a mile or two out from the coast line generally. No detailed study of the plank
ton of any such situation tributary to the Gulf of Maine has yet appeared, but
Willey's (1913 and 1915) and McMurrich's (1917) .observations at St. Andrews,
with the lists contributed by Doctor McMurrich (p. 12) and the record that might
be collected from many sources of the abundance of various medusee and of larval
forms of many kinds inshore, show that the gulf is no exception to the general rule.

The complexion of the plankton at Woods Hole recently described by Fish
(1925) may serve as an indication of the preponderance of neritic forms that may
be expected in the Gulf of Maine bays and harbors and close along its coast line
generally. Thus, Fish classifies 42 of the characteristic diatoms as neritic and
only 16 as oceanic, while at least 13 out of 15 hydromedusee described by him as
"occurring commonly in surface towings" (Fish, 1925, fig. 26) are characteristic of the
neritic group and only one oceanic. Two neritic scyphomedusee occur in abundance.
Only two. of the many annelids listed from his tows (Sagitta and 'I'omopteris) are
truly pelagic when adult, for the others swim only during the breeding season or as
Iarvre.

Molluscan larvre are at times abundant in the Woods Hole plankton. The
neritic phyllopods Evadne and Podon are characteristic of the local tows, as are
the larvee and sometimes the adults of neritic mysids. Fish found barnacle larvre
abundant in their season, bottom-dwelling amphipods were taken in large numbers
in the tow during their breeding season, and the larvre of decapod Crustacea
shrimps, prawns, crabs, and hermit crabs-are dominant. On the other hand,
no euphausiid is a permanent member of the local plankton, though several species
have been recorded at Woods Hole. Thus,aside from the copepods, the oceanic
element of the Woods Hole plankton is wholly overshadowed .by. .the neritic.

If one were to turn to the Gulf of Maine de 'novo, one might naturally expect
the plankton of its central portionto be so largely recruited from the coastal zone
that neritic elements would loom large there also, judging from the form, length,
and complexity of the shore line with the abundant and varied bottom fauna which
it supports; from the confinement ofthe gulf by the extensive and shallowoffshore
banks on the ocean side; from the great volume of river water that pours into it; and
from the fact that the tides are strong enough in places tostir.the.water thoroughly.
Our first summer's cruise (in 1912) was enough, to show that this is not the case
but that the pelagic communities of the gulf a few miles out to sea are predominantly
oceanic; except over the offshore banks.

Our subsequent cruises have corroborated this for summer, autumn, and winter
for.all the years of record, and for the whole offshore basin of the gulf, where we
have never found neritic forms, plant or animal, playing a role of any importance
in the plankton except for a brief period in spring, as pointed out below.

The rarity of animals of coastwise origin or affinity in the open gulf in summer
(except within a trivial distance of land and over the shallow banks) will appear
from' the following facts of distribution, already .summarized in an earlier report
(Bigelow, 1917, p. 251).
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The most conspicuous planktonic inh~bitants of the gulf, of neritic nature, are
the two large scyphomedusan genera Aurelia (p. 362) and Gyanea (p, 357). Their
'Value as indices of coast water has long been appreciated in north European seas,
and they are both so large that they are usually visible as they float on or near the
sUrface, if present in any numbers; consequently, notes on their local presence or
absence, as seen from the vessel, afford a closer record of their distribution than do
the actual captures of specimens at the tow-net stations. Both of these medusee
are abundant along the shores of the gulf in summer, but Aurelia is so closely con
fined to the immediate vicinity of the land that we have seldom seen it more than
a mile or two outside the 100-meter contour (or more than 15 miles from land),
While the zone Within which it occurs regularly, if not abundantly, extends hardly
~O miles seaward beyond the outer headlands and islands (p. 363) ; nor have we found
It on Georges Bank, though the shallowness of the water there suggests this as a
Possible breeding ground for it. Gyanea, the common" red jellyfish," which often
grows to a breadth of 3 feet across the disk and sometimes to a tremendous size
.(A. Agassiz, 1865), is not so closely confined to the immediate vicinity of the land as
Is Aurelia, for it occurs regularly in the coastal zone, on Nantucket Shoals, and on
~eorges Bank, which must be important centers of production for it, judging from
~ ~ abundance of the young medusse there in spring and summer (p. 359). However,
~l~ a rare occurrence to find a Cyanea outside the 100-meter contour in the Gulf of

alne (on July 15, 1912, we captured a very large Gyanea in a haul from 120-0
~eters in the western basin). The hydromedusa Melicertum campanula,l6 so abun
. ~t all along the coasts of the Gulf of Maine (p. 341), is an even more precise neritic
bs cator. than Aurelia, for it is still more closely confined to the coastal zone, not
Because the waters of the open sea are fatal to it (its abundancein Massachusetts
hay proves the contrary), but because it passes through its fixed stage only in:heltered localities, estuaries, etc., and because its free-floating (medusa) stage is of

ocorter dura.tion, Although Melicertum often swarms in localities .as open to the
rn ea.n.as Massachusetts Bay and the outer parts of Penobscot Bay, as well as in
10~re l~closed waters, a single example from the westernbasin(A~gust, 1913, station

88) IS our only record of it more than 15 miles from land.
and The medusee of the genus Sarsia, which are plentifulinseason (p. 43) in bays
dot estuarine situations all along the shallow coastal zone ofthe gulf, where they are
to ~hed from their hydroids in great numbers in spring, are similarly restricted
tar 1e COast line, for we have never taken them in the offshore parts of the gulf and
hyJY. more than 4 or 5 miles from land. This is equally true of many other small
far rOld medusre, most of which appear in the gulf for a brief period only, and then

more numerously close to shore than outside the outer islands. .
of n ~s.I have pointed out elsewhere (Bigelow, 1917, p. 252)', an interesting example
fOU:~ltIC o~cur~ence among Ccelonterates is afforded by the hydroid colonies we have
inJut°floatmg in considerable numbers over Nantucket Shoals and Georges Bank
So cl Yof 1913, 1914, and 1916, and in February, 1920, as well (p, 379). These are
frotn°:hly confined to the immediate vicinity of the localities where they are torn
thne e bottom that we have never found them or their free medusee (which some
~ on the banks) anywhere in the deeps of the gulf to the north.
fa II Large c

rtber OlJsbo~~hes of Mellcertum 38 miles off Cape Cod and near Browns Bank on August 12and 19, 1920, prove that It drift
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There are other species of hydroid medusee that are not so closely confined to
shoal water, probably because they are able to pass through their fixed stage at
greater depths and consequently at a greater distance from land. Staurophora and

.Phialidium, for example, bear much the same relationship to the 100-meter contour
in their distribution (p, 345) as Aurelia, Melicertum, and other forms more dependent
on shoal water bear to the immediate coast line.

Other typical examples of the neritic habit are afforded by the Iarvee of various
decapods among the pelagic Crustacea,young crabs, in particular, being instructive
because so conspicuous and so easily recognized in the tow. These (provisionally
identified as the common rock crab, Cancer ammnus17) are produced in great numbers
all along the coast line of the Gulf of Maine in summer, and occasionally they have
occurred in swarms 'in our summer hauls near land, for instance, off Rye, N. H., and
in Ipswich Bay,Mass., on July 23, 1915. Crab larvse of some species are equally
plentiful on Georges Bank, where we encountered hosts of them on July 23, 1916
(station 10347),and where Dr. W. C. Kendall towed them in abundance and found
them providing the young mackerel with a rich food supply at various localities
along the northern edge of the bank during August, 1896. They are so closely
limited to the vicinity of the land and to the shallow waters of the offshore banks,
however, at least so far as occurrence in any numbers is concerned, that I have
usually sought them in vain in towings made in the central parts of the gulf, even
during their season of abundance; nor have we found crab larvee over Platts Bank or
near Cashes Ledge, though they may be expected there, these doubtess being as good
crab grounds as is Georges Bank. The presence of an abundance of crab zoese in the
surface water of the western basin on August 22, 1914 (station 10254), was an 'excep
tion to the general rule arid interesting because the considerable depth (268 meters)
at the locality in question makes it almost certain that these young crabs were not
hatched there but had drifted out from the rocky banks and ledges off Cape Ann,
2'5 or 30 miles to the west and northwest, which is visible evidence of the circulation
in this part of the gulf at the time."

Hermit crab (Pagurid) larvre may also swarm locally over the offshore shoals, as
was the case near Nantucket Lightship on July 25, 1916 (station 10355), when they
were plentiful in .the tow from30 meters (the total depth of water being 36 meters),
though represented by occasional examples only at 16 meters and on the surface.
We, have not detected them in any of our hauls in the basin of the gulf, nor are the
macruran larvee ,of various species (which are almost invariably present in the
coastal waters of the gulf in summer) of any importance in the plankton more than
a few miles from land.

The larval (naupliid and cyprid) stages of the common barnacle;which appeared
in myriads along the coast north of Cape Ann in April, 1913 (Bigelow, 1914a), and
again off Cape Sable during the same month of 1920 (p. 40), are strictly confined to
shallow waters, for .we have never detected them outside the 100-metercontour.
This applies equally to many other metazoan larvre; those, for example, of the common
sea anemone (Metridium), which appear in some numbers in our coastwise catches

- . . ---
11 See Connolly (1923) for account of the larval stages of this crab,
18Cmb larVal also were plentiful 38 miles 01I Cape Cod and on Georges Bank August 12 to 19. 1926.
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in spring. In fact, we have never found the young stages of any bottom-dwelling
animals numerically important in the plankton in the basin of the gulf. This fact
is interesting because, although the fauna .of these deep bottoms is neither so varied
nor so rich in actual numbers of specimens as that of the coastal belt, the various
mollusks, decapods, worms, and echinoderms that occur there no doubt contribute
their larvee to the waters above them, but are so overshadowed by the shoals of
Calanus, etc., that only close examination of large amounts of plankton would reveal
their presence. .

The phyllopod crustacean genus Evadne deserves mention in this connection;
not. for any faunal. importance in the Gulf of Maine, but because its peculiar life
history makes it an infallible index of coastal water, as European students have long
recognized (Gran, 1902; Apstein, 1910; Herdman and Riddell, 1911). Probably
Evadne, which is seasonal in its appearance in northern coastal waters as a whole,
would be found in summer in bays and sheltered waters aU around the gulf, for it
occurs regularly at the mouth of the St. Croix River in the Bay of Fundy (Willey,
1913),on the one hand, and at Woods Hole,on the other. So seldom does it stray
seaward in any numbers, however, that the nine stations where it was detected in
1915 (the first season when special watch was kept for it, and when towing was
carried on from May until October), all lay within 10 miles of land, arid most of them
closer in. .

In this connection it is interesting that several of the pelagic shrimps
(Meganyctiphanes) taken in the eastern basin on August 7, 1915 (station 10304),
Were carrying numbers of Evadne (among other prey) clasped between their thoracic
legs (p. 108), although none of these little Cladocera were taken in the tows made at
that station. From what distance could their captors have brought them~

In an earlier paper (Bigelow, 1917, p. 253) I have briefly summarized the
status of neritic copepods in the Gulf of Maine in the following ·words:

It is less easy to divide the copepods than other Crustacea into the neritic and oceanic cate
~ories, because they are pelagic at all stages. Hence (barring brackish water species), what is neritic
in One sea may prove to be oceanic in another. Nevertheless, since they constitute the bulk. of.the
~lankton of the Gulf of Maine, I may point out that species which are generally classed as neritic
in the North Sea region play only a very subordinate r8le, if they occur at all, in the central part of
the gulf, our summer lists containing only five which are so classed by Farran (1910), [T.] Scott
(1911), Herdman and Riddell (1911), and Gough (1905 and 1907) j viz, Acartia, Tortanus discaudatus,
Centropages hamatus, Eurytemora, and Temora. . ' ,

. We have only one or two records for each of the first four outside the outer
Islands; none from offshore parts of the gulf (Bigelow, 1914 and 1915). The fifth
(Temora Zongicornis) is apparently less closely confined to coastal waters in the
Western than in the eastern side' of the Atlantic, for in the summer of 1913 it was
generally distributed over the gulf (p. 287), though there was no corresponding
expansion of other neritic organisms. As a rule it is common only locally near land
and Over Nantucket Shoals and Georges Bank, a distribution roughly paralleling
that of Cyanea. . .

Dr. C. B. Wilson's examination of the copepods of the cruises of 1915, 1920, and
1921 somewhat enlarges the neritic list at the offshore stations, but supports the
ghneral thesis that, as a rule, the more oceanic species greatly. predominate outside
t e outer islands.
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The pelagic eggs of the many species of fish that spawn on the banks or in shallow,
water alongshore in the gulf are as rarelyfound in our tow nettings outside the 100or 150
meter contours as are other neritic organisms. Cod, haddock, and several species of
flatfish may serve as examples of this; likewise the silver hake (Bigelow and Welsh,
1925, p. 488, fig. 217, and p. 244); while the eggs of the cunner are closely confined
to the coast line and to the vicinity of the outer islands and shoals (Bigelow and
Welsh, 1925, p. 284).

The locality records for the neritic animals just summarized, and for sundry
others belonging to the same category, are concentrated in a rather narrow coastal
zone paralleling the periphery of the gulf and over its shallow southern rim, with
neritic forms very seldom of any importance in the planktonic community more than
a few miles out at sea in summer, except for the shallow offshore banks. The fact
that most of the animals of this category, if not wanting in the central basin of the
gulf,are at least so scarce there as to have been overlooked, is sufficient evidence
that. the plankton of the coastwise belt has little tendency to disperse seaward at
that season, but that tbe eddylike circulation parallels the coast, which is corroborated
by drift bottles and by oceanographic evidence generally. '

With few exceptions the scarcity of pelagic animals of neritic origin in the offshore
parts of the gulf leaves the planktonic communities that people its open waters (not
only in the central basin but right up to the outer headlands) composed of animals
and plants not only independent of the bottom at all times .but most of which are
.,qually oceanic as opposed to neritic in European waters, as appears from the very
extensive records accumulated by the International Committee for the Exploration
(If tbe Sea. However, they are not the product of the Atlantic basin outside the
continental slope, as the term" oceanic" might imply, but of the banks water that
washes the continental shelf on both sides of the Atlantic, and to which, they are
confined off the North American littoral by the high temperatures of the tropical
water farther offshore. '

The diatom plankton encountered over the basin in May, 1915, typified byOhreto
oerasdensum and Rhizosolenia semispina, belongs to this category(p. 434; Gran, 1915;
Ostenfeld, 1913; Herdman and Riddell, 1911), while the Ceratium community,
which usually occupies the Gulf of Maine as a whole throughout the summer (p. 391), is
also characterized by species (Oeratium tripos and O. longipes val'. atlantica) usually
regarded as oceanic in the North Sea region (Paulsen, 1908; J~rgensen, 1911)
and in the Norwegian Sea (Gran, 1902). This is equally true of most of the pelagic
animals most constantly characteristic of the plankton of the gulf; for example, of the
copepods Oalanus finmarchicus,Pseudocalanus, Euchreta, and Metridia (Damas,
1905; Gran, 1902; Farran, 1910; Herdman and Riddell, 1911); of the amphipods
Euthemisto bispinosaand E. compreeea (Tesch, 1911; Sal's, 1895);of the pteropod
Limacina reirouersa (Paulsen, 1910); and of the euphausiid shrimp Thysanoessa
inermis (Tattersall, 1911; Kramp, 1913a), to mention only a few of the most typical.
While two of the most important of its members, faunistically (Sagitta elegansand Mega
nyctiphanes norvegica), are intermediate between oceanic and neritic in their biologic
status in the North Sea region (Apstein, 1911; Kramp; 1913a), in the Gulf of Maine
they cover practically the same range as the more typically oceanic forms just men
tioned. Off the European coast most of these species-in fact, the Calanus commu-



PLANKTON OF THE GULF OF MAINE 37

nIty as a whole-are not only charactersitic of the waters overthe continental shelf,
but also of the neighboring parts of the ocean basin, and spread right across the
North Atlantic from the Norwegian Sea and Iceland, on the one side, to Newfound
land and Nova Scotia, on the other (Herdman and. Scott, 1908; Murray and Hjort,
1912). Passing southward from the region of the Grand Banks, however, the band of
cool banks water next the coast is a sort of cul-de-sacfor them, with the tropical
Water (" Gulf Stream") limiting their spread on the offshore side as definitely as the
Coast line does on the inner side. . . .

The contrast in distribution between the neritic and oceanic elements of the
zooplankton of the Gulf.rwhioh T have just outlined, prevails throughout the sum
~er, autumn, and winter; and although in spring neritic diatoms,such as-Thalas
slosira, appear in swarms over deep:water as well as along the' shore, when the rivers
are inflood and the outpouringofland water is evidenced far out from the coast by
lowered salinity, they are decidedly more abundant in the coastal zone than in the
basin even at the time of their widest dispersal, afact discussed below in the general
~ccount Of the phytoplankton; Neither are larvseof coastwise origin of much more
IUlportance in the .plankton' over' the basin in spring (as exemplified by our tow
nettings ofMarch, April, and May of the years 1915 and 1920) than in summer;
Probably this is because the water has hardly warmed appreciably by freshet season;
so that the venial wave.of reproduction has only begun on the part of the littoral and
bottom fauna. . .

SEASONAL FLUCTUATIONS IN THE PLANKTONIC COMMUNITIES

Seasonal fluctuations in the-plankton are greatest in regions where neritic larvse,
Or forms dependent on the bottom at some time of year, bulk large in the pelagic com
~U~ty, and in seas where the pelagic fauna or flora is largely recruited from extra-
lUlltal sources by ocean currents, which may vary in strength or in origin from month

JO month. In the Gulf of Maine the presence or absence of the various crustacean
.arvm, or of fish eggs, may govern the composition of the catch for the particular
season close in to the land, as examples of which I may cite the swarming of Balanus
~yprids near the Isles of Shoals (p. 44) and of haddock eggs on Georges Bank (p. 44)!
~oth in spring. This applies more generally to the North Sea, the Irish Sea, and the

altic than to the Gulf of Maine, where the communities of planktonic animals are,
as It whole) more oceanic; and since few constant or even regularly seasonal members
of the zooplankton of the gulf are immigrants, but nearly all of them are endemic, the
;asonal cycle of the plankton is a simpler problem for us than for students '0£ the

orth Sea region. It can hardly be emphasized too strongly that very few immi
~llnts, whether from the north, the south, or from the open ocean, penetrate the

ulf of Maine in numbers sufficient to color its plankton community (Sagitta
8e7'Tatoaentata is an exception, p. 58), instructive though the regular or sporadic
oc~urrence of animals of exotic origin may be for the light they throw on the sources
of Its waters. This question is discussed below (p. 51).

In the case of the pelagic flora, a very pronounced alternation of the prevalent
Planktonic types does take place from season to season, and one characteristic' of
tlorthern seas as a whole; viz, a tremendous flowering of diatoms in spring, giving
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place to a rich Peridinian flora in summer, which is succeeded in turn by the limited
flowering of diatoms in autumn, as described in the chapter devoted to the phyto
plankton (p, 383).

, No such seasonal alternation of dominance by one or other group takes place
among the planktonic animals of the gulf,however, though there is a. very pro,.
nounced oscillation in the total amount of zooplankton present there at different
times of year and in the abundance of its several members relative toone another.
Thus, we have never failed to find the Calanus community dominating the pelagic
fauna generally in the southwest part of the gulf, whether our trips thither were
made in ,the heat of summer, the coldof winter, in autumn, or in spring. Neverthe
less, even in this region the varying seasons of. reproduction of different animals,
which determine the presence or absence of their larvte and the abundance or scarcity
of the adults,with the local irregularities of distribution that always obtain for the
larger pelagic forms.radded to the general ebb and flow in the abundance of the
zooplanktonic community as a whole, cause such variationsfrom month to month as
appear in the following lists of the more abundant species in tow-net catches made
a,t the mouth of Massachusetts Bay in spring, summer, autumn, and winter. The
case is made still more complex by sporadic fluctuations in .the abundance of one
species or another, for which we are not yet able to account. ,

Tow-net catches at the mouth of M assachusettsBay
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The most striking event in the seasonal cycle of the zooplankton of the Gulf
of Maine (if a negative one) is that a very decided decrease, amounting on occasion
almost to complete disappearance of the pelagic fauna, takes place early in spring
Over the whole area of the gulf, coincident with the tremendous vernal flowering of
diatoms (p, 385) ,an event the precise date of which varies locally and from year to
year. The quantitative aspect of this change is discussed elsewhere (p. 82), but it
also exerts an adventitious influence on the qualitative composition of the plankton,
for with all its members sharing in, the impoverishment, the rare as well as the com
Illon, the less abundant forms practically disappear and the scanty catches become
extremely monotonous.

We first observed this impoverishment in Massachusetts Bay during the late winter
and early spring of 1913, when the zooplankton fell to so Iowan ebb, quantitatively, as
the, water began to warm from its winter minimum, that the total volume of the
Catch of a net about 1.2 meters in diameter, towed for half an hour at 40-0 meters on
March 4, was only about 15 cubic centimeters. In this catch an occasional Pseudo
calanus elongatus, 12 Sagitta elegans, 9 Tomopteris catharina, an odd Euthemisto,
and some haddock eggs were the only variants detected among the Oalanusfinmar
chicus, of which the general mass consisted. On April 3, following, the net yielded
only a fewdozen copepods, one Euthemisto, and two Clione,with a fewunrecognizable
siphonophore bells and Balanus nauplii; while the catch of planktonic animals
Illade on April 14 was no more varied (a few Calanus, one Tomopteris, one S. elegans,

.one Beroe, one young Staurophora, and a few Balanus nauplii) , whereas the wate;r
'Was thick with diatoms on both these occasions.
. Subsequent experience during the spring of 1920 has shown that this vernal
~Illpoverishment of the zooplankton, which takes place to a greater or less degree
In the upper strata of water over the entire area of the gulf, is especially characteris
tic of the coastal belt and of Georges Bank, where it culminates in March. It in
volves no qualitative alteration in the plankton, however, for the spring community,
sJ>a~se, though it. be near land, is of essentially the .same t~e as the more abundant
,Pelagic population of midsummer, with the same groups and species (notably Oalanu,s
!~nrltarchicu8) predominant. Practically all the common, oceanic animals of mid
;sUIllIller except Sagitta eerraiodetuaui,whichis a seasonal immigrant (p, 320) ,may be
f0';l?d,represented in late winter and spring, if a sufficient mass of plankton be ex
~lllllled from any given locality in the' gulf, though many are so rare then that the
net is more apt to miss than to catch them. Winter adds few extralimital visitors
to the local pelagic fauna, never (in our experience) enough to give a distinctive
aspect to the plankton. . ' . , ,
" .' The essential qualitative unity between the zooplankton of summer and that of

SPring niay be illustrated by the horizontal hauls off Cape Elizabeth on March 4,
~~o (station 20059), which yielded Oalanus finmarchicus (dominant), Sagitta elegans,
uh'JIsanoess~ inermis, Th. rasc'hii,haddock and plaice eggs, Pleurobrac~a, and Toinop
tt8.cathanna, although the water was then so barren that the vertical net caught
oothlng at aU(p. 82). The typical boreal fauna was' stillmore fully represented
dn the same day off Penobscot Bay (station 20057), although the plankton was hardly
enser there numerically, viz, by O. finmarchicus (dominant), Pseudocalanus,
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Euchreta, Sagitta elegans, Eukrohhia, Euthemisto of both species, Clione, Limacina
refroversa,Tom.opteris, Meganyctiphanes, Thysanoessa inermis, andTh. longicaudata.
This is a list that might be expected in summer or-autumn, and the same was true of
the hauls made in Massachusetts Bay during the winter of 1912-1913, mentioned
above (p. 39). The planktonis as uniform, qualitatively, from season to season ill
the deeper parts of the gulf as the following table shows for ,a. location in the western
basin about 30,miles offCape Ann. " ,

Zooplankton in the west'ern basin, various months

[D. domlnant; X. occurred]

,! March J

Febru- April. May. June,
taw' statlon station station

sMf Station Station 20115' 10267' 1021l9
20087 10510

July. August Decem-
station bar,
10007 Station Btatlon Station s1~~~n

10088 10254 10307

'---'----'-----I---------~,-'-'-------,-'-'----
.Calanus finmarchicus•• •__c._____ D D D D 1) 'D', D D D D D
~Illadus ~yperb~reus-t···~--··;---·- • ----.--- X X X -.------ --.---.- --·X----- ---X----- "-X--m ~"
':Jeulg!JllllnU~'e onga us_ .•__• •. __._____ X X ••••• '
M:~rldi: I~~~~~~::··---;·~-----·-- m __ .m_•• _ X IX, X X X X
E h t g gi ---.----------.. -.-----••--.--•.••--.--- .-~----. -----... B ---D'" _..x··· --·X'·'
'AUC IIlIIlnorve tf'----C'----;'---- X D, X D X X X X X X •• _••••_

~~~~~~~~~~~~~~:.::====:=::=: ~~~::~~: -'-5('--; :::::::: ---;•• - --;~..; ::::::,:,: :::::::: ~ ---X--- X •• - .••--
T:ganYCtlPb!llleS norvegteac, ; •• X X, X X m_____ X X X X .-------
ThYSllnoossa inermis .••• __ •c__ X, X. X .•_.•__ • • ••• X X ,X X ......-
ThYSIlnOesBlllonglCl!Udata c.., X X •__ m._ m __• __ .. om (7) X • m
E y:nl!llssa gregaria; •• __•• : __.____ ' " .. --- •• - .-----.- -------- .------••------- - ..----. X --'X""- .c •• ,.-~,
EU~hemisto compresSIl···__ ;·----c~· .• X: .____ • • X X X , X .----•••
'Lf iemtstc bl~PIDOSIl•• ~ ••••• --------' ----.--. -----.~- -----.-- .------- --.- ••• - X -..x·-·clFaCllia retroversa__ u __ ._._______ _ .___ X • •__••••••. .____ X X

one maema •• __ .___________ X X X XI .• X ._•• _... _•• _._.. -•••••••
Sagittll elegans •.• __ . • ••

m
•• _ X X X X X X D X X X X

'~Illl!ttaserrlltodentata•••• -••• - •• ,.- •__•• ••.•••.• • ._ ......__ • _••• __ •• X X --......
E~tllhnl~rn----.--------.---•.----•••--.--. X .-----.. X, ---•• --- ••• ----. ---.-.-- X X .----.• - ·--X···

o 1ahamata, _••• -- •••,.,. __ • X X Xi • • • • -.--.... X "","" X
TOFopterls catharina..__ •••__•• _••• m;__.. m. X X" X'" :::::::: :::::_:_ X m __m .m_. __
Jig a~tha digltale_.'-~•• _ _••••• , X" X X " X •• --.--••, •••• -- Xi •••••••• -••• -- •• ···X-,·---

ero cuoumls. •.• ,-n.n----r-___ X X .• •.__._. X •• • ..---.-.
~~fat~~mmilt;,.n··••i:-•••-::.---- ...,., •••••••• •••••••• X .----... •••• X ,X X ._. __ .n X

Q gu dum ._.. .. X X -------- ------ ....

Broadly speaking; our ,March hauls have paralleled those made in midsummer
in the relative importance of the several groups or animals in different parts of'the
gulf, as well as in the qualitative composition of the catches. ,', Thus, Pleurobrachia
was dominant on German Bank both on March 23 andonApril1~, 1920 (stations
20085,and 20103), justas it, usually is in summer and autumn, and its area of abun
dancee+tended from, abreast of Yarmouth, on theuorth, to the shoals off Cape Sable,
to the south; on both these visits. .Dnboth these spring visits there was a second
center of abundance for Pleurobrachia on Browns Bank, where our June, and July
towshave yielded only,an occasional specimen; but although the, area of abundance
for Pleurobrachia in this general region was more' extensive in, NfaI'Gh I1nd 'April,
1920, than we have found it in, summer, these ctenophores were less plentiful in
actual number; nor hadthey so thoroughly exterminated the other smaller animals.
for we found the German,Bank-Cape Sable' swarm, accompanied. by copepods in
fair numbers on the April. visit, besides barnacle (Balanus) nauplii(inabundance),
Sagitta elegans, euphausiids, Euthemisto, and' Tomopteris. ' ,
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. Similarly, the spring cruise of 1920 suggests that S. elegans may be expected to
rrval the.copepods in abundance over a large part of Georges Bank in February,
~m:Ch, and April, just as it does in July; for it was a large element in the catch at a

atlOn on the southwest part of the bank on February 22 (station 20046), on the
northeast part on April 17, and had been so plentiful at a third station on the eastern
p~rt of the bank on March 11 (station 20066) that the CI glass worms," with a great
~ Undance of haddock eggs. dominated the catch (fig. 19). In short, Georges

auk is apparently a center of abundance for S. eleooms throughout the year (p. 310),
~ndthe presence of.a shoal of large Limacina retr:Wersa on the northern part of the
1auk on March 11, 1920 (station20065)"reproduced our experience of July 20,
914, though the exact localities in question were about 80 miles apart.
. Late in the winter and early in the spring the scanty zooplankton of the gulf is

~hiefly. com~osed off~ly adultanimals,~ fact ~.ade evident by th~ p~ed~minantly
~ge SIze of-its oalanoid copepods and.Sagittse, giving.the catches R. distinctive aspect
:~n compared with those of July or August. . The recrudescence which charac-.
erizes the advance of spring results primarily from the local propagation of its
~ev~ralcomponentgroups, not of replenishment by immigrants from any extra-.

lUital source. This has been proved byrepeated observations. ,
1 In Massachusetts Bay this vernal augmentation is earliest apparent at stations,

~fiose in to the land, in the, shape of a sudden appearance of hosts of copepod nauplii
13 gs. 27 and 28)., This event commences some -time late in March off the mouth of
( ost?n Harbor, for we found few nauplii there on the 5th of that month in 1920
bst~tlon20062), .but.ienubundance.ofthem on the 5th .of April (station 20089),
\T:~ldes many copepods in the older larval stages. As. the season advances this:
n na~" Wave of reproduction on the part of the copepods spreads seaward; and the
l~uPlil:appeared -inmultitudes at the mouth of the bay during the last half of April,
01L2~where we had:found only. an occasional copepod-egg, nauplius, or juv~nile
\T" arch 1 or April 9. In 1920 the swarms. of Iarval.copepods, together WIth the
inRl'lOUS other Iarvee that appear about the same time,produced a decided increase
l' ~hevolume of animal plankton present in the water of the Massachusetts Bay
;.glOnby the first week in May. .Thiswas our experience in 1913, also, when W. W.
s elsh found the water in Gloucester Harbor reddened for areas of about a square yard,
ee\Teral yards apart,with what. proved to be swarms of copepod nauplii and young
pOpepods on May 3. The peak of production of copepods, however, is so soon
thssed .in Massachusetts Bay that our nets brought back proportionally more of
ea:uOlder j~veniles and fewer naupl.iioff Gloucester on May 16, 1~20, than12 days
co er, While the hauls off Magnolia, Mass., on May 17, 1913, yielded only a few
:€Jepod naupliibutan abundance of the later stages (chiefly Calanus, with some

l'yte:rnora), besides many crab larvse in the zosa stage.
th Tbe vernal replenishment of the zooplankton follows much the same course in
co; Coastal belt immediately north of Cape Ann as in Massachusetts Bay, with a few
lti\Tepod nauplii among the swarming diatoms off the mouth of the Merrimac

, t~e e1' as early as March 4 in 1920 (station 20060). The nauplii were again noted
1'e On April 9, and on May 7 hauls made close by with the closing net yielded
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nauplii (besides copepod eggs), larval Anemones; and young Staurophora down to
30 meters, overlying a sparse adult Calanus-8agitta-Pleurobrachia community in
the deeper strata of water.

Ther'e is some evidence that the wave of reproduction of copepods continues to
spread offshore with the advance of the season until it covers the southwestern part
of the gulf generally; and it certainly endures later into the spring in the open gulf
than in Massachusetts Bay, for the presence of naupliishowed that in 1920 these
little crustaceans were breeding actively from Cape Cod to Georges Bank as late as
May 16 and 17. In the spring of 1915 nauplii were abundant on the surface
off the Cape, with older stages deeper down,as late as the 26th of the month (station
10279), although they had been almost entirely replaced by the older larvee and by
half-grown Calanus (fig. 29) as early as the 4th of that month off Gloucester (station
10266). Similarly, the presence of copepod nauplii in the sink off the Isles of '
Shoals on May 14, 1915 (station 10278), coupled with a decided increase in young
copepods between April 26 and May 14 to 16, 1913 (Bigelow, 1914a, p. 407), though
with diatoms still abundant there on both these occasions," suggests that copepods
do not begin to multiply this faroffshore.until well into May, although repro
duction is under way more than a month earlier than this inshore off the Merrimac
River. . .

We have no evidence that the coastal waters east of Penobscot Bay ever see a
local reproduction of copepods comparable to the waves of production just described
for Massachusetts Bay.

As to local production ofcopepods 'along the eastern (Nova Scotian) side of the
gulf, I can onlysay that our hauls near LurcherShoal on March 23 (station 20082),
and again off Yarmouth, on German Bank,and near 'Cape Sable on April 13 to 15,
1920 (stations 20102, 20103, and 20104), yielded nauplii and older larvalcopepods
in some numbers, which probably marks the beginning ofa period of active propaga
tion, for in 1915 we found both nauplii and the older juvenile stages of Calanus
plentiful on the surface of the eastern basin nearby on May 6. ,

The vernal wave of production of these little crustaceans reaches its apex by the
end of May or the first of June in the northern and eastern parts of the gulf, for we
found a typical Calanus plankton reestablished off Boothbay (station 10280), in the
Fundy Deep (station 10282),·and off Mount Desert Island (station 10284) by May
31 to June 11 in 1915.

An important problem in the natural economy of the gulf is how far the vernal
augmentation of the zooplankton of the offshore parts of the gulf-say, outside the
100-meter contour-s-is due to localpropagation there and how far to a migration of
the copepods out from the coastal zone where they are produced in such enormous
numbers. To answer this question definitely demands a more critical study of our
towings than opportunity has yet allowed. One thing 'is clear; however. None of
our offshore hauls at any season has ever y-ielded copepod nauplii or the later larval
stages in numbers to compare with their abundance in Massachusetts Bay, It is
equally suggestive that in May, when the coastwise copepod plankton is juvenile,'
large Calanushave invariably been an important element in the total copepod catches
in the deep basin, just as is the case in summer, which points to the coastwise waters

Ii In 1913 they were diminishing in numbers locally by that time.
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of the gulf, especially its southwestern part including the Massachusetts Bay region, as
the chief source of the copepod plankton of its center. ,It is probable, also, that
Georges Bank is an important nursery for copepods, since nauplii occurred in some
numbers among the adult calanoids off its northern slope on .. March 11, 1920
(station 20064) . i -. : ...,'...

The vernal increase in the numb~rsofcopepodspresent in the Massachusetts
Bay region,and wherever else rsproduction ta,kes place actively, is many .times greater
than the bulks of the catches might suggest, the production of young coupled with
the dying off of the parent stock giving the copepodplankton of the coastal waters a
juvenile character in spring with relatively few large adults.. Thus, there were only
about 8,DOO adult Calanus per square meter among some 500,000 copepods, mostly
young Calanus, off Gloucesteron May 4, 1915 (station 2006~),-that is, a little.1ess
than 2 per cent. ·.Mter the peak of production is past, however, and with the growth
of its product toward maturity; the percentage of largeOalanus and adults of other
species once more increases, until they form about one-third of thecopepod popula
tion at the mouth of Massachusetts Bay by the end o,f June or first week in July
(Bigelow, 1922, p. 136). During the late summer, when the stbck of copepods of all
species and ages dwindles, adults may locally amount to as much as one-half or two-
thirds of the total (fig. 30). :

Coincident with' the vernal propagation of copepods various young medusee
commence their period of pelagic existence, as, for example, Staurophora, which ap
pears in swarms in Massachusetts Bay in May; Although we have never found young
medusse more than a minor factor in the zooplankton of the gulf outside the outer
headlands in spring, they often dominate inclosed waters for a brief period in May.
This, for instance, was the casein Gloucester outer harbor on May 3, 1913, when
Sarsia tubuZosa, Bougainvillea superciZians, Rath7cea bZumenbachii, Tiaropsis dia
demata, Obelia, and Staurophora were all abundant, and lEquorea and Cyanea
tolerably common-all of them, no doubt, liberated close at hand, and certainly very
recently, for none was found there a month earlier. We.also. found. young hydro
medusse swarming in the harbor of Yarmouth, NO'\Ta Scotia, in May, 1915, and this
probably applies to similar situations all along the complex coast line of the gulf from
Cape CO<l to Cape Sable; also to the shallow waters of Georgee Bank, where young
Hyboeodon and Staurophora are sometimes sufficiently plentiful to "color" the tow
in April (Bigelow, 1914&, P: 414). .' , '. .

The larvse of echinoderms, worms, and ,mollusks of many kinds likewise
appear in the plankton along shore in spring.. Most. of these, in. fact most of the
pelagic animals of coastwise origin, are confined to estuarine situations in the Gulf
of Maine, to sounds and bays among the islands, or to a coastal belt only a. few
miles wide at most, as noted above (p. 32), and hence may be passed over without
further comment here. The early stages of the common rock barnacle (genus
Balanus), however,. are so abundant and so conspicuous that they deserve a word of
mention. In 1913,' as I have elsewhere described (Bigelow, 19148.), barnacle
nauplii 20 were taken in large numbers in the Isles of Shoals-Boon· Island region 21

, '0 Here let me correct an error in an earlier paper, namely, that " barnacle" eggs were taken in the tow in March and April of
11113 (Bigelow, 11l14a,p,'lOS). Barnecle eggs are not set free to float, butare nursed' 'by the motner until thenauplll,hatoh out.
:Foraooountsand figures olthe early stages 01DaiapusseeUlllck,lllOll. .. ..' . . .', ' . .... . .

II No doubt young barnacles are as common In Massachusetts Bay as in any part of the gulf, though somehow we have chanced
to miss their season there,
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on April 5; the cyprid stage in abundance on the 9th, with only a few nauplii;
while by the 19th cyprids alone were taken. These dominated the surface plankton
during the last week of April, after which their numbers diminished, though some
persisted in that region until mid-May.

The reproduction of barnacles is at its height at about the same season along the
eastern shores of the gulf, for their nauplii occurred at all our stations over the
shallows from Yarmouth to Browns Bank on April 13 to 15, 1920-abundantly in
the North Channel (station 20105; fig. 24). At St. Andrews, in the Bay of Fundy,
where because of the violent tides the surface waters warm slowly in spring, barnacle
Iarvee (either nauplii, cyprids, or both) are recorded by Doctor McMurrich in his
plankton lists as early as the last week of January, regularly after mid-February,
reaching their maximum abundance during April, occurring in diminishing numbers
until June 8, and occasionally still later in that month. In 1917, according to Willey
(1921), barnacle nauplii dominated the plankton at St. Andrews on April 7; nauplii
and cyprids in subequal numbers formed nearly the entire catch on May 1; and
cyprids alone on the 17th. The season is about the same for them in the Irish Sea.

The spring season, likewise, sees striking additions to the plankton of the coast
wise and shoaler waters of the gulf generally, in the shape of buoyant fish eggs.
Haddock eggs in particular are produced in such numbers locally during March and
April (which is the height of the breeding season) that they may be a considerable
element on the more prolific spawning grounds, such as the eastern part of Georges
Bank, the neighborhood of the Boon Island ground, and locally in Massachusetts
Bay. The extremely characteristic eggs of the plaice (Hippoglossoides platessoides)
appear early in March (that is, slightly later than those of the haddock) and are taken
until mid-June, with the height of the spawning season during April and May.
Rusty-flounder (Limanda) eggs are first seen in the tow toward the end of April,
most numerously in June and July, and rarely as late as mid-September. The
spawning season of the witch flounder (Glyptocophalus) likewise follows hard on
that of the haddock. Spring is the season most prolific in fish eggs in the Gulf of
Maine, but they are seldom numerous except in the immediate vicinity of the spawn
ing grounds, or anywhere over the central deeps. of the gulf, outside the 100':'meter
contour."

The most obvious effect of the very active reproduction of copepods just
described, coupled with the scarcity of most other planktonic animals in the offshore
waters of the gulf at the time, is that soon after its inception the zooplankton in
the more productive centers of propagation becomes almost pure copepod; and,
whether by local breeding or by drifting out from the coastal belt, as seems more
likely, their numbers so multiply offshore as the water warms with the advance of the
season that they overwhelmingly dominate the pelagic community of the whole
gulf north of a line from Cape Cod to Browns Bank in May and during the first half
of June. Since, furthermore, the other planktonic groups of animals that assume
faunal importance later on in the year (e. g., Sagittre, amphipods, euphausiids) do
not commence multiplying actively until later in the season, it is during late spring
and the first weeks of summer that the zooplankton of the upper 100 meters (empha-

.. For the chief spawning grounds and breeding seasons of Gulf of Maine fishes see Bigelow and Welsh (1925).
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sizing this depth limit for reasons which will appear presently) of the offshore parts
of the gulf is the most monotonous.

Although our records for this season are not' all that might be desired, it seems
certain that copepods (Calanus in particular) reach their high-water mark early in
June, the exact date varying locally and with the forwardness of the season. So
completely did the calanoids (chiefly O. finmarchicus) monopolize the upper strata
of water right across from Cape Cod to Cape Sable during May, 1915, that the only
other animals to be found among a liter of copepods off Cape Ann on May 4
(station 10266) were a few Sagittaelegans', one young fish, two tiny Euthemisto, a
few euphausiid larvre, and a few fish eggs, with the zooplankton of the western basin
(station 10267), where diatoms were still swarming, so monotonous that a haul from
85 meters yielded nothing but copepods and one Tomopteris. Nor was the catch
more varied in the central deep (station 10269), only one euphausiid, one Euthemisto,
six or seven large Clione, and an occasional Limacina being detected among the
copepods in the 85-meter tow on May 6, while we found only a few Euthemisto,
euphausiids, and Sagittre, with an arctic planktonic element to be discussed else
where (p. 59), among swarms of copepods in the eastern basin on that same day
(station 10270).

In that year (which was apparently a typical one) the plankton of the upper
100 meters was as monotonously calanoid in June as it had been in May. In the
Grand Manari Channel, for example, on the 4th (statioll 10281), the 50-meter catch
consisted of copepodsvaried only by 1 Euthemisto, 2 Clione, 1 Aglantha, 1 young fish,
1 fish egg, 2 Sagitta elegans,anda single specimen of 'I'omopteris. Much the same
condition prevailed in the Fundy Deep on the 10th (station 10282); likewise near
Mount Desert Island on the 11th (station 10284), when a cursory examination of more
than 2 liters of Calanus and other copepods in the 70-0 meter haul revealed only
One Clione and a single Sagitta as the sole variants. On the 26th of June, too, the
upper strata of the western basin were similarly occupied by a calanoid plankton
in extraordinary abundance (about 40,000 large Calanus per square meter).

In the western and northern parts of -thegulf, wherecopepodsmonopolize the
water more completely at their peak season than' they do the deep basin offshore,
it is an unusualevent for Sagittre, amphipods, euphausiids, or pteropods, etc., to
be ofany importance in the plankton in spring or early summer, with the notable
exceptions of the swarms of theeuphausiid shrimp Thysanoessa raschii near the
Isles of Shoals in April and May, 1913, and (with its relative, Th.inermis) on April
9, 1920 (station20093) , described below (p. 145); with the exception, too, of Meganycti
phanes, which is so plentiful in the northeast corner of the trough off Grand Manan
that we captured no less than 172 liters there on June 10, 1915 (station 10283), in
half an hour's haul at 100-0 meters, and-of Pleurobrachia, which swarms on German
Bank in May and June just as it does in summer (p. 19). Even where copepods so
dominate the contents of the net, however, that nothing else strikes the eye at the
first glance, a more careful examination of the catch will reveal some fewamphipods,
euphausiids, Sagittre, etc.

June 19 is the earliest date on which we found large Euthemisto in any abundance
in 1915 (eastern basin, haul from 85-0 meters, station 10288). The interesting
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hydnoid medusa Mitrocoma.cr,ucirJ,ta. reaches ,'maturity during ..this same month,
when it may appear near shore in numbers sufficient to give a distinctive aspect to
the tow, as was the case at:the mouth of Penobscot Bay, on June 14, 1n5 (station
lQ287p.348). For the sake of clarityI should point out, at the risk of repetition
(p, 389), that .diatoms still swarm along anarrowcoastwise belt east, of. Penobscot
Bay in -Iune.

,The advance-of summer (from June on) sees an. actual decrease in the number of
copepods, owing, no doubt, to the destruction wrought among them by fishes and
other enemies(p. 97)., In part this decreaseis made good by constant.reproduction,
evidence of which was afforded .by an abundance of, copepod nauplii: near Cape Cod
on July 8, 1913 (station 10057, surface), on July 7, 1915 (station 10300), and on
August 29, 1916 (station l0398).;likewise by the presence ofIarge.numbersofjuvenile
Oalanus 2S between Cape Ann and the Isles of Shoals in July, 1912., The offshore
banks also serve asa copepod nursery in July-at least 10callY'-for copepodeggs,
nauplii, and juveniles abounded on the surface near Nantucket Lightship on the
25th of that month in 1916 (station 10355), while the presence of young Oalanus
at various stages in development in most of the summer towings proves that .this
copepod breeds more or less regularly throughout the summer. Our experience,
however, does not suggest that sufficient reproduction takes place during the warm
months to maintain the local stock ofcalanoid copepods against depletion by the
many dangers to which it is jubjected.

As copepods dwindle in numbers the other groups of common boreal animals
increase, lending an.increasing diversity to the plankton of the offshore parts of the
gulf during the summer, most noticeably. in the western side, where the plankton
is most monotonously calanoid in May and June, thus producing the midsummer
state already described (p. 17). Events notable in this-gradual ialteration: area
great production of Euthemisto, resulting from local centers of reproduction such
as I have just mentioned (p. 20); the active propagation of euphausiids (po 20); a
general penetration toward the western and northwestern shores, of the Gulf on the
part of the pteropod Eimacuuiretrouersa (p. 119) ; the appearance of shoals of the white
and red jellyfishes (Aurelia and Cyanea): in the coastal belt, as they disperse. and
drift seaward from their estuarine nurseries. (pp.360,362) ; the presence of large Stauro
phora, -often in abundance (p.342); and the offshore swarming of the hydroid medusa
Phialidium languidum (p.350). It is during the summer, too, that the large and,
conspicuous arrow...worm Sagitta serratodenuua first appears in any number in the
gulf as a visitor from warmer waters to 'the south and east outside the edge of the
continenti and spreads its range northward and westward as described elsewhere
(p.p22). Thecopepodpopulation, also, becomes diversified as the summer advance
by increasing numbers of Anomalocera and Centropages, not only within the gulf
but also on Georges Bank, where the former (which we did not find in spring) is
practically universal and comparatively abundant in August." The ctenophore
Pleurobrachia pileus reaches its maximum 'abundance on the German' Bank, ground

"Identified by Dr. C. O. Esterly.
II The "green copepod"of Doctor Kendall's fteldnotes.
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and may almost completely monopolize the water there during thesummer.. In June
and July, too.rthe eggs or larvee, or both, of sundry summer-breeding fishes, such as
silver hake, rosefish, cunner, and witchflounder,appear in the appropriate parts
of the gulf to take the place of such spring spawners as the haddock and plaice.

As summer passes into autumn Sagitta serratodenuua continues to spread west
ward right into MassachusettsBay(p.322). The hyperiid-amphipod genus Euthemisto
likewise works inshore in September and October, so that it is more.numerous in
the bay then than at any other time of year, and Pleurobrachia may swarm locally,
notably off the coastof eastern Maine and at the mouth of the Bay of Fundy. It
is during late summer or early autumn, too, that Phialidium is most plentiful and
that Salpre and other tropical forms (p. 53) are most often encountered in the gulf.

Hand in hand with the autumnal cooling of the surface, the small Phialidium
languidum disappearsfirst and then the larger scyphomedusre, either dying at the
close of their natural period of life or being destroyed by the fury of the autumn
storms. The large, blue copepod Anomalocera likewise vanishes from the waters
of the gulf (p, 184). On the other hand, ctenophores may be locally abunda:nt until
well into the autumn, witness the swarms of Pleurobrachia that appeared' off Cape
Cod during October, 1916 (p. 367); and the small brown copepod Temora lorigi
cornie becomes so plentiful locally near the land at this season that it, dominated
the surface catch off Cape Ann on October 31, 1916 (station 10399), whena.sample
of the copepods consisted of over 100 Temora with but 2 Centropages and 1 Calanus.
Doctor McMurrich, likewise, found Temora most regularly and in greatest.,a.hun~

dance in October, November, and the first half of December at St. Andrews '(p,289},
but in the open Gulf no definite seasonal periodicity has been established forit (p.'289).

Centropages was the most numerous copepodon the surface off Cape Cod in
November, 1916 (statiop,,10404), but all our deeper hauls in autumn have been
dominated by Calanus , Pseudocalanus, and Metridia, with Euthemisto of both
species, Sagitta elegans,Meganyctiphanes, Thysanoessa, and Limacina. In fact,
they have paralleled the community characteristic of sw;nmer. So few of the bot
tom dwellers of the Gulf breed in October or November that their larvre are practi
cally nonexistant in the plankton at that season; but the presence of juvenile Calanus
in the western basin on November 1 (station 10400), of young Aglanthaand young
Sagitta elegans, of eggs probably referable to the latter, and of an abundance of small
as well as large Limaeina off Massachusetts Bay at that time (stations 10399 and
10403) proves that all these pelagic animals reproduce in the Gulf during October,
though probably not in, any great abundance.

I have already pointed out that no general alteration takes place in the zoo
plankton of the Massachusetts Bay region during late autumn and early winter, for
our tows gave us much the same yield off Cape Ann at the end of November.andin
December, 1912, and in January, 1913/5 as is to be expected there in August"Sep,;,
tember, or October-that is, Calanus dominant, with such other copepodsasPseudo
calanus, Metridia lucens, Centropages, and Euchreta; the chretognaths, SagittaeleganS
and occasional S. serratodentata; Euthemisto compressa and E. bispinosa; the common

/I These hauls are described in an earlier report (Bigolow, 1914a, p. 404)

75898-26--4
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boreal pteropod Limacina retrouersa; and the ctenophores Pleurobrachia and Beroe.
This also applies to tow-net catches at 12 stations between Cape Cod and Yarmouth
(Nova Scotia) for the midwinter of 1920 and 1921, listed below. These lists vary
somewhat from station to station, as is always to be expected, but there is no charac
teristic qualitative difference between the western and the eastern stations, the
Calanus community (and chiefly O. finmarchicus) dominating the same general
assemblage of boreal animals as occurs in summer at the localities in question.

Location, date, and depth of hauls

Species I Off
Boston,

Dec. 29,1920,
station 10488,
16-0 meters

Off
Cape Ann,

Dec. 29,1920,
station 10489,
76-0 meters

Western
Basin,

Dec. 29,1920,
station 10490,
240-0 meters

Off
Cape Cod,

Dec. 30, 1920,
station 10491,
126-0 meters

Off the Off Isles of
Merrimac, Shoals,

Dec. 30, 1920, Dec. 30, 1920,
station 10492, station 10493,
20-0 meters 76-0 meters

X

Acartla elausl.,__ • ._. • • __ .. X X __ .___________ X X X
Calanus f1nmarchicus_;___________________ X X X X X X
Calanus hyperboreus •• • -------------- --.----------- X__ ._._. ------X--·----· ---"--X"--'" --'-"X-'-"--'
Pseudocalanus elongatus__________________ X X
Metridialonga • ._______ X X .______ X X X
Metridialuceus.. .. X X .. X X X
Centropagestypieus .___________ X X .. • ... • __.. __ --------..---. X
Euchmta norvegica • .. .. _. ._____ X
Meganyctlphanes norveglee •• • h_.. _ X
Thysanoessa inermis .. X

Thysanoessalongicsudata • __ • ------.-..--.- -••• ---------- X -------c----- :::::::::::-_-_: -_-_-_._-__.-__-_-_--__-....Euthemisto compressa "________ X
Sagitta elegans,.. __ .---._. ._. __ • __ •• __ X X X X X -- •__ •__ •
Eukrohnia hamata .. •• .-------.-.--- ----..----•• -. XX -----·X---·---· ·----·-X-.. ---- -------X-----·-
Limacina retroversa .... .. __ .___ X ._.... ._
Clione limacina ._•• _. • • __ ._ 1 2 3 .________ 1
Tomopteris cstharina_._. • • ._. .. •• __ 1 X ------.---- ... ------------.- ---- • __
Aglantha'digltale, .. _.. . ••_•• __ • •__ .. X X ------. __ .. .. •••••
Pleurobrachia pileus.__._ •• ••• ,_ n............ X 1
Bero" cucumis__• .. • • ,"__ X X ... X
Stephanomia....._._••• m.__ ... __..__ .._. X X X X

Location, date, and depth of hauls

Species I Off Cape
Elizabeth,

Dec. 30, 1920,
station 10494,
76-0 meters

Off Seguin
Island,

Dec. 31, 1920,
station 10495,
60-0 meters

Off Matinl·
cus Island,
Jan. I, 1921,

station 10496,
100-0 meters

OtT Mount
Desert,

Jan. 1, 1921,
station 10497,
50-0 meters

Fundy Deep,
Jan. 4, 1921,
station 10499,
160-0 meters

Off Lurcher
Sheal,

Jan. 4,1921,
station 10500,
60-0 meters

AcarUa elausl, _.• ._ X X • __ ••••••_ X X .- -•••••
Calanus flnmarchieus , , ••• •• X X X X X X
Oalanus hyperboreus, ••••••• __ ~_ ••• __ __ ._._ •• _. ._. __ • X X X -- •• -••• -. __..
Pseudocalanus e!ongatus ._.____________ X X X X X ------ .....
Metridialonga. ...__ • __ - • • __ ._ X X X X X X
Metrldlaluceus • m • X X X X -'---"------- X
Centropages typicus , • • • .. X X X -.--------.--- X

EMuchmtat~ohvegica------.----------------- -------X------- -------------- X x3 ~ Xleganyc.p anes norveglcs_______________ .. .. • __
Thysanoessalnermis.. .____________ X .. X X X
Thysanoessa Ionglcaudata .________ 1 ._. .. .. ._ ------------- __•• •

i~r~:~mr~{~r;;:~::::=:============== :::::::~:::::: ============== ============== :::::==i:==::: ~~~~~~~~~~~~~ . .1... _Sagitta eJegaus._._•••• __.... • ••• X X X X X 1
Eukrohnla namsta., . __ .. _.___ 1 .. 1 1 X • __
Llmacina retroversa.v.__ ••. •__ ...__ .. __.. ••_••_ X X X _.__ n_ ••_.__ • X
C1ione limacina ~_,•• __ ..__ ._._ •• _._. ..... __ .. _ 1 1 7 ----- •• ......._... •
Tomopterls catharina • •••••••_._. 12 1 • •• __ .. 4 n_.. .n_.

~f::'~g:a~h'~t~i~eiiS: ::::::::::::::::::::: :::::::::::::: :::::::::::::: :::::::::::::: ------X------ X
Baro" eucumls.; ,_.. ...._.. ---- -----.--.-- .. - -.------. • ...... _.. ----··X-····- __ ._. ...__ .
Btephanomla.; ._. ,. __ .. ----.. -------- -----.--- .. __ • .___ X

I For complete lists of the copepods at these stations see p. 304.
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The winter plankton of 1920-1921 differed from that of 1912-1913 in the rarity
of the amphipod genus Euthemisto, both species of which not only occurred regularly
during December, January, and February, 1912 and 1913, but usually in consider
able numbers. Sagitta elegans, though it occurred regularly, was also far less
numerous in the midwinter of 1920-'-1921 than at that season in 1912-1913, when it
Was an important factor in the tows made in Massachusetts Bay from December
until February. Whether these differences were actually the result of annual fluctua
tion in the stock of these two animals present or whether both are normally more
abundant in. Massachusetts Bay and its vicinity than in other parts of the gulf in
winter remains to be learned;

Other features of the winter plankton of the gulf worth mention are that the
buoyant eggs of the American pollock (Pollachius virens) appear in greatnumbers from
November until February over its restricted breeding grounds; that cod eggs are to
be expected throughout the winter (Bigelow and Welsh, 1925,p.424) if the nets be
towed near where the fish are spawning-seldom otherwise or in large numbers; and
that some few copepods (probably Calanus) continue to reproduce right through the
cold season, for their nauplii were detected at most of our December-January
stations of 1920 and 1921, most plentifully in Massachusetts Bay. Euthemisto, too,
must breed then (though probably in small numbers) to account for very young
specimens taken off Gloucester on December 29, 1920. In this connection I may
also call attention to numbers of large Oalanus hyperboreus (5 per cent of all the cope
pods) among a very rich catch of O. finmarchicus in the western basin on December
29, 1920 (station 10490, p. 304), and of Stephanomia bells in the eastern basin and
in the shoal water off Yarmouth (Nova Scotia), which was nearly barren otherwise,
on January 5. On the other hand, the arrow-worm Sagitta serratodentata vanishes
from the gulf sometime during late winter, our latest seasonal record of it being for
January 16, 1913 (off Gloucester).

Judging from the tow-net hauls made during 1913, the zooplankton of the
Massachusetts Bay region continues decidedly uniform in composition throughout
January and February, when the successive hauls reproduced. one another with
monotonous regularity, until early in March, when the quantity of animal plankton
present in the water decreased to its annual minimum (p. 39) coincident with the
vernal augmentation of vegetable plankton described elsewhere (p. 385), a change
SOon followed by the wave of reproduction on the part of the copepods which I
have just discussed, It may safely be assumed that. this is equally true of the
northeastern part of the gulf, for although, unfortunately, we have no plankton records
from its outer waters during the period January 9 to February 22, Doctor McMurrich
found Oalanusfinmarchicus and Pseudocalanus, with Temora longicornis and the neritic
.copepodgenus Acartia, the chief animal constituents of tow-net catches during this
season of the year at St. Andrews.

The seasonal planktonic cycle in the deep waters of the gulf below 100 meters
calls for separate discussion, because the Euchreta community is largely below
the reach of the wide fluctuations of temperature to which the inhabitants of the
shoaler strata of the gulf are subject. Data on this for the early winter consist of
two tow-net hauls, one from 240 meters in the western basin, December 29, 1920
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(station 10490), and the other from 150. meters inthe eastern basin on January 5,
1921 (station 10502). On the former occasion the only members ofthe Euchseta
community detected among a great abundance of large Oalanus.finmarchicus. and
Oalanus hyperboreus (p. 304) were a few Euchreta and Eukrohnia: on the latter date the
whole catch was extremely scanty (not over one-tenth liter), consisting chiefly of debris
of the siphonophore genus Stephanomia, with Calanus and other copepods, among
which there were a few Euchreta, Meganyctiphanes,Thysanoessa in(Jrmis,Th.
longicauda,ta, Sagittaelega7!:s,pteropods(Limacinaretro,versa) ,two Eu~hemi8t,o C01n

preesa, but none of the deep-water chretognaths. These haulssuggest that ~. decided
impoverishment of the deep-water plankton takes place during, the au~w;nn, but
this may have been accidental. The Eucheeta. community probably persis,ts .unal
tered in qualitative composition throughout the winter, aswidespread over the deep
trough then as it, is in summer, judging, from the. following catches made.with .the
closing net in the central and eastern parts of the, basin on March, 2 to 3, and in the
Fundy Deep on March 22, 1920. ,

X
:~

22
X
12
1

.1
1
X,
11

20+

[D, dominantt.M, many; X,occurrehcel

Station 20052 Station 20053,1Statjon 20055; Station 20079,
Central bBSin' southeast I' east-basin," . Fundy; Deep,

160meters' part, 175 180to 140 180meters
" > • meters. . .meters: '. :

S~cieS

; In open-net haul from 200nleters.

Occu.rre~ceo/ch~racteristic animals in the Eastern Basin, various localities and monihs i
• , > ' • rD, domin'\lnt; M, many; X; ~ccurrencel >

" Locatton, date, and depth 01 hauls,

>.
" StationsStation Station Station Station Station Station Station Station

Species' . , 20081, ' 20086, 20112, 10270, 10288, 10246, 10093, 10310; > 10500 lind
140:-0 150:-0 200:-0 150:-0 200:-0 150-0 170:-0 175-lJ 10502,

meters, meters; meters, meters, meters, meters, meters, metets, . 150:-0
meters,Mar.22, Mar. 23,> Apr. 17, May 6, June Ul, Aug. 12, Aug. 12, Sept. 2,

~an.4and1920 '1920 1920 . 1920 1915 1914 1913 1915· 5,1921
. --------------------~--'~'-

Calanus lInmarchlcus,________ ,:,,-'_ D D D D D 'D D ,D
"

DMctrldla lueens ____________________ -_ .. ~._--- ---------- X "c·-M---- X X XEuchlllta norvegiea ________________ X X X D

I
M X M X

Meganyetlphanes norveg!ca_______ D D X M X M X ----X---' XThysanoessa, various species_______ X X X X X X X
PBSI~hllla---. -- ----. -.- ----- --- ---- X -----_ .. _~~ X ........ _...~ "··x---- ................. XEut emisto compressa _____________ X X ........ - ...... - .. X X _................
Euthemlsto bisE::!Jsa--.---n----,-- ----X---- ........ ~ ....... ----X---- X X XTomopterls cat nna__ n __________ X X ----X---- X .................- XSagitta elegans___________ n _. ______ X X X ~ ...... _...... ........ ~ ....... X ....................Sagitta maxima... :. ________ •______ X X X ..... __.- ....... _.- ......... " X. X ,'X ----X-···Eukrohnia hamata __ -- ____ -------- X X X ...... __ ...... ._-_..._... X .X XLlmacina retroversa _______________ .... - ....... ~-~_.._...~~ -~_._~ .....- X, X X X 'X ..-_ ...............Cllone Itmaclna, _______________.. __ X X X X _____ n ___ 1_ -- -- - ----

~--~~_.~.. ....._..~ .....-Berotl______________________________ X X X X ::::::::::\-...x---- X .....................AiUantha ___ n _____________________ X ..... -...~~~ ..~--_.----- -_......_--_ ..

I For further lists of the copepods see p 297.
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A similar community (notably Euchreta and the deep-water cheetognaths) also
occupied the deeper-water layers in the western basin in February and March, 1920
(p, 40), and deep hauls made there and in the southeastern 'Part of the basin that
April gave much the same yield. Judging from hauls made in 1915, however, the
deep-water chretognaths Eukrohnia hamata and Sagitta maxtmd, disappear altogether
from both the western and the northeastern deep troughs in May, not to reappear
there until August," a phenomenon interesting for its bearing on the lines of
immigration ofthese twospecies,neither of Which breeds in the gulf,and as evidence
of the seasonal fluctuation of the bottom current; But it is possible that they
persist in the southeastern deep and in the eastern channel.

It is probable that the Euchreta community-of the western basin is at its lowest
ebb in May or June, for if theeuphausiid shrimp Meganyctiphanes norvegica was
not wholly wanting there during those months in 1915, it was at least so rare that
the nets did not chance to pick up any specimens, although it was plentiful in the
eastern trough at the time. Meganyctiphanes repopulates the deep waters of the
western side of the gulf by midsummer, however, for we have found it there at all
our stations for July and August (p. 151), and the mammoth copepod Euchseta
norvegica is as constant, though not as abundant, an inhabitant of the deepest
waters of the gulf, season in and season out,as Calanusis of the upper strata.

IMMIGRANT PLANKTONIC COMMUNITIES

Besides .the endemic boreal animals. so far discussed (chiefly .the Calanus com
munity), which are the most important members of the animal plankton of the Gulf
of Maine, various immigrants enter it from time to time, as might be expected in
any maritime area where waters of diverse origin meet and mix, the details of such
immigrations varying with the ocean currents that give them birth and in which
their participants normally pass. their existence .

•According to their ad~ptability to .the temperatures. and. salinities which they
meet.iri the gulf, these involuntary visitors exhibit every degree of success as col
onists, from inability even to survive for more than a few days or weeks to perfect
success in existing, growing,and breeding. . The majority,however,. occupy a middle
ground-s-able to live and grow to large size in the gulf but not to reproduce them
selves there because of unfavorable temperatures or salinities, orat most breeding so
seldom that their continued presence in the gulf depends absolutely upon successive
waves of immigration from outside. Associated with their essentially exotic origin,
most of these immigrants are decidedly seasonal in their appearance within our
limits. . . .

To place .clearly before the reader the faunal status of such wanderers, I must
emphasize here, (what is perhaps the most essential factor in the biology of all pelagic
animals below the rank of fishes, and a truism to the oceanographer) their utter
inability to carry out voluntary migrations of more than a few miles at most from
place to place by swimming, for want of a continuous directive stimulus, though
they often perform extensive vertical movements. The horizontal migrations of

.. Possibly In July, a month tor which we have but one deep station.
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planktonic animals, so often recorded and occasionally so extensive, are invariably
the result of actual and corresponding movements of the water masses in which they
live; Utterly at the mercy of tide and current, they drift as helplessly as.buoys with
the latter, able to escape from an unfavorableenvironment only by swimming up
or down in response to light or to gravity. For them there is no such thing as the
geographic migration in the true. sense, with which we are familiar among birds: and,
fishes.

It follows from this that to state the currents or the more diffuse movements of
water that enter the Gulf of Maille is to list the sources from which occasional.visitors
can reach it. These are, first, but least important, the surface stratum of tropical
water, popularly known as the Gulf Stream, lying close outside .the continental
edge, proverbial both for high temperature and salinity and for the tropical pelagic
fauna it carrieswith it, and which enters the gulf regularly, though in small amounts,
as a component of the general surface indraught into its eastern side, besides flowing
directly across Georges Bank on rare occasions. Second, and equally characteristic
both hydrographically and biologically, is the ice-cold water of the Cabot or Nova
Scotian current that flows past Cape Sable in considerable. volume in spring, carry
ing arctic inhabitants. Greater in amount than either. of these, though not always
so clearly characterized by its plankton, is the complex mixture between coastal,
northern, and tropical oceanic waters, which is constantly being manufactured
along the outer edge of the continental shelf and over the upper part of the
continental slope, and which composes the major part of the influx into the
eastern side of the gulf. To this the name "cold wall" has often been applied.
Finally, the mid-depths of the Atlantic basin contribute an occasional straggler,
which must enter via the deepest trough of the Eastern Channel. None of these
sources, except the third, adds appreciably to the gulf plankton, inwhich,asI have
pointed out, endemic animals are overwhelmingly preponderant; but so 'important
are the exotic forms as indicators of the respective waters that give them birth that
they deserve more attention than their numerical strength of itself would warrant.

Several of the commonest and most characteristic inhabitants of the different
ocean currents are among the largest and most easily recognized. For example, the
presence of a Salpa or of a bit of gulf weed (Sargassum) anywhere in. the Gulfof
Maine is as sure evidence of an actual influx of Gulf Stream water as if the latter
could actually be seen, and the same is true of the Arctic pteropod Limac1:na helicina
for northern waters. Note, also, that whatever the origin of an exotic immigrant,
whether Tropic or Arctic-or a~y driftage, for that matter-it travels the same route,
once it is caught up in the inflow into the eastern side of the gulf, a fact well illus
trated by the striking resemblance between the distribution (within our limits) of
the cold-water Aglantha, on the one hand (p. 353), and the whole category of tropical
organisms, on the other (fig. 31).. So close, in fact, is the parallel, that theone chart
might almost be substituted for the other, so far as the inner parts of the gulf are
concerned, were the seasonal element ignored. Immigrants in the upper strata,
whatever their source, rarely reach the central part of 'the gulf unless their numbers
be fortified and their period of existence within our limits lengthened by local repro
duction; but those entering in the deeper strata of water do follow the troughs (p. 64).
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TROPICAL VISITORS

The term "tropical visitors" is used here for such animals as are native to the Gulf
Stream and are able to survive only in its warm surface waters outside the edge of
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Fig. 31.-LoceJity records ror certain or the more typical planktonic animals or tropical or warm-Atlantlcurigtn. A, SalPlll,
•• ThVBanoesBa gregar/a; X. tropiceJ eopepods: 0, Portuguese man-o-war (Physalia): .... PhVBophora hvdrostatlca;
0. gulf weed (Sargassum); _. many tropical species

the continent, Others equally of tropical origin, but which find conditions more
favorable for growth (though not for reproduction) in the mixed water, are discussed
as belonging to the latter, for it is by that route that they enter the Gulf,
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Ever since the early eighties it has been lmown (from many collecting trips
carried on by the vessels of the United States Bureau of Fisheries from the laboratory
at Woods Hole) that the inner edge of the tropical water, carrying with it an extra
ordinarily rich and diversified tropical plankton, lies only a few miles south of the
100-fathom contour off Marthas Vineyard in summer, just as is the case farther west
and south. Hence, although actual records of the pelagic fauna and flora at this
same relative position farther east have been very scanty up to within the last few
years, there was no reason to doubt that a tropical community occupied the same
relative position along the slope off Georges Bank; while the deep-sea explorations of
the National and Michael Sere, of the Canadian fisheries expedition of 1915, and of
theinternational ice patrol (Fries, 1922), have shown that the same assemblage of
warm-water planktonic animals and plants characterizes the inner (northern) edge
of the Gulf Stream toand beyond the southern corner of the Grand Banks of New
foundland. It was therefore to be expected that any lines we might run seaward
as far, Say, as the 1,000-meter contour, would bring us into warm water, where our
tow nets would yield a tropical plankton instead of the boreal community charac
teristic of the Gulf of Maine to the north. And so it has proved, as the follow
ing brief notes on our offshore hauls will illustrate.

On JJlly 10, 1913, for instance, we saw fragments of gulfweed on the surface
near Naritucket Lightship, and the neighborhood of the stream was made evident
over the 150-meter contour to the south (station 10061) by "the presence of Salpee,
Phronima.tand theamphipod genus Vibilia, though the bulk of the plankton still con
sisted ofOalanus finmarchieus, with such other boreal forms as Euclueia norvegica,
Euthemisto, and Sagitta elegans" (Bigelow, 1915, p. 268). We had a similar experience
over the 1,OOO-meter contour, some 70 miles farther. east, about a week later in the
season the following year (station 10218), when we found the water of the high tem
perature 27. characteristic of the inner edge of the Gulf. Stream, more properly the
tropical water (p. 52)" with a typically tropical plankton including Salpajusiformis
and its relative genus, Doliolum; the tropical amphipod genera, Phronima, Yibilia,
and Oxycephalus ; the copepods Rhincalanus and Sapphirina; thecheetognaths Sagitta
enflata, S. heza/piera, and Pterosagitta draco; with the 11 species of tropical pteropods
and 19 species of tropical medusre and siphonophores listed below, and gulfweed
(Sargassum) floafing .onthe surface, as I have elsewhere noted (Bigelow, 1917,
p. 245).
Tropical pteropods and crelente;atestaken overih» continental slope off Georges Bank, July 21, 1914,

. , station 10218· .
' .

Species
60-{) . 300-0 400-0 speotes 60-0 300-0 400-0, meters meters meters meters meters meters

-- -- ----
Mollusks: Medus~Continued.·

.,

Llmaolna rangll, d'Orh...... __.• -------- ----... _- 1 lthopalonllXllll:fttnerarl\lill..........., .... X - ..----_ ..
Cresels eoniea, Esohsoholtz__..... -------- 1 Rhopalonemeivelatum:.......... X X .... __ .... _-
Cresels aeieula, Rang__ .......____

I~~~~~~.~~
1 Llrlope scutlgers..............:.. X --_ ..... ---

HyalocY!ls strlate; Rang .·.c ~••••• 1 Lirlope tetra\'bylla....................... .X -.-_... _-
Cuvlerlna cohimnella, Ranl!,., .. , 2 . M1aurahemlstoma. ............. X X .. ~ ...........

. Dlaerfa trlsplnosli;Lesueur::: .....'. '1 . ausltMe' pun'otata.............. X ........ - ..... ............ -
Cavolinalon~lrostrl8, Lesueur.... 1 Sipbonopbore.~ :
Cavolina uno nata. Rang ......... 1 ""i'" Hlppopodlus hlpPOPUS...... r» __ ......... X ..... _..__ ..
PeraoJe retloulata"d'Orb... __.... ....i--· Diphyes splralls.......:. __....... X
Corolla ealeeola, errl1l.......... 1 .

m~~~: ~~f:~~~~~:~:.::==::::: ...~...Flrololda desmarestla, Lesueur... 1 ... - ....... X
Pleurobranchca tarde, VerrilL ... 2 ............. D1pbyopsls dls~ar.......... __ .... X X ...............

Medusre: . Dlphyopsis ml m................ X X .............
StomotoCRpterophylla... __ ...... X X _............ Agalmaelegans.................. X X ..............
Toxorohls kellner!.. .............. X X . ........... AnthoRbYSa formosa...... '.,.... X .............. ...............
Laodlooa eructate................ X X - ..- ...... Physa la physalis__.............., X .._ ..... __ .. ... _.......-

11 Temperature 17.7°and salinity 36.04per mille at 40 meters; 20.48° at thc surface.
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Rather scanty catches atthesamerelativepositionon the slope 100 miles far
ther east on July 22, 1914 (station 10220), likewise included tropical animals (Rhin
calanus, a phyllosome crustacean larva, Phronima, Doliolum, and four specimens of
the warm-water pteropod Limacina rangii) as well as boreal, while the tropical ele- .
ment was similarly representedbyPhronima and Sagitta enflata in the plankton over
the slope off Marthas Vineyard a month later (August 26, stations 10260 and 10261),
although the catch was chiefly boreal (Bigelow, 1917, p. 245). In the cold summer
of 1916 the tropical water lay farther out from the edge of Georges Bank in July,
with the 50-meter temperature ranging from 4.85° to about 8° over the slope between
the 175· and 1,000-meter contours on the 23d (stations 10349-10351, and 10352).
Corresponding to this, the plankton along this zone was typically borealImuchthe
same as ill on the bank and in the gulf), Oalanusfinmarchicus dominating, withPseu
docalanus, Metridia lucens, Euchreta norvegica, large Euihemisto compressa and E.
bispinosa abundant (as is usually the case along the slope), Limacina retroversa,
Thysanoessainermis, Th, raschii,and Sagitta elegans. Indicative of the zone of mix
ture between coastal and ocean water was the fact that Sagitta serratodentata was about
as numerous asS. eleqane over the 200-meter contour (station 10349) and Nematosceiie
megalops at the outer station; but the only planktonic animals or plants to which a
tropical origin could safely be credited were a few Salpafuslformis at station 10349,
many at station 10352, a single Physophora hydrostatica (station 10353), a large
Pyrosoma (station 10352), and a few fragments ·of gulfweed (Sargassum, station
10352). Thispoverty of warm-water forms contrasted strongly with what we had
found there in July, 1914, listed above (p. 54). .

None of our three lines off Cape Sable (where high temperatures are separated
from the slope by a still broader wedge of cold mixed water) has run out far enough
to reach GulfStream.water. Neverthelesswe have taken Rhincalanus and Sagitta
enflaui over the 500 to 1,000 fathom contours in summer even there (station 10233»)
andhaveseen Physalia (June 24, 1915). No doubt the boreal forms would be left
behind altogether 'a few miles farther out to: sea along this line in summer also,
to give place to tropical forms on the surface and to typically oceanic plankton in
the shadow zone of the mid-depths. .

In winter and early spring it is necessary togo considerably beyond the 1,000
meter contour to find surface water as warm evenas 10° or tropical pelagic animals
in any numberaabreast of the Gulf of Maine. For example, on February 22, 1920,
the only representatives of this community in hauls made off the western end of
Georges Bank (station 10244) were an occasionalcopepod (Rhinoalanus) andamphi
pod (Phronima), with Phronima and the medusan genus Rhopalonema at the
correspondinglocation off Cape Sable on March 19 (station 10277). The tow off
the southeast face of Georges Bank on' March 12 (station 10269) produced no dis
tinctively tropical forms, but by May 17 of that year the Gulf Stream community
had again approached so close to the western end of the bank that our nets yielded
several Salpte, subtropical copepods (Eueheirella), amphipods, and medusee
(Rhopalonema) among the boreal organisms of which the bulk of the planktonqcon
sisted at the outermost station (20129).
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Tropical pelagic animals as conspicuous asSalpa and the Portuguese man-of
war. (Physalia), together with others less noticeable, are often carried close in to the
coasts of southern New England during the summer, west and south of longitude
70°, by sporadic movements of Gulf Stream water, with the topographic bight west
of Nantucket Shoals serving in particular as a trap for them, as the common occur
rence of Physaliaat Woods Hole and.the considerable list of tropical pelagic fishes that
have been taken there (H. M. Smith, 1898; Kendall, 1908; Sumner, Osburn, and Cole,
1913) bear witness. Occurrences of this sort are far less frequent east of Cape Cod,
however, and when invasions of the inner part of the Gulf of Maine by tropical
.planktonic animals do take place it is usually in the persons of but few individuals
and fewer species.

How slightly this tropical pelagic community encroaches on Georges Bank even
in midsummer, when abundantly represented only 15 to 20 miles seaward from its
200-meter (l Ou-fathom) contour, was brought forcibly to our attention in July,
1914, when only occasional warm-water animals or plants (e. g., Pterotrachea kerau
denii,Doliolum, Phronima, a phyllosome larva, and the tropical pteropod Oavolina
tridentata) occurred over the southern edge of the bank (station 10219) where the
plankton was otherwise boreal, in spite of the rich and varied tropical plankton
we have just mentioned (p, 54) as occupying the warmer water over the continental
slope only a few miles farther out.

Tropical pelagic animals have been found even more rarely in the inner parts of
the Gulf of Maine than along the offshore banks, as might be expected. In fact,
the euphausiid shrimp Tluieasioeesa gregaria (p. 142) is the only member of this com
munity occurring regularly there (but see, also, Sagitta serratodentata, discussed on
p. 320). Except for these, the complete list of tropical planktonic animals so far
detected in our catches in the gulf proper is brief. Among copepods the genera
Eucalanus, Dwightia, Eucheirella, Pleuromamma, and Rhincalanus may be so
classed, because all of them undoubtedly enter the gulf from the inner edge' of the
Gulf Stream, and, judging from their rarity, are unable to establish themselves in
its cool waters, though properly speaking they are oceanic-Atlantic rather than
typically tropical. The status of each in the gulf is given in detail in the chapter
oncopepods. The euphausiid shrimp Nematoscelis megalops, often plentiful along
the continental slope, appears only as a stray in the interior parts of the gulf (p. 146).
Salpre (perhaps the best tropical indicators of all) have been taken at a number of
stations, usually .represented, however, by few examples.

This was the case with Salpa fusiformisnear German Bank and off Lurcher
Shoal, August 14, 1912 (stations 10030 and 10031), though other scattered speci
mens were seen floating on the run from one station to the other. A few Salpa tilesii
were also taken in the tow near LurcherShoal, August 12, 1913 (station 10096).
Huntsman (1921) records five S. fusiformi« found on the beach at Campobello
Island (New Brunswick) in the autumn of 1913, and two S. zonaria taken in
that general region (probably near. Grand Manan). in 1910. On September 30,
HH2, Capt. John McFarland, of the fishing schooner Victor, to whom the Bureau
of Fisheries is indebted for other interesting tow-net hauls, made a large catch of
S. mucronata 25 miles off Chatham, Cape Cod; and fishermen reported great



PLANKTON OF TEE GULF OF MAINE 57

numbers -of large .Salpee (probably S. tilesii) in Massachusetts Bay in November
and December, 1913, which, so far as I can learn, are the only occasions when
Salpeehave be.enfound in such numbers within the gulf, though they are often reported
in abundance south and west of Cape Cod. Local swarms, such as this, probably
result from their very rapid asexual m.ultiplication (there is no evidence that they
can reproduce sexually in cool waters) in summer and early autumn (A. Agassiz,
1866).

The Portuguese man-of-war (Physalia), with its translucent float, is even more
apt to attract attention than Salpa, as it' drifts on the surface, and it is equally a
tropical visitor,' though at the mercy of wind as much as of current. We have.only
one record of Physalis within the gulf, viz, in the eastern basin, June 19, 1915
(Bigelow, 1917, p.246; a single specimen seen but not captured). In the summer of
1889, however..a year when Physalia was unusually plentiful off the coast of southern
New England,many were seen in the Bay of Fundy and several were taken near
Grand Manari and submitted to Doctor Fewkes for identification (Fewkes, 1889
and 1890). The only other tropical ccelenterates so far recorded within the gulf
are two examples of the siphonophore Physophora hydrostatica on German Bank
(station 10030) in August, 1912 (Bigelow, 1914, p. 103)/8 while the "Venus girdle"
(Cestum), a warm-water ctenophore, is known from off the southeast slope of Georges
Bank (Smith and Harger, 1874; Bigelow, 1914b, p. 31).

We have one recordfor a tropical pteropod (Limacina injlata) off Cape Cod on
July 19, 1914 (station 10213), while two living specimens of the pteropods Diacria
trispinosa and Atlanta, genera that are of warm Atlantic if not strictly tropical
origin (Meisenheimer, 1905), were taken in a haul near Gloucester on July 8, 1913.
The warm-water hyperiid amphipod Phronima sedentaria was taken on Browns
Bank on June 24, 1915 (station 10296), which, with a fragment of gulfweed near
German Bank (September 2 of that year), completes the list.

The geographical locations of these records, the most characteristic of which are
shown on the accompanying chart (fig. 31), and their dates prove that occasional
planktonic immigrants from the inner edge of the Gulf Stream may' be expected
anywhere in the Gulf of Maine at any season. Aside from Thysanoessa gregaria,
however, which may, perhaps, be endemic in small numbers in our waters, or which
at least is able to survive there for a long time if it does not reproduce (p, 143), and
omitting Sagitta serratodentata, which falls in a different category.(p. 58), there is a
decided preponderance of tropical records in the eastern part of the gulf, though
fewer hauls have been made there than in the western, a concentration, that is to
say,where the salinity curves locate the chief influx of offshore water. The great
majority of the records lie' in the peripheral zone corresponding to theantieIockwise
oceanic eddy that dominates the circulation of the gulf.

In spite of the considerable tropical list, we have never made anything that could
be called a tropical haul in the gulf or encountered a community of animals of warm
water origin there. In fact, most of the records are for single specimens; seldom has
the tow net yielded as many as half a dozen at anyone station, and, except for certain

28 Also taken alI,the southern tace of Georges Bank on July 24:1916,station 10352.
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. copepods (p. 56), never more than two tropical animal speeies-among the hosts of
boreal animals.

This scarcity of planktonic visitors of the tropical category within' the Gulf of
Maine and even over its shallow southern rim, when so rich a tropical surface fauna
inhabits the inner edge of the Gulf Stream along the outer edge ·of the continental
slope 'only a few miles without the 100-fathom contour, is fundamentally due to their
inability to survive or to reproduce in the low temperatures of the coast water.
Their -sporadic and solitary occurrence there, contrasted with the considerable
numbers and even communities of tropical planktonic animals that 'often drift close
inshore west of Cape' Cod, is explicable only on the assumption that the 'surface
waters of the Gulf Stream very seldom overflow the barrier formed by Georges Bank;
an assumption corroborated by the physical character .of the water. Nevertheless,
the Gulf of Maine does owe to the tropical water indirectly, if not directly, one
common and very characteristic summer visitor, the large cheetognath Sagitta serrate
dentata. This species, which is the dominant member of its systematic group in the
coastal waters south of New York, occupies a rather peculiar faunal niche in the
GuHof Maine, for while it breeds only in the high temperatures of the Gulf Stream
(so far as the area under discussion is concerned), great numbers drift into the cooler
mixture zone along the edge of the continental shelf, where they thrive and grow
to a much larger size than they do in the warmer waters farther offshore, either
because lower salinities and temperatures especially favor their growth (though not
their reproduction), or perhaps because of a richer food supply (p. 323, and Hunts
man,1919). As a denizen of this mixed water, S. serratodentatais swept in abundance
into the Gulf of Maine, where, because of its size and abundance, it is the most
prominent of all the exotic immigrants, though it never attains a more permanent
status there.

Owing to its peculiar relationship to oceanic temperatures, all the Gulf of Maine
records so far obtained for S. serratodentatahave been for large specimens, the locali
ties of capture indicating considerable longevity for it within -the gulf. It is strictly
seasonal in its presence there, however, being so rare in winter and early spring that
we have taken it only twice between December 1 and May ,1 ,viz, in Massachusetts
Bay on December 4, 1912 (station 10048), and again on Jan:uary 16, -1913 (station
10050). It appeara in the eastern side of the gulf as early as the first week in May
(p. 320, and Bigelow, 1917, p. 296), and by June it has spread generally over the
'eastern basin and into the Bay of Fundy as well as. over the outer edge of the shelf
off Cape Sable, and probably also all along the southern and eastern parts of Georges
Bank, where we found it in July, 1914. This species penetrates the inner parts
of the gulf so slowly during the early summer that in five years we have found it
only once in the western and southwestern parts prior to August L Thereafter,
however, it spreads so rapidly westward and southward along the coast of Maine
that our August and September records for it cover the whole northern half of the
gulf from Cape Ann right across to Cape Sable, including Massachusetts Bay, where
it occurs regularly in late summer and autumn.

The locations of the stations of capture and the fact that S. serratodentata is
usually more numerous in the eastern than in the western side of the gulf (p. 322) are
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sufficient evidence that its invasion takes placechiefiy into the eastern side and from
the southwest andsouth; that is,across the easternend of Georges Bank-and via the
Eastern Channel.' It is probable (as suggested by .Doctor Huntsman in. a recent
letter) that S, serratodenuua also comes to the gulf from the east,dI;ifting with re
current movements of 'mixed water along the outer edge of the continentalshelf off
Nova Scotia and.entering across Browns Bank or. through the Eastern Channel, but
there is no reason to suppose that any comebyway of.the Northern.Channel or around
Cape Sable across the coastal shallowsjinIaot, it would be verysurprisingto find any
warm-water species journeying along that route. .' ,

Our failure to find S. serratodentata .off Cape Cod inautumn, \although.Septem
ber,Octoher, and November-are the months when it is widest,sp:rea~in.the,northern

parts of the gulf, suggests that the individuals of the species taking part in the
successive waves of immigration inward past Nova Scotia seldom survive long enough
in the. eddy-like circulation of the gulf to journey much beyond Massachusetts Bay
in their 'circuit. Thefacttha,tspecimens from the outer edge of the continental
shelf have been much larger than is usually the case in the Gulf Stream, or in tropical
seas gen,erally;corroborates this view, forIt' indicates a considerable sojourn in the
cool bandof banks water on the part of S. eerratodenuua before it enters the Gulf of
Maine.

ARCTIC VISITORS

In the Gulf of Mahle the Arctic, like the Tropic, immigrants fall intwo categories,
depending' on whether they are able to survive for a considerable period and even to
reproduce to some-lextenb, ~here, or whether they find the high temperature of the
water so fatal that they SOQn perish. The latter group-most typically Arctic-e-has
not been represented within the gulf, in our midsummer, autumn, winter, orcarly
spring hauls except for an odd Mertensia" offPenobscot Bay on June 14, 1915'Cp.371),
though this ctenophore and the Arctic medusa Ptychogena lactea have previf>uslybeen
recorded in Massachusetts Bay and at Grand Manan in September CA. Agassiz, 1865;
Fewkes, 1888); but in early May of 1915 both of these cold-water ccelenterates, with
the large shelled pteropod Limacina helicina and the appendicularian Oilcopleura
vanlioffeni, which are equally characteristic of a northern origin, were taken in the
eastern sid~()f the gulf at localities where..te~pera~ure and.aalinitygav« clearest
evidence.of..an influx.ofthe.col<lN()v~tS.~o.ti~J;i.!v.~~~r Pt1st9!1Q~Sabl~in~C>.~11e.gulf at
the time (fig. 32)., Since each ofthese,species was represented by several specimens,
their capture just then and tnere can hardlybe looked upon as accidental.

'As! have'pcinted out elsewhere (Bigelow, 1917, p.. 248),'",the appearance of
the ArcticOikopleura in the gulf is especially noteworthy, since .,it has not. been
recorded previously-onthie side of the Atlantic south of BaffinsBay, though known in
European waters as far south as the Shetland Islands (Lohmann,' 1896 and 1901).
Thanks to',Lohh1ann's excellent descriptions and figures (1896,p. 72,'Taf.14, figs..6,
'7, and 10;'1901, p. '15; figs; 16 and 17),itis easily recognized, its chief difference from
'the c16selyalli~d O.labradoriensis being the presence of many small dendritic' chordal
d~lls.· t ts very large size (rump length upward of 4: millimeters) is likewise diagnostic,
while,the 'red margin of the taili makes it a conspicuous object in the water."

. '" Mcrte~sla occurr~d ~verthe outer half orthe continental shelrollShe'lburne:No~a Scotia. on Mar. 19. 1820 (p. 371).
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It was for only a brief period, however, that these Arctic animals persisted in the
plankton of the gulf during the spring in question, for none of them were captured
there during our later cruises (June to October) that year, except for the single Mer
tensia just mentioned; and although Mertensia, Limaeina, and Oikopleura van
hOffeniwere all present over or outside the continental shelf abreast of Cape Sable as
late as June 24, available data suggest that the planktonic species of this category
disappear, from west to east, successively, from the coast water between Cape Sable
and Halifax with the advance of the summer, as I have noted elsewhere (Bigelow,
1917. p. 249),

Whether the Gulf of Maine is annually invaded by these species is yet to be deter
mined, but what little is known of the. seasonal expansion and contraction of the
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FIG. 32.-Localities at Which certaln planktonic animals of Arctic origin were taken In May ~nd June. 1915. H, Llmaclna
hcUclna; M. Mcrtc1l81a ovum: 0, Olkopleura"allhDJJenl: p, Ptllchoqclla laclca

Nova Scotian current makes this seem probable. Nor does the fact that the more
delicate of the Arctic planktonic animals are scarce, if not absent, from the gulf in
any given summer mean that no such invasion occurred during the year in question,
for Mertensia (A. Agassiz; 1865) is extremely sensitive to water thatIs too warm.
And since,judging from my own experience, this applies equally to Limacina helicina
and to the Arctic Oikopleura, it is only while a direct and considerable influx of
northern water is taking place around Cape Sable into the gulf (distinguished from
the increment it contributes to the general inflowing drift) that they are likely to
appear in the catches of the tow nets. Consequently, failure to find them in mid
summer has no bearing on their presence or absence a month or two earlier in the
season,
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Judging from our cruise during the spring of 1915, they reach their greatest
abundance and their widest dispersal in the gulf some time in May. The localities
of capture, with what data are available on the currents at that season,suggest that
after they have once passed Cape Sable their general line of drift is westward toward
the center of the gulf, not northward along the west coast of Nova Scotia, which is
the route followed by most visitors from the south (e. g. by Sagitta serratodentata) ,
and that they keep near the surface. .

Alexander Agassiz's (1865) discovery of Mertensia and of Ptychogena in Massa
chusetts Bay in early autumn, of Mertensia in abundance at Eastport, Me., in the
early sixties of the past century, and Fewkes's (1888) record of the latter as plentiful
there in the summer of 1885 and at Grand Manan in July and August, 1886, are
contrary to our experience during the period 1912 to 1915; nor does Doctor McMur
rich mention Mertensia at all in his plankton lists for St. Andrews. It is probable
that such an abundance of Mertensia and its presence in the inner part of the gulf
so late in the season were the visible evidence of a greater influx of northern water
past Cape Sable than has taken place at any time during the past decade, and that
this inflow turned more northward toward the Bay of Fundy. Unfortunately,
however, no record was taken of the temperatures of the gulf during the years in
question, and, conversely, no collections were made of the plankton during the
abnormally cold summer of 1884.

The group of northern animals that better resist high temperature is repre
sented in our catches with some frequency by the two. calanoidcopeppds(Jalan'U8
hyperbore'U8. and Metridia Zonga, occasionally by a third large copepod, Gaidi'U8
tenuispinis, and regularly by. the naked pteropod .Olione bimacima (p.. 125). The
status of each of these in the gulf is discussed below. I need only add here, of
Metridialonga, that while it reaches the gulf chiefly as an. immigrant with the NOVa
Scotian water, it is able to survive. there for a considerable period .and to thrive
"amazingly in their wanderings," says Willey (1921, P: 194), speaking of the species
at St. Andrews, in the Bay of Fundy," if we may judge froIll.~heir store of oil." Prob
ably, as he suggests, most of them perish evennuallyin the gulf without leaving de- .
scendarrts, and thus, though the animals .concerned are. diametrically opposite in
faunal origin, the distributional status of this copepod within the gulf is analogous
to that ofSagittaserratodentata, the specimens that penetrate the gulf as driftage from
the north; surviving there long enough to scatter far and wide and to be picked up
in the tow net, .still flourishing though far, from CapeSable and long after they have
passed by it.

Metridia longacan not be looked upon asa regular annual visitor to the gulf,
for while it has been taken at many stations in some years, in others it has been
sought in vain (p.247). There is some evidence that in the years when it passes
West of Cape Sable in greatest number it succeeds in breeding to some extent in
the gulf, and the result of its longevity there, coupled with. this local reproduc
tion, is that in its years of plenty it becomes so widely distributed that the locality
records do not mirror its lines of immigration. and of dispersal. For further dis
cussion of this point see page 249.
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The In(1raft ofwater through the eastem channel and over the neighboring
parts of the banks is not only fairly constant in its physical characters butcarries
with it varivus planktonic 'aninials! a:F; characteristic'of this source as those previously
discussed are 'ofan Arctic or Tropic origin~' They include in their ranks,' however,
perfectly successful 'colonists; Which" consequently, are' also regularly endemic in
the gulf'(for example, thema~oth copepod-Eueheete, and the amphipod genus
Eutherilisto), as weH as species that evidently find 'the gnlf'aIcss favorable environ
nient than th~ salter and heavier, mixed water; as evidenced by their comparative
s'carcity~earshore and the' 'smaller size attained there at sexual maturity. ",Others,
to?; are included, whichare unablebo breed ~t all in the gulf; though they, may live
there for some time, in which respect they correspond to S. serratodentata, of the Tropic
group,atidto L. helicina" ofthe Arctic category. " , ' , '

, TJ;le irifluxof 'this mixedwaterinto the gulf being inoreor less continuous through
out, th(fY~!1-r, either vie, 'the two channels, Northern and Eastern; or' acr?ss,Georges
Bank, th.e mechanical' ~gency for replenishing the stock of visitors from this source
is 'always available, their life histories arid chiefly their seasons of reproduction
determining whether they are inevidence'inthe gulf at any given season of the year.

As ,I have pointed ,out, Tropic and Arctic visitors are brought into the, gulf
chiefly in thesuperncialwater stratum:}'but the whole column of water down to the
bottom of the deepest trough of!tneeastern channel-servesas a medium forthedis-'
persal of the immigrants entering 'with the 'mixed water, the precise" sailingroutes:"
(to borrow a nautical term) followed 'by its inhabitants depending upon the courses
of 'the inflowing water at' the different levels' at which they live. For themost in
structive animal index to the movements of the surface layers of themixed water,
because the most abundantand Conspicuous, wen,e~d only refer back to Saflitta
serratodentata (p. 58); for, although this chretognath primarily originates 'in' the Gulf
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Stream, it is not direct overflows or influxes of the latter across the offshore banks
that maintain the large stock within the gulf during its season of abundance, but
the general indraft of mixed water.

The euphausiid shrimp Nematoscelis megalops (p. 146), which is less common
than S. serratodetuaia in the inner parts. of the gulf but is equally characteristic of
the upper strata of water along the continental slope, occupies the same faunal
status.

The large and easily recognized chretognath Eukrohnia hamata (p. 328) is a
characteristic inhabitant of a lower level in the mixed water (say, below 50 meters),
though not of the deepest. Its faunal relationship is diametrically opposite to that of
its relative, S. serratodentata, for while it is widely dispersed over the ocean basins
in the mid-depths, it is only in the Arctic or at least in cold seas that it comes to the
surface regularly (Apstein, 1911). It enters the Gulf of Maine by the same route
followed by S. eerraiodenuua, but below it, and is equally unable to breed within the
gulf,sO though in its case this failure is because the temperatures it experiences there
are too high instead of too low.

The eastern channel entrance to the gulf is deep enough to include a part of the
vertical zone in which this species is most plentiful in the mixed water over the slope,
where it appears inconsiderable numbers between 100 and 300 meters as well as
deeper (p, 329, and Huntsman, 1919); hence it is not surprising that it should occur
commonly in our deeper hauls in the gulf though seldom on the surface. The vary
ing sizes of the individuals taken there suggest that it is able .to "carryonJ' through
out its natural span of life anywhere in the gulf below, say, 100 meters,though
unable to reproduce.

Our records do not show the migration routes for Eukrohnia as clearly as they
do for Sagitta serratodentata, because the former is a year-round member of the
plankton of the gulf. For this reason (coupled, as I believe, with longevity within
the gulf), it is to be expected anywhere withinour limits below 100 or 150 meters and
at any season, though the extreme southwest corner of the deep basin off Cape Cod
and also certain isolated sinks to which its access is more or less obstructed, may prove
exceptions to this rule. If all our records of Eukrohnia for all seasons are united,
however, there is a decided preponderance in the eastern, and particularly the ex
treme northeastern; parts of the gulf contrasted with its western side, not only in the
number of stations at which it has been taken but also in its local abundance, which
agrees with the general anticlockwise direction of the inflowingeddy. Thedistribu
tion of Eukrohnia (p'.'328) illustrates how closely its inward route follows the Eastern
Channel and. the slope of Browns Bank. Although Eukrohnia is. a constant con
stituent of the plankton all along the seaward slope of Georges Bank, the latter must
by its shoalness opposeanabsolute barrier to ,its dispersal, for, we have not found a
single.specimen at any ofour~tations on the bank at any season. :Consequently,
none of the Eukrohnia.thathave passed the mouthof the Eastern Channel as they
drift. westward can ,ep;ter .the gulf on their. farther journey. Finally, I ~ay point
Q~t;that the regularitYwi~h w~ch .Eukrohniaappearsin tJ;1e gulf is as g(?04 eviden~e

10 Although GulfofMaine specimens are oftenlarge,we have foundnone there with sexualorgansdeveloped.

75898-26--5
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as the salinity and temperatures that its native water is a large. if not the major
constituent of the inflowing current, for it is not abundant even along the continental
slope (p. 333, and Huntsman, 1919).

The cold-water siphonophore Diphyes' arctica, which occasionally, penetrates
t~ Gulf of Maine (p. 379), does so at about the same level as Eukrohnia (about 50 to
150 meters); and it is probable that, like the latter, it journeys with the mixed water,
in which we have found it over the slope off Shelburne both in March and in June
and off the slope of Georges Bank in July, but not along the Nova Scotian coast.
The Eastern Channel is, no doubt, the route by which it enters the gulf, judging from
the concentration of the localities of capture along the eastern slope of the gulf basin
in March and April, 1920. The ultimate origin of D. arctica is not clear as concerns
the Gulf of Maine, for while it was formerly supposed to havebeen one of the most
charactersitic of Arctic indicators, captures of it by the Gauss in deep hauls off Cape
Verde (Moser, 1915) suggest that it may also range widely in the cold mid-layers of
more southern seas, just as Eukrohnia does, and thus reach the gulf .from the inter
mediate depths abreast its mouth.

Sagitta maxima, the largest of localchretognaths, is perhaps the most useful
animal indicator of the deepest stratum of the water entering the gulf via the Eastern
Channel, both because its habitat iswell known offshore, and because it neither breeds
in the gulf norcan long survive there, being unfitted for.life in water of low salinity no
matter what the temperature (Huntsman, 1919, p. 4:33). S. maximaisso closely con
fined to depths of 150 meters or deeper, both in the Gulf of Maine .and in neighboring
parts of the Atlantic Ocean, that its presence anywhere-in the inner parts of the. gulf
is unmistakable evidence of the existence of an inflowing current then, or shortly
previousyand.close to .the bottom of the trough. The locality records for S.maxima
are concentrated correspondingly in the Eastern Channel, in its immediate, debouche
ment into the general basinof the gulf, and thence northward along its eastern trough
as far, as the Grand Manan deep, on the one hand, and in the deepest part of the
western basin, on the other. As might ·be expected from its faunistic status, S.
maxima is no more periodic (seasonally). than Eukrohnia in its occurrence in the gulf;
but although specimens drift in more or less constantly throughout the year, it has
invariably been. so 'sparsely' represented in hauls made Within the gulf, contrasted
With considerable abundance at 200 to 300 meters along the continental slope to. the
east and north, that theindraft can tap only the uppermost levels .of its natural
habitat offshore.at any season.

The lines of dispersal followed, respectively, by SagiUa eerroiodenuua, Eukrohnia,
and S. maxima within .the gulf correspond closely with the dominant-drift of water at
as many levels-e-that is, surface, mid;' and. deepest-c-as made evident by the physical
data afforded by temperature and salinityan.d by drift bottles. 'rhus, while S.
serratodentata not only spreads widely over the offshore parts of the gulf in its season,
it also sweeps right around the coast to Massachusetts Bay (which apparently seHres
more or less as a cul-de-sac for it, as it has for certain drift bottles' released in the
Bay of Fundy), and Eukrohnia has much the same distributionexcept that it)ives
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so much deeper that it is prevented from entering Massachusetts Bay by the contour
of the bottom, and, in fact, hardly encroaches at all on the shallow coastal belt
within the IOO-meter contour, Furthermore, the two agree in their scarcity in the
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FIG. 38.-'-Ohlef routes followed by planktoD.!oImmigrants entering the Gulf of Maine at different .levela ~\, Immigrants
at the surface; III, Immigrants at Intermediate levels; =. Immigrants at the deepest level

southwestern part of the basin of the gulf-that is, just where-the physical data, to b&
discussed elsewhere, locate the "dead water" in the anticlockwise eddy that occupies
the gulf, However, S. maxima, living in the deepest waters of the basin, must follow
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its two diverging troughs, in both of which there is a dominant though perhaps not
a constant indraft along the bottom, the result being that while its route parallels
those of the two preceding species in the eastern part of the gulf, it crosses below
them at a lower level in the western, an interesting phenomenon illustrated in the
accompanying chart (fig. 33). No doubt this applies in general to the three bathy
metric groups which these three chretognaths typify.

The possibility that visitors may occasionally penetrate the gulf from the mid
depths of the Atlantic basin below, say, 300 meters, deserves a word.

The successive deep-sea expeditions, from the Ohallenqer in 1872 to 1876 down
to the Michael Sas« in 1910, have found an abundant and varied pelagic fauna in
the Atlantic below the level to which strong sunlight penetrates. Generally speak
ing, the adults of this community live well below 200 meters (many of them chiefly
below 400 to 500 meters) and many of them are characterized by a peculiar coloration.
Thus, those dwelling so deep that red light reaches them feebly, if at all, often exhibit
a very dense pigmentation (Hjort, 1911 and 1912; Bigelow, 1911a), many fishes of
this category being black with phosphorescent organs, decapods dark red, and
medusee either of a beautiful, translucent, deep claret color or opaque chocolate,
tints quite unknown among jellyfishes in shallow water. This extreme development
of pigment is so characteristic of this whole faunal group that the latter is often
referred to as the" black fish-red prawn" community.

At a higher level (that is, in the zone between 150 and 500 meters, but neverthe
less below the reach of the wide diurnal fluctuations in illumination to which the
surface waters are subject) there exists an entirely distinct series of fishes of quite
different aspect, which as a rule are II laterally compressed, with a mirrorlike silvery
skin; when colored, the back is generally blackish brown, and the resplendent mirror
like sides of the body blue or violet. The eyes are large, very often telescopic,
and the body is provided with a number of light organs" (Hjort, 1912, p. 628).
They are accompanied by sundry medusse, which parallel them in their pale pigmen
tation but brilliant iridescence, as I have pointed out elsewhere (Bigelow, 1911a, p. 6).

It is a fortunate chance for the oceanographer that many of the bathypelagic
animals are so distinctively colored, because their presence in any numbers any
where in shoal water over the continental shelf would be the best of evidence of
an upwelling of Atlantic water from the mid-depths or deeper, a type of oceanic
circulation that has evoked considerable discussion as a possible factor in maintain
ing the low temperature of the coastal waters off the eastern United States. Conse
quently, the presence or absence of the black fish-red prawn community within the
G'ulf of Maine is a question of some moment, and it is in the hope of encouraging
others to keep a sharp lookout for it there that I have devoted the preceding lines
to the general appearance of its members. No doubt this planktonic community
is represented at the appropriate level all along the continental slope off the United
States, for it occurs generally over the whole Atlantic basin from high latitudes to
low. We encountered it over the 1,500-meter contour oft' Cape Sable on March 19,
1920 (station 20077), the following being a partial list of its more noticeable repre
sentatives in hauls from 500 and 800 meters: Several black .lantern-fishes (genus
Myetophum) ; a specimen of the curious deep-sea snipe eel (Serrivomer beanii),45
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centimeters long; S2 the wine-red medusa Periphylla hsmcinthina; 13 specimens of
its chocolate-colored relative LEginura grimaldii/ the iridescent medusre Halicreas
papillosum and Rhopalonema [umerarium; and many red prawns; side by side with
the chretognaths Eukrohnia and Sagitta maxima, the large copepod Euchcetanorvegica,
and the euphausiids Nematoseelis and Thysanoessa, besides boreal animals such as
S. elegans, Tomopteris, Limacina bolea, and Calanus.

Scanty though the catch just listed is, compared with the abundant pelagic
fauna that has been encountered by the NClttional, the Valdivia, and the Michael Sars
at many stations in the North Atlantic, and by the Albatross on many occasions
and in localities in widely separated parts of the Pacific, it is the only one in which
the black fish-red prawn community has been represented by more than an occasional
example even at our outermost stations, though We have towed down to 400 meters
or deeper at several other localities off the slope abreast of the Gulf of Maine in
February, May, June, July, and August. In fact, to complete our list of captures
of this category I have only to add two genera of fishes (Cyclothone and Myctophum)
and one red medusa (Atolla) from 750 meters off the southwest face of Georges Bank,
February 22, 1920 (station 20044); a few black fish and bathypelagic medusee
(lEginura) from 1,000-0 meters southeast of the bank three weeks later (March 12,
1920, station 20069) ; a scattering of bathypelagic fish (mostly juvenile Sternop
tychids and Myctophids) at our summer stations along the same zone off the. bank
in June and July, and off Cape Sable.

.With bathypelagic animals so. scarce in the cool water that washes the continental
slope abreast of the Gulf of Maine, and with both the Eastern Channel (the bottle
neck through which, alone, the deeper strata of oceanic water flow into the gulf)
and the basin into which it debouches considerably shoaler than the levels at which
they attain their maximum development offshore, it would be surprising to find
any of them in the inner parts of the gulf except as the rarest of stragglers.;, As' a
matter of fact, our cruises have yielded only two suchrecords-e-viz, one Oyclothone
signata 23 millimeters long on Browns Bank, station 10296, June, 1915, and amuti
lated specimen, probably of this same species, taken in an open-net haul from 180
meters in the Fundy Deep on March 22, 1920. Nor have other students been more
Successful in this respect so far as I can learn. Thus it is evident that members
of this community occur only accidentally within the limits of the gulf, for did they
enter the latter as often even as the tropical animals discussed above, they would
have been sure to attract attention in the tow net by their striking appearance.
In short, the plankton of the gulf receives practically nothing from the deeper layers
of the Atlantic at any season. Even the most temporary invasion on their part
would be so important an event, both faunistically and hydrographically, that
sharper and more constant watch should be kept for them in the gulf than their
rarity there would warrant otherwise.

The several Tropic and Arctic visitors and immigrants from the continental slope
touched onabove illustrate the less successful degrees of colonization, ranging from
utter failure in the cases of sporadic visits of exotic tropical animals and the equally

II For a description of this eel see Goode and Bean, 1896, p. 155, fig. 168. It Is not Included In the report on the fishes of the
Gult of Maine (Bigelow and Welsh, 1925), because the Iocalltles of record lie outside the limits covered therein.
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short-lived incursions by the more delicate Arctic forms, to the more successful
though equally temporary immigrations by animals that are able to survive under
the physical conditions which they encounter in the gulf and even to grow there,
but not to breed; such,for example; as Sagitta eerratoienuua. and Eukrohnia. The
next step toward successful colonization would be the ability to breed in the gulf in
small numbers or during especially favorable years, which would still leave the species
concerned dependent on immigration from prolific centers elsewhere for the main
tenance·of the local stock. In the nature of the case instances of this sort are difficult
to demonstrate without intensive and long-continued studies of the plankton, but it
is evident that the copepods Oalanus hyperboreu8 and Metridia longa both fall in
this class (p. 61); also the curious pelagic worm Tomopteriscatharima, the continuous
and rather common occurrence of which in the gulf and its wide dispersal there
depend 'chiefly on immigrants of northern origin (it is a north-boreal form), for
while it breeds'in the gulf in some summers it fails to do so in others (p.338). .It is
probable, also, that the large naked pteropod Olione limacina has this same faunal
status, breeding in sufficient numbers for the local production.coupledwith individual
longevity, to give it a uniform distribution over the gulf and so to obscure the routes
followed by the immigrants from colder waters east and north of Cape Sable; on
whose visits its continuous presence in the gulf equally depends (p. 127).

The amphipod genus 'Euthemlsto stands a rung higher on the ladder of pro
gressive colonization, for it neither breeds so abundantly (though it does so regularly)
in the gulf nor-grows to so large a size there as it does over the outer edge of the
offshorebanks-e-Georgesand Browns (p. 158). Local fluctuations in the abundance
ofanimals of this status throw no direct light on their waves of immigration, being
due,as often as not, to local centers of reproduction within the gulf itself 'and even
close up to the land, such as we have occasionally encountered for Euthemisto
(p.160) ; but greater abundance in the eastern part of the gulf than in the western,
especially if coupled with prolific centers of reproduction in the zone of mixed water
over the outer part of the continental shelf abreast olit (and this is true of Euthe
misto) , shows that the stock produced within the gulf receives frequent accessions
to its numbers from outside.

No doubt one or other member of the plankton might be found to represent
every.conceivsbleintergradation from litter failure to perfect success in colonizing the
waters of the Gulf of Maine (for all members .of the plankton are colonists iuthe last
.analyeis) were the known record sufficiently complete. The copepod genus Euchseta;
for example, may be taken as representative of animals that breed indifferently and
grow equally large along the continental slope, in. the Eastern Channel; and in
the gulf wherever the depth is sufficient, as proven by the occurrence of sexually
adult males,of females with large egg clusters, and of juveniles. For this copepod
the gulf basin is simply a diverticulum from its general geographic range. Most
successful of all are those that find a more favorable environment in the inner
parts of the gulf than in the waters immediately tributary to it, and it is to this
group that such members of the local zooplankton as the copepods Oalanus fin
marchicue and Pseudocolamue elonga,tus and the cheetognath Sagitta elegans belong. It
is true that most, if not all, the animals of this category have equally prolific centers of
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abundance elsewhere (chiefly totheeastward and northward), connected with the gulf
by a continuous zone of occurrence, but all of them 'are regularly more abundant in
the particular temperatures! salinities, densities, etc., that characterize the Gulf of
Maine than immediately outside it, whether to the east or the west or offshore.
Indeed, such multitudes of several of these species .< Calanus, especially) are pro
ducedthere that the small accessions which the gulf may: receive from the north
must be far outnumbered by the emigrants that emerge from it to journey either
northward along the.inner edge of the continental slope, on 'the onehand, .or around
Cape Cod to the westward' and southward over the outer part of the continental
shelf,· on the other;' It-is probable < that: the boreal winter plankton of the coast
water south of New York draws more from' this source than from local production."

MIGRATIONS OF PELAGIC FISH EGGS AND LARVl:E

. Oneof the ~()stinterestinga:q.d ecoI\onUc'ally important fields of study'to whic~
our Gulf 6CMaine exploratiops are ;introductory is the involuntarymigrations of
t4e early stages of fishes" with the effects of such journeyings on the fish population of
different part~of the' gulf.·.· " , . ..•. .,. , .
. . 'AllY in,fo:rma:tij)nobtainB.1>le on this,sl.lbject is instructivefromthepoint·ofvie'Y
of ~heJWgration()f.:the. planktonwithin thegulf, because, every bu()yant fish egg
floats}rom spawning untilhatching; wherever thecurrent,maycl1ITY it,ri~ing or
fa~4l~. vertically, ac(}or~ing .to specific gravity of tp.e waterqnly, with the young
larvre.equally at' the~er?y.of,tid(3 and current until afterth.e yolk sac is absorbed,
Even the older pelagic fryo~ IJfost fishesare hardly less helpless, so fara~ voluntary
horizontal. migration is iconcerned, .until they.8:t tain considerable size (some.species
become,contranat.ant-that is. turn toswim,aga,inst the, cummt-ata,n early ~tage),

eveIl: though thElY a,re able and do swipl up and down and' thus exercise.a,clloice. ()f
levelat,whicb. they live.' ,. .' '. .' . ! •

. Now 'the waterof the open sell, never being at rest (no area .aslarg~ as the gulf
lacks some dominant movement, if notadefinite currentcin one direction or another),
it follows that o~ly in the rarest instances does a fish hatched from a buoyant egg
ever grow large enough to descend to the bottom in the Precise localitY,'where the
egg th{tt gave itqi~th was sp~wned..• The ~r~ft during its pelagic life maY?8 onl! a
few miles if spawning occurs m~0:Ilfe bay or sound sheltered from the free circulation
of the seaby 01f:-lyiI;lg islan~s.; .it may, indeed,be almost niljn this case, should the
tidal currents in the. two directionsbe of .equal strength. Outside the outer head
lands, .however, the, journeyings .offloating fish eggs are, generally speaking, so
considerable that. theYl1reoften measured better by degrees,of latitude and longitude
than by miles. .Such, to quote only a couple of the more striking and better known
examples, is the case with the cod eggs. spawned south and west of Iceland, for most
of the fry.resulting therefrom drift right around to the north.and east coasts of .the
island before they seek the bottom (Schmidt, 1909). Off 'Norway, too,. cod eg~s

and fry have long beenknown to carry out long journeys with the current (Damas
1909B.; Hjort, 1914).. Indeed, o-vents of this sort are inevitable, given the indicated
factors of animals able to swim .but weakly, caught up in the set of any current.
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Extensive migrations of fish eggs and of young fishes, in fact of all the plankton,
are therefore to be expected as characteristic events in the Gulf of Maine with the
dominant anticlockwise eddy that governs its circulation-not their occurrence,
but their absence would cry for explanation. And so interesting is this question,
and so directly does it bear on the practical problems of the fisheries, that it deserves
passing notice, even granted that we can not yet outline the travels of so much as a
single species of fish in the gulf.

No matter how little related the various species are, it is justifiable to consider
as a unit all fishes that are subject to similar influences during their pelagic lives, the
precise routes they follow at this early age depending not on themselves but on the
locations and times of year where and when their eggs are spawned, in relation. to
the circulation of water in the gulf, and on the duration of the pelagic stage as govern
ing the length of time during which they drift before they abandon this nomadic life
for a more stationary habitat on or near bottom. Several of our gadoid and
flat fish are particularly suitable for such a combined survey, because while they do
not spawn on precisely the same grounds or at just the same seasons, cod, haddock,
silver hake, and such common flounders as plaice,dab, and witch, agree in breeding
only in the peripheral belt of the gulf and on the offshore banks, seldom, perhaps
never, in its central deeps outside the 200-meter contour. As the composite chart
(fig. 34) shows, buoyant gadoid and flatfish eggso£ one kind or another have
been found all around the coastwise belt of the gulf, Iikewise widespread On Georges
and Browns Bank, the richer clusterings of egg records mirroring the greater number
of hauls made at particular localities r.ather than any demonstrable preponderance of
eggs as compared with the intervening stretches.• If there were no dominant drift
of current in one direction or the other, but only the tide to disperse the eggs in these
shoaler parts of the gulf, the distribution of the larves would simply parallel that of
their parent eggs; but year after year and voyage after voyage we have come to see
more and more clearly that such is not the case, but that the young pelagic stages
of the cod and flounder families are much less plentiful in the northeastern corner of
the gulf than in its southwestern waters in general or in the Massachusetts Bay
region (fig. 35) in particular. .

The considerable number of towings carried out along the coast of Maine from
spring until autumn, in1915, fairly rule out the possibility that the discrepancy in
distribution between eggs and fry is only apparent and results from an imperfect

record. To suppose that the same nets would catch young fish in Massachusetts
Bay and as consistently miss them off Mount Desert and to the eastward is absurd;
nor ca~ the depths o.f the hauls be made responsible, seeing that we have towed at
various levels,surfa.ce to bottom, as well as vertically, at many stations along the
coast. A difference of this sort between the locations where the eggs are spawned
and where the resulting larvee are to be found is not a novelty, for Petersen (1892)
long ago reported a precisely similar phenomenon for Danish waters. In short, I
am convinced that the scarcity of larval and post-larval fishes in the one corner of
the gulf as contrasted with their abundance in the other is real.

It is, of course, possible that the northeast part of the gulf is so ill fitted for a
fish nursery that only a small proportion of the pelagic eggs spawned there ever
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hatch or the resultant .larvee survive. The researches. carried on during the past
few years at the Canadian Biological Laboratory at St. Andrews point unmistakably
to the conclusion that few if any floating eggs of any groups of animals hatch success-
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FIG, 34.-LocslIty records for buoyant flounder (pJeuronectid) and gadoid eggs combined (a dot for each record of each
species), 1912 to 1922

fully in certain parts of the Bay of Fundy, this being particularly true for chretognaths
and fishes (Huntsman, 1922; Huntsman and Reid, 1921), As evidence of the un
suitability of the bay as a breeding ground for fishes with buoyant eggs, Huntsman
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(1918, p. 65; 1922) offers the extraordinary rarity of the larvee, for example, of the
plaice (Hippoglossoides), witch (Glyptocephalus), cod, haddock, hake (Urophycis),
or pollock (Pollachiu8 virens),although the adults of all of these are plentiful there;
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FIG. 35.-Loclllity records torflounder (pleuronectid) and gadoid larva- (a dot toreach record ot each species) to Illustrate
the probable drift ot buoyant fish eggs and larval tlshes'

all, in fact, spawn in the bay, for .eod and plaice eggs have been recognized there
in the plankton (Huntsman, 1922), and floating fish eggs of some species were noted
by Doctor McMurrich as occurring occasionally during January, February,April,
and early May, and regularly thereafter until the end of August at St. Andrews.
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Taken 'by itself, the absence of larvee, contrasted with-the presence of eggs, could
as well result from adrift of the latter out of the bay before hatching-e-such, indeed,
as the circulation of water would call for-as from their failure to hatch locally or of
the 'larvre to survive. But there are two objections to this view,to my mind unan
swerable; first, that larveeand young fry of these several species are fully as rare along
the eastern shores of Maine-that is, in just the waters into which the outflow from the
bay debouches-c-as within the latter; second,that the drift into the southern entrance
of the bay would naturally bring with it gadoid and flatfish eggs from the shallows
off western Nova Scotia. Some of the cunner (Tautogolabrus) larvee produced in
St. Marys Bay, which Huntsman (1922) has found to be an important site of repro
duction for this fish, must likewise find their way into the Bay of Fundy either around
Brier Island or through the passages; but so few of them survive the conditions they
encounter in.theBay of Fundy, that none have been recorded from all the winter
arid summer towing which has been done from' the St. Andrews station.

Most of the common fishes that do succeed in breeding in large numbers in the
bay lay demersal eggs; for instance, the severalsculpinsICottidse), the Iumpfish
(Oyclopterus), the rock eel (PhoZis' gunnellus) , the winter 'flounder (PseudopZeu:..
ronecie« americanus) , and the herring. The rosefish (Sebastes) and the eelpout
(Zorrces), w:hichar? vivipar.ous, .prod~ce ;youngfar advance.d in development. .' '

! I , The evidence Just summarized justifies the hypothesis that while young fish
I ~ttlild in the bay from demersal eggs, Or such as are far developed as to size and

r • ~'1 t ihatching, thrive there, most of the very small and helpless 'larvre produced in'j.. Yfrom pelagic eggs, 01' which enter it as immigrants from the south, perish.
.... , 42 '; we may speak ofthe Bay of Fundy as a deathtrap to buoyant eggs and larvee
drL' "g northward-along tho eastern shores of the gulf,and it contribntes none of
these to the coastal watel'S to the westward. Even the very abundant stockof young
hEllTing produced about the mouth of the bay (notably at Grand Manan) do not
spread far-to the westward, Huntsman having found that they soon become contra
natant and begin to work back against the current, which takes them-out of the
planktonic category. .' .

An.understanding of the causes that prevent successful development in the
bay would make it possible to estimate the probable suitability, from east to west',
of the waters along the eastern coast of Maine, where eggs are certainly produced
in some abundance but where few Iarveehave been taken. Huntsman (1918) suggests
the violent tidal stirring in the hay as responsible, by preventing vertical strati
fication of the water. The low .surfacetemperature may also be an effective check
to species such as the cunner,which spawn in high temperatures. 'Neither of these
factors, however; would seem likely to interfere with the successfulbreeding of late
autumn, winter, or spring spawners-the American pollock and the haddock, for
instance. Further light on this interesting question, to which our own work has
contributed nothing, is to be expected from the investigations now being carried
out at St. Andrews by the Biological Board of Canada.

From Mount Desert eastward the coastal belt of the gulf more and more closely
approximates the Bay of Fundy hydrographicaUy, owing to the iIlCreasing strength
of the tides and the consequent.. activity of tidal mixing. Correspondingly,
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the general neighborhood of Mount Desert Island is the most easterly location
along the northern shores of the gulf where we have found gadoid or flatfish eggs in
any numbers.

.The rather uniform transition in the state of tidal mixing, with its consequent
effect on salinity and temperature, which characterizes the coastal belt from the
Bay of Fundy to Casco Bay, indicates an improvement from east to west in condi
tions for buoyant fish eggs and larvee; but outside the outer islands aa salinities and
temperatures vary so little from Penobscot Bay westward and southward to Massa
chusetts Bay, especially during winter and spring when most of the more important
gadoid and flatfish species spawn, that there is nothing in the physical state of the
water to suggest one part of this zone as notably more suitable for their successful
reproduction than another.

With the dominant set of the water tending to drift all fish eggs and larvse
produced along the northern shores of the gulf toward the west and south, and with
few or no .accessions coming from the east to the coastal zone between Mount
Desert and Cape Elizabeth because of the sterility of the Bay of Fundy in this
respect, tows there might be expected to take eggs and very young larvee, but seldom
older ones or the post-larval stages. Actually, most of our tow nettings there have
yielded. eggs alone (fig. 34); but the larvee hatched from buoyant fish eggs are so
small and soft until two weeks or so old that they are apt to be mashed past recog
nitjon amongst the mass of other plankton, hence may very well have been over
looked, and by the time they are large and resistant enough to be noticed among
the hard-shelled copepods,etc., they may have drifted for a considerable distance.

Mavor's (1920 and 1922) recent experiments with drift. bottles give some
idea of the actual speed with which the surface water, and consequently the fish
eggs and larvee floating with it, may travel westward and southward around the
gulf, indicating that a drift of about 4 nautical miles per day is not unusual in
summer and autumn, although more or less intermittent. The rate is probably
higher than this during the spring.

On this basis, buoyant eggs spawned off Mount Desert Island and far enough
out from the land to be caught up in the general peripheral eddy of the gulf (how
far this means is. not: yet known) might. drift well beyond Cape Elizabeth during
the two weeks interval that may be set as a fair average incubation period
for gadoids and flatfishes in general in Gulf of Maine temperatures. Whether the
eggs actually equal the drift bottles in the speed of their journey. depends on whether
they float at the same level-that is, in the upper two meters or so. Many of them,
and perhaps most, taking the year as a whole, do so; but locally, and especially
when the surface is at its lightest after the river freshets, many eggs float deeper
down where the dominant drift probably is slower, notably those of the haddock,
which is spawning actively at that season (Bigelow and Welsh, 1925). During
the interval after hatching, when the larvee are so small that they are seldom
recognized in ordinary tow nets, the small proportion of them that survives the
vicissitudes of pelagic life very likely drifts another 50 miles or so, so that Mount

13 Low surface temperature closeIn along the land between Penobscot Bay and Casco Bay In summer may be a bar to the local
breeding of the cunner, though this would not apply up the many estuaries that indent this section of the coast.
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Desert fish may well reach Massachusetts Bay in their journey by the time they
are 10 to 15 millimeters long, if they remain in the superficial water layers. If
they sink to lower levels, as it is practically certain that many of them do,their
involuntary migration during this stage probably is not so extensive, there being
reason to believe that the general set is more rapid above than below 40 to 50 meters;
but whatever depth they seek within the 100-meter contour (which in general limits
the offshore dispersal of both eggs and larvre in this side of the gulf), the majority
of them will tend in the same general direction. Similarly, the larvee hatched from
buoyant fish eggs spawned off Machias, where considerable numbers are produced,
might well travel as far as Cape Elizabeth before attaining the sizes we have recog
nized in the tow nettings.

The distribution of the buoyant eggs of the cod and flatfish families in the
gulf bears precisely the-relationship to that of the older larval stages (fig. 35) which
involuntary migration of this sort would produce. In fact, something of the kind
might safely have been prophesied from what is known of the circulation of the
gulf; and I believe it safe to assert that the great majority of the larval fishes
hatched from buoyant eggs spawned in the zone from 10 miles or so outside the outer
islands out to the 100 01'150 meter contour, between Cape Elizabeth and the Bay of
Fundy, drift a greater or lesser distance around the periphery of the gulf toward the
west and southwest (if they survive as long as three weeks or a month), though this
drift may be interrupted or even reversed on any given day or over a period of several
days. They may tend to hug the coast, as it seems Mavor's (1920) first series of
drift bottles did in 1919 (this probably is the usual event in spring), 'or swing more
offshore, and so, if they live pelagic long enough, come around to the northeastern
corner of the gulf as other drift bottles released in the summers of 1922 and 1923
have done. The variations in the dominant set are not well understood, but in any
case they will tend to follow an anticlockwiss and eddying course.

rhus, fish eggs and larvre, and for that matter every member of the plankton,
animal or vegetable, tend to follow the same periphericalmigration zone as do the
immigrantsthat enter the eastern side of thegulf in theupper 50 meters, (p. 64).
Onlysuch buoyant eggs as are spawned among the islands,in bays, or close in along
shore (as most of the cunners are) are likely to escape this dominant set.

At the times when the dominant drift of the surface' water follows the coast
line closest, south toward Cape Ann, Massachusetts Bay probably acts to some
extent as a catch basin for all sorts of flotsam from the north, living, of course, as
well as dead, as it did. for certain of Mavor's. drift bottles., The chart (fig. 35) sug
gests that Iarvse that pass Cape Ann tend to be caught up in the back water of the
bay,i to remain there until they abandon the pelagic life for the ,bottom. Thus, it
is probable that the rich fish fauna of the bay and its adjacent waters is regularly
recruited from the north and east. . .

Similarly, the abundant occurrence of youngpcllock at Woods Hole in late
spring (fry so 'small. that they are evldentlyth« product:()fthe'previous winter's
spawning) is dear evidence of a 'migration southward alongand around OapeCod
fro:rp. thevei-y productive spawning grounds at the mouth Of Massachusetts Bay,
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because no important spawning is known for this fish south of the Massachusetts
Bay region (Bigelow and Welsh, 1925).

There is no evidence that the larval stages of the cod or flatfish families acquire
a contranatant. (that is, up-current swimming) habit, as the herring' does. Conse
quently the extent of their involuntary journeyings depends on the duration of the
pelagic stage as much as on the velocity of the drift with which they travel. Very
little information has been gathered on this in the Gulf of Maine, but in north
European seas both the American pollock (PollacMus virens) and the haddock are
pelagic for about three months; most of the cod hatched in the Gulf of Maine prob
ably are so for at least two months, if not Ionger, before they take to the bottom.
So far as the elapsed time goes, experience with drift bottles suggests that this may
be.long enough for some of them to make the entire round of the gulf~that is, from
off Mount Desert or Penobscot Bay around to the Bay of Fundy-but whether any
of them actually do so is not known. The extent of the actual drifts of different
species would be governed largely by the levels in. the water at which the larvre live.

Schmidt's (1909) classic and oft-quoted study of the distribution of cod and
American pollock (Pollachiusvirens) eggs and fry around Iceland. illustrates how
far apart the fry of different. species, hatched from eggs spawned in the same general
regions, may travel before abandoning their pelagic life, if living at different levels
and pelagic for different lengths of time. The two fishes in question spawn at the
same season (maximum egg production about April), andboth of them mainly, if
not exclusively, off the southwest and south coasts of the island, while the fry of
both show a .tendency to drift thence westward and northward...But while the
American pollock mostly descend to the bottom in practically the same waters where
spawned, either because their span of pelagic life is short or because. living at such a
level thatthey drift slowly, the young cod generally travel right around the island
(a trip of something like 500 miles for many of them), and the result is a scarcity of
the youngest bottom stages on the south and west but a great predominance of them
over those of the pollock off the northeast and east coasts. The Icelandic haddock
likewise perform a similar involuntary migration, enduring from May until July.

The great abundance of young pollock only a few inches long along the littoral
zone in the Gulf of Maine suggests that the involuntary drift of the pollock is also
shorter with us than is that of cod or haddock. Here, again, definite evidence, one
way or the other, is lacking for want of systematic towing during January and
February.

Very few definite. observations have been made. on the depths at which the
various young fish live while pelagic in the Gulf of Maine, and it is not safe to assume
that these will be the same as in the northeastern Atlantic, the vertical distribution
of temperature and of salinity being different. It is.probable that the young pollock
frequent the surface layers more than either cod or haddock (except for such of the
latter as live co:rnm.ensalwith:medusre) I this being the case in European waters;
but the involuntary migrations of the Gulf of Maine pollock take place in winter
when the circulation of the gulf is believed to. be at its minimum. Drift bottles
released during the periodfromJanuary .to Ma~ch would be extremely instructive
in this connection. On the whole, the drifts of young cod may be expected to follow
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deeper, and of young haddock still deeper currents, but to what extent this d~fferen

tiates the dispersal of their fry in the gulf from those of,the pollock can not be stated
until a sounder knowledge of the circulation of th~ watera of the gulf has been
gained,

It has. long .been known that the Iarval and post-larval stages of the hakes (genus
Urophycis) are apt to be right :at the surface in the Gulf ofMaine. in summer., They
might therefore, be. expected to. follow very closely the tracks of the drift bottles.
released at that season. Silv(\r-hake (Merluccius) larvee, on the contrary, which ar~

among. the most abundant of young fishes in 'the southwestern part of' the gulf in
July and August" usually have been taken in hauls fropl4Q:meters or deeper. (seldom
at the surface), and it would seem that they must therefore, travel with the under
current. In the case of silver hake itis not improbable.that some of the Iarvee that
journey down past Cape Cod drift on past Nantucket Shoals toward the south
west. Consequently, eggs spawned in the Gulf of Maine may contribute. to the fry
found west. of. Nantucket in summer; though most of these are the result of local
propagation (Bigelow and Welsh, 1925,p. 395). ','

It is equally possible that pa;rt of the youngsilver hake circle eastward. oyer;
the •. northern part..of Georges Bank, and so northward into the gulf.again, for drift
bottles released on a line running southwest from Cape Cod have shown a division
in this respect, many of the outer ones having gone westward and some of the inner
ones eastward, but. we have foundno Merluccius .larves in any of'.our July towings
over. the banks, although they are abundant off Cape Cod during that month.. ,

1 have previously (Bigelow, 1917, p, 279) suggested the possibility of a passive
migration of cod and haddock fropl.the western part of the gulf out onto .Nantucket
Shoals and to. the western parts of Georges.Bank, where we have.since found.young
haddock in sOl;ne,abU,fidance floating commensal with medusee in July (Bigelow.and
Welsh, ~925).. . . ." ,

The drift of the haddock eggs that are spawned in enormous numbers on the
eastern parnof.Georges Bank in spring (p. 37; .and Bigelow and Welsh" 1925,p. 439),
andof the .resultant larvte, is .a question ofgreatillteres~. A considerable propor
tion of these may take to the-bottom on more westerly parts of the bank, because
the northern part of this spawning ground. seems to. "be affected directly by ".as(\t
from the northeast during the critical.eeasonjibut at the time of our Marchand
ApJ;il visits.thither in 1920 the presence-of newly spawned eggs in abundance right
out to the I ,OOO-meter contour proved that a drift out to sea was then taking place
from the southern point of the bank.

Eggs subject to this driftmustsufferone of two fates. Probably they would be
caught up in the band of.cool mixed water along thecontinental slope,in which case
the eggs and larvlE might again petswept in on the shelfsomewhere to the westward
by some illcUJ;vin~ swirl in the complex interaction ofwarm and cold waters, or,
(}lrcling to and fro, come in. again on Georges Bank. If they drifted farther offshore,
but stil1.notfaren~ughout to re.ach water of fatally high tempe~attire; .they would
probably:tend'to travel to the northeast.. Therefore, as Doctor Huntsmans~~gests
inarec~J?-,~ l~tter, i~ is possible that. the Georges Bank spawning; ground" which 'is

, :J
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certainly one of the most important off the American coast, may even contribute
to the fish stock of the Grand Banks.

Haddock or any other' bouyant eggs spawned on Browns Bank, or German
Bank to the north of it, would probably tend either northward into the gulf or west
ward toward Georges Bank, depending upon the precise state of the Nova Scotian
current at the time; and it is probable that this was the source of the cod-haddock
eggs towed over the eastern side of the basin on May 6, 1915 (station 10270), and
on April 17, 1920 (station 20112). Larvse hatched on Browns and German Banks
might be expected to follow the same route during the spring, if living at about 40
to 50 meters, which it is probable that most of them do. Eggs spawned on Browns
and German Banks after the rush of water past Cape Sable has slackened, would
be more apt to be drifted northward toward the Bay of Fundy, but this would apply
mostly after the spawning season of the haddock had passed.

It is obvious that if practically no production of the species of gadoids and
flatfishes that lay buoyant eggstakes place in the Bay of Fundy, and if most of those
produced along the northern side of the gulf drift away to the southwestward, as
the evidence marshalled above seems to prove, there must be as regular an immigra
tionof the older fry back again to maintain the stocks of adult fish. However, this
subject does not immediately concern the plankton.

It is interesting to compare the chart of gadoid and flatfish fry (fig. 35) with
the corresponding chart for the rosefish (Sebastes), a viviparous species (Bigelow
and Welsh, 1925, fig. 120),as an illustration of the degree to which the dispersal
of larval fishes depends on the precise locality where they are produced. In the case
of the former this happens chiefly inside the IOO-meter contour, with the result just
described. No doubt, when young rosefish are born in that belt and chance to rise
near the surface they follow the same route, journeying with the dominant set. But
rosefish also produce their young generally over at least the northern half of the
deep basin of the gulf, where the dominant anticlockwise eddy is felt less. It is
also probable that in most cases the young Sebastes, like their parents, live
rather below the level of the most active currents, hence are less apt to be caught
up by them. Further (though less important in its effect than is the location of' the
breeding grounds in relation to the circulation of the gulf), Sebastes is so compara
tively large and strong at birth that its involuntary migrations cover a shorter' period
than those of 'most of the fishes that lay floating eggs, and consequently its larvee
are to be found widespread, except close to land,and not concentrated in anyone
part of the gulf.

QUANTITATIVE DISTRIBUTION OF THE ZOOPLANKTON

To give an adequate quantitative 'picture of the plankton would require a far
greater number-ofverticalhauls than have yet been made in the Gulf of Maine. ,Not
only are the seasonal gap!:! in the eeriesserious, blft hauJi; should be located closer
togeth~r than has peen feasible for us, even in J"uly~nd,August, lln~ess, the plaJtftonis
more;uniform than our work suggests, However, even a cursory. exa~iilation 'of the
zooplankton, if extended over a considerable area or through a considerable period of
time, is certain to reveal wide fluctuations in abundance as well as in its qualitative
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composition, both from season to season and from place to place; and inasmuch as ali
understanding of the causes of the fluctuations in the numerical strength of any group
of marine animals would clarify the interaction of the many physical factors that
govern pelagic life in the sea, information along this line is never amiss.

Quantitative data regarding the plankton run the whole gamut from the most
casual to the most accurate and precise, depending on the method of collection and
enumeration employed, which in turn depends on whether it is the absolute numbers
of individuals of any group that is sought or merely their abundance relatively and in
a rough way. Perhaps I shall not be taken to task when I add that no wholly
satisfactory method has yet been devised for estimating the abundance of the larger
and more active members of the zooplankton.

With immobile objects such as fish eggs, or weak swimmers such as ctenophores
and copepods, vertical nets of the more modern patterns yield counts of reasonable
accuracy; but when we attempt to deal with animals whose powers of directive
swimming are as well developed as those of Sagittre,euphausiids, young fish, etc.,
the certainty that some of them-it may be many or it may be few-escape the net
introduces an unavoidable source of error and one that is far more serious than the
clogging of the meshes, resulting in only partial filtration of the column of water
throughwhich the netsfish.and one that must always be reckoned with in quantitative
work. For this same reason enumerations of the plankton contained in samples of
sea water of known volume, collected by water bottle or by pump, a method that has
proved fertile for the study of the phytoplankton (p. 398),are of no value whatever for
any animals except the smallest. In short, any absolute census of the total plankton
in the open sea will, we think, long remain something of a will-o'-the-wisp. If the
goal be no more than a comparative (not an absolute) estimation of the amount of
zooplankton present in the water, these difficulties fade.

If the same type of net is employed for all the hauls and of a mesh calculated for
the general size of the plankton elements for which it is intended, and if the length of
the column of water fished through is either known accurately oris the same on all
occasions, the catches will be fairly comparable one with another, and the net error
(that is, failure to filter perfectly) becomes secondary. If the nets are large enough in
diameter 34 (say half a meter or more), with filtering surfaces sufficiently extensive in
proportion to the mouth area, and of a shape proper for the rapid passage of water,
they will certainly capture a majority of the animals in their path up to the size of
amphipods, Sagittre, and ouphausiids. In the case of the 'copepods, which, after all,
are the backbone of the zooplankton of the 'Gulf of Maine, the catch will be suffici
ently representative of the actual population for comparative purposes," even if the
few individuals that chance to lie near the outer rim of the mouth of the net dodge it
and escape. With this;end in view we have, since 1914, abandoned vertical nets of the
Hensen pattern, with their smallmouths, for a vertical net half a meter in diameter, of
the Michael Bars pattern; 36 and I may add that in making vertical hauls the net has

II The larger the better.
II A whole literature, from the hands of Its sponsors or critics, has arisen about the reliability or the reverse of the vertical net,

which has been the classic engine for quantitative plankton studies ever since Hensen (1887) ftrst sponsored It.
al For specifications ofthis pattern see Murray and Hjort, 1912.

75898-26--6
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invariably been lowered as near to bottom as feasible, so as to sample the whole column
of water. As yet we have not attempted a quantitative survey of any particular
stratum, though, from the nature of the case, the hauls in the shallow coastal zone
have been confined to a thin layer of water;

The results of the vertical hauls are supplemented by the much more numerous
horizontal hauls, made with various nets and covering the gulf generally at most
seasons of the year. Inasmuch as the quantitative value of horizontal hauls has
often been disputed, I must admit at once that they seldom fulfill the basic requirement
of fishing through a column of water of known length. Furthermore, while the level
at which an ordinary open net works for the major part of the haul can be determined
within reasonable limits if it is used at moderate depths, its yield can not be depended
upon as an index of the richness of the plankton at that particular depth unless cor
roboratedby other evidence, because it may have passed through a swarm of copepods
or what not on its way up or down. Horizontal hauls made in deep water, say of
500 meters or more, have little quantitative value if of short duration, because the
horizontal journey made by the net may then be little if any longer than the vertical,
which, of course, may be equally true of individual hauls in shallow water under
exceptional' circumstances. In general, however, it is safe to assume that when the
horizontal distance .through which the net works exceeds the vertical manyfold, as
is the case for shallow hauls. of considerable duration (for example, our standard of
half an hour at 100 meters or shallower), considerable weight may be given to the
average quantitative results of several hauls, the more so the greater the discrepancy
between their horizontal and 'vertical portions, hauls at the surface being entirely
satisfactory in this respect. IIi short, while everyone agrees that it is idle and
misleading to expect precise quantitative 'data from ordinary tow nets used hori
zontally from a moving vessel.there is no need of going to the other extreme, as
some students have done, and discarding a method that is not only so convenient but
so often available when-rough weather prohibits vertical hauls." As a matter of
fact, if they are interpreted with common sense and made at appropriate levels in
the water, the catches of the horizontal tow nets often throw much light on the quan
titativedistribution of the animal plankton, especially in preliminary surveys. At
the worst they can be trusted to reveal the existence of areas of markedly rich or of
very scanty plankton, for no one can deny that the plankton must be more abundant
where tows are uniformly productive than where the same nets as regularly yield
little or nothing, especially at times and places when and where the larger animals
occur in local shoals,which the vertical net may miss altogether but which a long
horizontal tow is almost certain to encounter;

Thus, to quote only one example, Jespersen (1924) was able to demonstrate very
wide differences in the abundance of zooplankton in different parts of the Atlantic,
from horizontal hauls of long duration with large nets, especially the general poverty
of the so-called "Sargasso Sea."

17 An excellent example of the light which horizontal hauls may throw on the fluctuating abundance of the plankton Is afforded
by the long-continued series of tow nettings carried out by the Marine Biological Laboratory at PortErln,on the Isle of Man,
under Professor Herdman's dlrectlon.:
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The choice of a unit and of a method of measurement by which to express the
quantitative .abundance of the zooplanktonic community as a whole, as distinguished
from its several component groups, is a matter of real difficulty. The ,"
easiest thing to do is simply to let the whole catch settle in suitable ~

jars or graduates until visible shrinkage ceases and to record the I:'
volume of the resulting mass. Unfortunately, however, this does \1:

, not give a true measure of the actual content of the net, much less ,:-
(owing to the sources of error just mentioned) of the total column 'l".:,of water fished through, because it likewise includes the gaps between t,','
the individual animals composing it, together with any detritus that 00 II

may have been in suspension in the water. This introduces a serious III I

error, for plankton settles more or less closely according to the shapes I; I

of the individual animals composing it, smooth, round, fish eggs, for iii
example, packing far more closely and regularly than do copepods ," I
with their long appendages. Nevertheless, even such simple measure- I I

ments as this yield rough pictures of the abundance of the animal II I

plankton, hence they.have been made for all Ourvertical tows and for I \ I
many of the horizontal ones. Jespersen (1924) measured the volume I'
of thecatch after draining the water from it. The process may be I I I

rendered 'more accurate if after draining a known amount of water is I \ \
added, when the resultant increase in the .volume will correspond to \\ \.
that of the catch plus the small amount of liquid which still adhered '~\'.

to the plankton after the draining. I have employed this method in, '\
a .few cases where it seemed likely that the direct measurement of
volume would be seriously misleading because of the character ofthe
organisms concerned. The use of the centrifuge would be still better, "
but this has not been attempted for the Gulf of Maine hauls. s8

Counting is the most instructive method of estimating the catch
from most points of view, though it entails much labor and time,
and this is the only method by which the actual numerical strength
of the several groups of animals composing the zooplankton can be
learned. Various types of apparatus have been devised for this
purpose, most of them by the Kiel School of Biologists, the process
followed for the Gulf of Maine hauls being as follows: The catch
of the vertical net (its volume having been measured as above) is
first diluted to a volume of 150 cubic centimeters,well mixed; and
then, while the plankton is still in suspension, 3 cubic centimeters
are taken with a suitable pipette and the copepods, fish eggs, etc.,
counted.' The ordinary pipette, familiar to every biologist, will
seld«;>mserve for taking this sample; but it is not necessary to em-
ploy the complicated II Stempel" pipette, for oneof .the shape shown
in the accompanying sketch (fig. 36), with large rubber bulb,
tube opening about 3 millimeters in diameter, and total volume of
------------------------,-----.....,....------,---,---
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about 25 cubic centimeters, graduated as required, serves well forcopepods and all
smaller animals. The chief difficulty is that it is not always easy to make sure that
the diluted plankton is evenly distributed in the fluid while the sample is being
taken, because the various animals settle at different rates. Therefore, it is usually
advisable to take two or sometimes three samples from each haul and average the
results.

Animals as large as amphipods, Sagittre, and euphausiids are seldom so numer
ous but that it is easy to count the entire number caught in a vertical haul, and as a
rule it is necessary to remove them before taking the sample of copepods, eto., lest
they clog the mouth of the pipette. Fish eggs, also, can usually be counted directly
from the entire catch, though they sometimes occur in such numbers that it is neces
sary to take a sample for this purpose. The copepods have been counted for most of
the vertical hauls, the results being discussed in the chapter on that group (p. 167).
Notes on numerical strength of other jmimals will be found under the particular
specIes.

The unit of measurement best available for the volume depends upon whether
horizontal or vertical nets are used. If the former, calculation of the amount per
hour's hauling, as employed by Jespersen (1924), can hardly be bettered; but vertical
hauls lend themselves to a somewhat more exactmeasure, namely, the amount present
under some chosen area of the surface of the sea, which is usually expressed in cubic
centimeters of plankton per square meter. This would be a sufficient index to the
total productivity of any locality at any given time, and hence is often extremely
instructive from the biologic viewpoint; but, as I shall have occasion to emphasize
later (p. 90), it does not necessarily throw any light on the density with which the
plankton is aggregated, since it neglects the possible stratification of the latter at
different levels.

On this basis the animal plankton of the 'gulf as awhole, .like the phytoplankton
(p. 399), is apparently at its lowest annual ebb late in February and during the first
half of March, when it was only in the western basin and over a tongue extending
from the Eastern Channel and eastern edge of Georges Bank northward along the
axis of the eastern basin to the 100-meter contour off Grand Manan (fig. 37) that we
found as much as 75 cubic centimeters per square meter in 1920. Nor did we make
any rich hauls then even in these comparatively productive zones, judged by mid
summer standards (p. 83). In all other parts of the gulf at the time, both inshore and
over the basin, except as just qualified, and on Georges Bank as a whole, the water
supported less than 25 cubic centimeters of plankton per square meter of sea surface,
with several of the catches too small to measure, while on one occasion (off Cape
Elizabeth, March 4, station 20059) the vertical net yielded nothing whatever.

If the minimal catches of February and March, 1920 (less than 25 cubic centi
meters), be credited with 15 cubic centimeters of zooplankton per square meter
(probably an excessive estimate), the average for the whole gulf at this season was
only about 40 cubic centimeters, contrasted with about 100 cubic centimeters in
midsummer, and the distinction between rich and barren was decidedly more sharply
marked than we have found it during the more productive seasons of the year.
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II We have no quantitative data tor May and 1une trom Georges Bank.
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found swarming there in 1912, 1913, and 1914 (p. 19).40 While 1914 is the only
summer for which we have quantitative data from the offshore banks, all the most
productive (100+cubic centimeters) of the summer hauls of 1913, 1914, 1915, and
1916 41 were likewise similarly concentrated in the Cape Cod-Bay of Fundy belt
just outlined (fig. 38). So uniformly productive has this "rich zone" proved in
summer that only 3 of the 25 vertical hauls, which we have made there in June,
July, and August,have failed 'to yield upwards of 100 cubic centimeters of animal
plankton per square meter,although the waters both immediately to the north and
to the .south of it have often proved decidedly barren, as the chart illustrates.
The average volume of plankton for all the vertical summer hauls in this rich zone
has been nearly 170 cubic centi.meters per square meter including those for. 1916
(an exceptionally rich year), and more than 150 cubic centimeters if the 1916 hauls
are omitted.

Approximate volume of plankton per square meter of sea surface. July and August hauls, 1912 to 1916

.

Volume Volume
Year Station In cubic Depth Year Station In cubic Depthcentt- cent!·

meters meters

------
Meter8 Meter8

1912............................ 10002 250 119 1914•••••• : •••••••••••••••••••• 10213 210 110
10004 50 55 10214 120 175
10007 65 265 10215 60 70
10008 50 41 10216 30 70
10011 20 110 10218 50 500
10015 10 37 10223 170 75
10021 10 110 10224 240 55
10022 30 82 10225 30 260
10025 80 91 10226 200 85
10027 30 165 10227 50 220
10031 30 128 10229 170 100
10035 Trace. 73 10230 140 50
10036 30 165 10243 100 65
10038 20 73 10244 15 50
10043 15 165 10245 60 110

10246 200 190
Fathom' 10247 10 30

1913•••••••••••••••••••••••••••• 10087 180 128 10248 100 190
10089 80 183 10249 105 220
10090 120 164 10250 350 145
10092 160 219 10253 60 140
10095 60 37 10254 200 260
10096 120 91 10255 70 175
10098 70 55 1915 1..................._...... . 10304 275 200
10099 30 37 10306 110 140
10100 220 165 10307 165 235
10101 100 73 1916•••• , ••••••••••,.""'''''' 10340 125 45
10102 DO 128 10341 250 80
10103 70 73 10342 250 55
10104 DO 146 10344 . 225 80
10105 55 110 10345 200 150

1~6 200 62

-
1 For a list ofthe hauls for other months of this year see Bigelow, 1917, p. 314.

Contrasting with the rich belt, the entire coastal zone of the gulf, from Cape
Ann on the south and west to Grand Manan Island at the mouth of the Bay of
Fundy on the east and north, has invariably proved far less productive of zooplankton
in midsummer-never with more than 90 cubic centimeters per square meter, usually

10 These ctenophores had shrunk In the preservative to only a fraction of their natural bulk before the vertical hauls were
measured.

u In 1916 the zooplankton was unnsually abundant In the waters 011Cape Cod and In the southwest corner of the gulf In
July, a fact discussed on p. 07.
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with less than 70 cubic centimeters, and ranging from this down to traces too small
to measure. North of Cape Ann the general rule has been the closer to land in
summer the scantier the catch (fig, 38), while the coastal belt as a whole then sup-

43' +

41' + +

e8'
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5,Y:t , ,..,. ""../

80'
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70'

/ ~ , .

40

71' ,70' e8' 88' 87' e8'

FIG.37.-Vo!\Imes of p!llIIkt~~, In cuble centimeters, below each square meter of the surface of the sea In February and
March,l920, as oeleulated from the catohesmade In the vertical hauls. In the shaded area the volumes were uniformly
greater than 75cubic centtmeters.

ports less zooplankton to the north and east of Cape Elizabeth than to the south and
west, with the Grand Manan Channel the most barren part of the open gulf, We
have no quantitative data from the immediate vicinity of the western coast of Nova
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summer, as calculated from the vertical hauls made in 1912-1916, e, 100 cubic centimeters or more per square meter;
f), 50 to 100 cubic centimeters or more per square meter; 0, 50 cubic centimeters or less per square meter; A, stations.
where horizontal hauls showed an abundant plankton, but where no vertical hauls were made:

The hatched curve Includes areas where we have usually found more than 100 cubic centimeters per square meter;
the stippled curve where the catches have usually been less than 50 cubic centimeters per square meter,
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Scotia, but in 1914 the neighborhood of Lurcher Shoal proved far less productive
than the deeper basin near by.

Were all parts of the gulf equally favorable for the existence and multiplication
of animal plankton, the catches of the vertical hauls might be expected to vary in
direct ratio to the depth-that is, to the amount of water filtered by the net-and,
speaking broadly, there usually is more plankton below any given unit of the sea's
surface in moderately deep water (say 50 meters or more) than in very shoal water.
Notwithstanding the comparative barrenness of the greater part of the coastal zone,
however, the regional differences in the abundance of plankton in the Gulf of Maine
do not correspond closely to the depth; nor can they be correlated with the distance
from the coast,per se, because we have repeatedly found the plankton very plentiful
in moderate depths both near land, as in Massachusetts Bay, and close in to Cape
Sable, and as far offshore as Georges and Browns Banks.rwhile, on the other hand,
some of our deep hauls have proved unproductive in spite of the considerable length
of the column ofwater fished through. Such, for example, was.the case in the Eastern
Channel and the neighboring part of the basin in July, 1914. In fact, the vertical
hauls made in the southeastern deep of .the gulf in summer (July 23, 1914, station
10225,and June 25, 1915, station 1029$), have both proved extremely barren, with
only 30 to 70 cubiccentimeters.per square meter in spite of the.considerable depths of
the hauls (175 to 260 meters), showing that both in June of,1915 andJuly qf 1914 the
rich zone was bounded on the east by much less prolific waters. It is on the strength
of these hauls that I have laid down the demarcation between the.two.zones on the
accompanying chart (fig. 38), but the.volume of plankton present in the water varies
so widely from season to season and from year to year. that the lines must not be
drawn too finely in plotting its regional variations, and, the future alone-can show
whether it is .regulerly.charecteristdc of the .summer season for such a barren wedge
to separate the rich waters to the north from the .equally prolific shallows of Georges
and Browns Banks.

The presence of more than 200 times as IUuCb" anima]. plankton beneath each
square meter of the surface of the seaatthemouth of Massachusetts Bay on July 20/
1916, as in water-nearly twice as deep in the Grand Manan Channel on August ,19/
1912 (only a trace), .and the fact. that there were200c;ubic centimeters per square
meter in 85 meters of water on the northeastern edge-of Georges Bank on July 24,
1914, but only 50 cubic. centimeters per square meter that same day in the Eastern
Channel, 15 miles distant, where the depth was 220 meters, illustrate the contrast
between productive. and barren waters.

Vertical hauls in the.MassachusettsBay region, the only part of the gulf where
our data warrant even a tentative account of the quantitative fluctuations that take
place during late summer and autumn, suggest .a. diminution in the volume of zoo
plankton during the late. summer followed by an autumnal increase, which was .so
considerable in 1915 that there was over twice as much plankton per square meter
in water only 80 meters deep by the end of October as we had found at a neighboring
station in 140 meters depth two months previous.
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ZoiJplankton volumes, mouth of Massachusetts Bay

Approx.\. Approxl·
mate mate

volume,
Depth

volume,.
Deptb cubic cubic

Date Station of haur centl- Date Station of haul oentl-
in meters meters In meters meters

per per
square square
meter meter

------ ------
July 10, 1912__". __________ • ____ • 10002 111Hl 250 Aug. 31, 1915__________ •______ ._ 10306 140-0 110July 19, 1I116...___ •_______ •_____ 10340 4/Hl 125 Oct. I, 1915___•• ____·_.____ •_____ 10324 140-0 150Do.____ •_._________ • ___ •_._ 10341 80-0 250 Oct. 27, 1915••________________ ._ 10338 80-0 250Do_•• ___ •__•______ ._.______ 10342 5/Hl

250IMar. I, 1920.___••••• ______ •____ 20050 150-0 :1:25Aug. 9,1913 ________.____ • ____ ••• 10087 128-0 ISO Apr. 9, 1920_______________ ._.__ 20090 120-0 10Aug. 22, 1914__ •__._ •• __________ 10253 140-<0 60 May 4,1915_••••_.___•__•______ 10266 12/Hl 270

Evidence that a similar augmentation spread generally throughout the coastal
waters west of Penobscot Bay in 1915 is afforded by volumes as great as 100 to 150
cubic centimeters per square meter off Penobscot Bay, off Cape Elizabeth, and near
the Isles of Shoals during that October. However, we have yet to learn whether
this increase is an annual event, nor does our experience suggest that it extends east
of Penobscot Bay, because vertical hauls yielded only 30 cubic centimeters per square
meter off Mount Desert Island and 20 cubic centimeters off Machias on October 9
(stations 10328 and 10327).

We have made no quantitative hauls in the gulf during the period between Octo
ber and late February, but the comparative scantiness of the yields of the horizontal
nets in Massachusetts Bay during the cold months of 1913 (Bigelow, 1914a) and at
all our inshore stations from Cape Cod to Yarmouth, Nova Scotia, in December,
1920, and January, 1921, points to an ebbing zooplankton as characteristic of the
coastal belt in late autumn and early winter, leading progressively to the extremely
barren state of the water typical of the first weeks of spring (p. 82). Hauls made
near Mount Desert Island and in the northeast corner of the gulf from JanuRry 1
to 5, 1921 (stations 10497, 10500, and 10502) were equally unproductivs,« but I
hesitate to conclude from this that the water was actually 80 barren there, because
horizontal hauls were hardly more productive in that general region in March, 1920,
although the vertical nets yielded large catches, a fact suggesting that the former
missed the level at which the plankton was most concentrated. However tbis
may be, it seems that in winter and early spring the zooplankton is far more plentiful
in the western side of the basin than' near shore, because we made a rich horizontal
catch there on December 29, 1920 (station 10490), a rich vertical haul (though a
rather scanty horizontal) on February 23, 1920 (station 20049), and a rich horizontal
and a comparatively rich vertical on March 24 of that year (station 20087).

The results of both vertical and horizontal hauls point to the Massachusetts
Bay region and -the neighboring part of the basin, on the one hand, and to the deeps
off Lurcher Shoal and the eastern part of Georges Bank, on the other, as the parts of
the gulf uniformly most productive of zooplankton i while the deep water in the

;, . .'." ..... '!
4J Yield of hall an bour's haul with a ~·meter net was only about 100 to 150cubic centimeters In each case at 50-0, 75-0, and

150-0 meters.
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southeastern corner of the gulf, where vertical hauls have yielded only 25 to 65 cubic
centimeters per square meter on four visits (March 11,1920, station 20064; April 17,
1920, station 20112; June 25, 1915, station 10298; and July 23,1914, station 10225),
although made in depths of from 200 to 340 meters, and the coastal zone east of
Penobscot Bay would seem to be the least productive.

Recapitulating for the Massachusetts Bay region, the zooplankton is at its
scantiest some time in March, earlier or later according to the forwardness of the
season; it increases very rapidly in amount during May, reaches its annual maximum
of abundance late in Mayor early in June, when there may be from 10 to 20 times
as much animal life in the water. (200 to 300 cubic centimeters per square meter) as
in March, and wanes in August. A second well-marked pulse is noticeable in Sep
tember, culminating in October, after which the plankton diminishes once more.
Our experience during the cold months of 1912 and 1913 (Bigelow, 1914a) was that
a moderate amount of zooplankton is to be found in the bay throughout the winter,
but that it suddenly declines almost to the vanishing point late in February or
early in March.

The plankton passes through a corresponding quantitative cycle throughout
the entire coastal zone from Massachusetts Bay to the mouth of the Bay of Fundy;
but although the waters east of Cape Elizabeth are as barren as the region from
the Isles of Shoals to Cape Cod in early spring, they are never as productive of
zooplankton as is the latter in late spring and early summer, and, consequently,
the difference between the seasons of maximum -and of minimum abundance of
plankton isnot as great.

The fact that the northern corner of the eastern basin proved extremely barren
on April 20, 1,920 (station 20100), whereas we have found an abundant animal
plankton 'there' in summer, suggests 'that; this region, like Massachusetts Bay, is the
site of a wide seasonal fluctuation, with a brief period of barrenness in springcoin
cident with the vernal flowerings of diatoms. This applies likewise to the shallows
off Cape Sable and over the eastern part of Georges Bank, where the zooplankton is
extremely plentiful in midsummer but sparse in March. '

. So far as our experience goes, the seasonal fluctuation in the amount of plank
ton present is widest. in the neighborhood of .the ' Isles' of Shoals, with a range of
from practically nil to upwards of 300 cubic centimeters per square meter. The
coastal belt along the outer islands east of Penobscot Bay illustrates the opposite
extreme.. Here the catches of the vertical nets may be but little larger (25 to 30
cubic centimeters per square meter) in summer (the richest season) than in spring;
and we have only once made a reasonably productive vertical haul in this zone (70
cubic centimeters per square meter at station 10098). . '

The quantitative fluctuations are also comparatively narrow from season to
season, or at least no pronounced impoverishment takes place in spring, in the deep
waters of the western basin, so that the plankton of that part of the gulf is classed 8.S
"rich," not "scanty," the year around, as shown by the following table.
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Volumes of plankton per square meter, western basin

Ouble centl- Cubic centl-
meters of meters of

Date zooplank- Date zooplank-
ton per ton per
square square
meter meter

Feb. 23, 1920___•• ___• _. _•••• ___••• ___00__00nn ____ 175 June 26, 1915__________un _ 00____ n. _________ .00 __ 250
Mar. 24, 1920_00__00_00_00_. _________ •_________ •____ 95 July 15, 1912_________________ 00____ un __ • ____ .00_ 65
Apr. 18, 1920. _____ •• __• _. _______ • _•• ' ••• 000000__00_ 150:1: Aug. 22, 191400___•__, __00____ • ___00_._____ •___•• __ 200
May 5,1915_________ 00____ 00____ 00__00__00________ 250 Aug. 31,191500000000 ___00_00 _____ 00_00 _____ 0000_ •• 165

There is, likewise, less fluctuation with the seasons on the western part of Georges
Bank than on the eastern. The largest volume of plankton per square meter yet
recorded for the Gulf of Maine was 425 cubic \. entimeters in the eastern side of the
basin on September 1, 1915 (station 10309), while the smallest was a bare trace.
In fact, the animalpopulation may be so sparse locally that a vertical haul may catch
nothing at all, as has been our experience at several stations along the coast .of Maine
and in the Grand Manan Channel (p. 84); but even then, a half hour's tow with the
horizontal net has invariably yielded a fewoopepods or other animals, proving that
although theplanktonic community may fall to a very low ebb, indeed, at its season
of scarcity,it never vanishes wholly from any part ofthegulf at any time of the 'year.

DENSITY OF ASSOCIATION OF THE ZOOPLANKTON

A statement of the volume of zooplankton existing in the total column of water
below any chosen unit of sea area-e. g., each square meter-serves to 'illustrate the
total regional and seasonal production of. the gulf; but unless the water in question
be, very shallow, it throws little light on the density in, which the animals concerned
are congregated, because the catch of the vertical haul may be distributed generally
over a column so.long that even a considerable volume of plankton might mean only a
sparsepopulation. To meet this need, another unit of measurement isrequired, the
one usually employed in other seas, and of which I have made use in previous 1'e
ports, (Bigelow, 1915 and 1917), being the volume of plankton present in each .cubic
meter of water. This, of course, is simplythe product of the volume per square meter
of sea surface divided by the depth (in meters) covered by .the haul in question.

Were the zooplankton of the gulf uniformly distributed from the surface down
to bottom, this simple calculation would not only "establish the relative richness of
different regions in plankton, and hence in food for the pelagic fishes" (Bigelow,1915,
p.327), a question naturally of much importance in th(l economy of the gulf, but go
far to explain many biologic problems even more far reaching. Unfortunat~ly for
the statistician, however, such is not the case, all our experience tending to show that
the zooplankton is often more or less stratified and ,that the degreeof stratification
varies widely from place to place with the time of day and with the change of the
seasons. Consequently, the results always require. analysis in the light' of any
information bearing on the vertical distribution of the planktonic communities
represented in the catches in question. Otherwise one is apt to be led to conclusions
so widely astray as to be worse than none.
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On the whole, it is in late winter and early spring, when the physical characters
of the sea water are most uniform vertically and when its vertical stability is least,
that the zooplankton of the Gulf of Maine and of other boreal seas most nearly
approaches vertical uniformity of distribution. At this season, as illustrated by the
March cruise of 1920, the volumes of zooplankton present in the water are so small
in all parts of the gulf, and the depth of water through which it was distributed at
the more productive localities is so considerable, that the volume per cubic meter
(by direct calculation) was only 0.7 to 1 cubic centimeter even where the plankton
was densest-for instance, in the eastern and northeastern troughs of the basin, in the
Eastern Channel, and over the northeastern and southeastern parts of Georges Bank.
It ranged down from this to a minimum of practically nothing in the deep water in
the southeastern corner of the gulf, the average for all stations being about 0.4 cubic
centimeters, which is something less than half the summer average by the lowest
possible estimate. Nor is it likely that this calculation seriously understates the
density of aggregation of the zooplankton for any largo portion of the gulf in March,
because there was little evidence of vertical stratification during that month.

Zooplankton volumes per cubic meter, March, 1920

Cubic Cubic
oentl- oentl-

Locality Date Station meters Locality Date Station meters
per cubic percubio

meter meters
._-------

Western Basin••••••••• , •• __•___ • Feb. 23 20049 0.6 Georges Bank:
01I Gloucester. ___ •___ •• _______ •• Mar. 1 20050 .1 Northeast part; ....... _._.____ Mar. 11 20065 0.3
Near Cashes Ledge ____ •________ ~. Mar. 2 20052 .1 Eastern part. __________ •• ____ _._do __•• 20066 .3
Central Deep___•• __ • __ ._••• _____ Mar. 3 20053 .3 Southeast part_._. __ •• ____ •__ Mar. 12 20067 .5
Eastern Basin.__ ~ •• ____ ....__ •• _·_ __,do~.~. 20054 . 4 Southeast slope' __"_______ ._ • ._.do.,,"_ 20068 .7
Off Mount Desert Rock._________ ___do.... 20055 .5 Northeast part, _________ ._. __ Mar. 13 20070 1.0
Off Mount Desert Island•••• --,-- •.•do •••• 20056 . 2 Eastern OhanneL. •••••• ,_ •. _____ ••.do •• _• 20071 .7
Off Matinicus Island••___________ Mar. 4 20057 .2 Fundy Deep__________ .....n. __ • Mar. 22 20079 .1
OlI Seguin Island •••••••••••• , ••• ••• do,', •• 20058 .5 OlI Machias (Me.)••• __.. ___ •••••· ••• do."" • 20080 .4
Near Isles of Shoals ... _n •• _. ___ •

_•.do. ___ 20060 .2 Northeast trough•.•••____ n •• _n_ __ .do, ___ 20081 .7
OlI Isles of ShOllls••••_.........." Mar. 5 20061 .1 Off Yarmouth, Nova scotte., __ •• Mar. 23 20683 .4
Of!' Boston.• ____ .n __ n _____ ._ ••• .• .do .... 20062 .5 Off German Bank.__ •__... _.__... ...do ____ 20086 .5
North of Georges Bank••' •••• __ •• Mar. 11 20063 .1 Western Basin.......__ •••••• _••• Mar. 24 20087 .4
Southeast Deep__•• __ •___ •• ____ .. __ .do___. 20064 .0 Off Boston. __ •__ • ______ .......___ Apr. 6 20089 .4

With the advance of the spring the concentration of the plankton is augmented
both by the increase in the total amount present in the gulf, just remarked, and by
its stratification at one level or another. Not only does the first of these factors
raise the volume per cubic meter to 2 to 4 cubic centimeters at the very least by
midsummer in such prolific though rather shallow regions as the waters off Cape
Cod, the neighborhood of Cape Sable, and the eastern part of Georges Bank,? but
stratification may result in a far denser concentration of the plankton at some
particular level while rendering other strata of water far more barren than the
ostensible volumes per cubic meter (as derived from the usual calculation) would
call for. We have encountered this phenomenon in its most extreme form in the
deeper parts of the gulf, but experience has shown that a greater or less tendency on
the part of the zooplankton, as a whole, to congregate at some particular level is to
be expected anywhere in the gulf in summer, leaving the shoaler as well as the deeper

4' Plankton volumes per cubic meter, calculated from our summer and autumn hauls, have been published already; those for
the yellr 1913in Bigelow, 1915,p. 320; for 1914lind 1915In Bigelow, 1917,pp. 310 and 314; and for 1916In Blgolow, 1922,p, 130.
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layers of water practically deserted except in regions where active vertical currents
keep the water thoroughly mixed. Therefore, it is usually safe to assume that
the plankton is far more densely aggregated at some level, though' perhaps only
through a very narrow vertical zone, than the calculation of volume per cubic meter
would indicate; but since we have occasionally found it rather uniformly distributed
from the surface downward, even in the more stagnant parts of the gulf, no hard
and fast rule can be laid down in this respect.

Vertical stratification may result from a definite vertical migration of various
animals toward the surface during the hours of darkness and downward again at
sunrise, but quite apart from this phototropic phenomenon, which has often been
described in other seas and which I have touched on above (p. 24), the tendency
frequently shown by animals of different systematic groups (one of which may be
and often is far more plentiful than the others) to segregate at different levels during
the warm half of the year-copepods, for instance, at one depth and Sagittee at
another-often causes a very uneven quantitative distribution of the plankton
vertically in-summer and early autumn.

In July and August, 1913, for instance, it was invariably the shoaler subsurface
haul that yielded the largest catch at stations where two such were made with the
horizontal nets at different levels, even after making allowance for the use of nets of
different types, although the reverse might have been expected because of the greater
volume of water strained by the deeper hauls.v Evidently, then, the zooplankton
was usually densest in the upper strata of water during that particular summer, say
from 20 meters down to 50 at the localities of record, which were generally distributed
over the offshore parts of the northern half of the gulf, and it was decidedly less
abundant below 75 meters on the one hand or in the surface stratum on the other.
This rule did not hold during the summer of 1914, however, when it was sometimes
the deeper haul (stations 10215, 10246, 10248, and 10254), sometimes the shallower
(stations 10214 and 10249), that yielded the largest catches, but usually one was
much more productive than the other, as illustrated by the following table:

Comparative catches of horizontal hauls of half an hour's duration (reduced to a column 1 square meter
in cross section) during July and August, 1914-

[The/depth is the level at whichthe major part of the haul was made oJ

Depth Volume
.Date in cubicLocality Station in centl-meters meters
---------

Southwest Basln_u n __________ n __ •___ ._ •_____________ u ____ n _____ ••• _________ u _n ___,_ 10214 July 19_ 30 3,/ili0
160 260

Georges Bank, northwest parL_.___ • ___nn_____ u_ n __ n _________ n __n. _nn _nn.____ . 10216 July 20_ 30 150
60 375

Southeast Deep _____ •___________________ n __________ ••. n •__ nU ______________ •__________ 10225 July 23_ '60 150
240 125

Eastern Basin ____ unn___ ...___ .n____ n _________ •___ u _.n n_. n __ n ____________ n _____ 10249 Aug.13. 60 2, 180
175 600

Northeast Deep., n __ n ___ •. __ •. _. ___________ n __________ •__ nn______ •_________ n ___ n_. 10246 Aug, 12. 50 150
160 1,000

Off Mount Desert Rock ___________ n u ______________ . _______________ •_____ •n n_•• n_ n __ 10248 Aug. 13. {
50 150

150 1,250
Western Basin. _.__________ •__________ . ______________ •_.___ •• ______ •____ . ______________ ._ 10254 Aug. 22_ 75 150

225 625

• Assumed to have fished through three quarters of a mlle.

.. For discussion of these hauls, with necessary corrections, and for the tabulated results, see Bigelow, 1915, p, 327.
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Although it was often the deeper haul that yielded the larger amount of plankton,
all the very rich tow-net catches (2,000 cubic centimeters or more) made in the gulf
during that summer (six in number; see Bigelow, 1917, p. 312) were from depths of
100 meters or less, with the average volume (about 900 cubic centimeters) of all the
subsurface catches made shoaler than 100 meters, almost three times that of .the
deeper hauls (about 350 cubic centimeters), although the latter fished through a
longer column of water on their journey down and up. Thus, it seems that the gulf
is usually richer in zooplankton above than below 100 meters depth during the
summer season, and very rich catches were made in vertical hauls shoaler than that
at the few stations which the Grampus occupied in the gulf during July, 1916
(p. 92; Bigelow, 1922, p. 136).

With the plankton often concentrated at some one level, it becomes more or
less a matter of chance whether a net fishing horizontally hits or misses the richest
zone. Consequently, the yields of the two sorts of hauls, horizontal and vertical, are
often far from paralleL When there is a wide discrepancy between the two it has
usually been in favor of the horizontal net (especially in deep water), for we have
usually made at least one horizontal tow in the productive stratum between 40 and
100 meters at each station, whereas the vertical catch mirrors the plankton content
of the barren strata .combined with that of the rich. Occasionally, however, the
tables are turned, as was the..case on July 23, 1914, on the eastern part of Georges
Bank (station 10223), 'Where the volume per cubic meter taken by the vertical haul
'Was more than seven times as great (2.2 cubic centimeters) as that taken by the
horizontal haul (about 0.3 cubic centimeter) although the depth of water-s-that is,
the length of the column fished through-in the case of the former wasonly 82 meters,
'Whereas the latter. worked for about three-quarters of. a mile. Thus~ the vertical
net must have passed through water much more productive than the level at which
the horizontal net was fishing.. In 1913 and 1914, too, the richest catches with
horizontal nets were not at the stations where the volumes per square meter or per
cubic meter were largest, as calculated from thevertical.hauls, .

It follows from these facts that while the ostensible volumes per' cubic meter
may be a satisfactory index to thedensity of the planktonic population of the Gulf
of Maine in winter or early spring, and in summer at stations where no stratification
is apparent from the yields of the horizontal hauls, and while this calculation may
approximate the truth in very shallow waters generally at most times ofyear, as a
rule it greatly understates the actual maximum density of aggregation of the
plankton in. deep water, making such. regions appear much less prolific as feeding
grounds for pelagic fishes than their richer layers actually are, while crediting .far too
high a plankton content to their more barren strata, as I have pointed out else-
'Where (Bigelow, 1917). .

Owing to the tendency of the zooplanktonic community as a whole to con
gregate in the upper 100 meters of water during the warm months, but at the same
timo to keep some few meters down (p. 24), the seasonal difference between the
volumes of plankton per cubic meter present in March, on the one hand, and in
July and August, 0I:l the other, is actually much greater than the ratio arrived at
by any calculation which fails to take account of its vertical st:ratification. A more



94 BULLETIN OF THE BUREAU OF FISHERIES

nearly correct picture of the summer state results from the assumption that the
entire catch of zooplankton in the vertical net at that season was taken below 10
meters at each station, but that it was only one-third as dense as the ostensible
volume per cubic meter below 100 meters, and correspondingly concentrated above
that level. The results of such a calculation for 1914 are given in the following table:

Volumes of plankton per cubic meter (in cubic centimeters) between the depths of 10 and 100 meters,
July to August, 1914 1

Volume Volume
per cubic per cubic

meter if
Total meter If uniformlycalculatedLocality Date Station depth in as above, dlstrlb-

meters In cubic uted, In
centi-: cubic
meters centi-

meters-----------
Off Cape Cod ___u _______~n-----'h_nn ___.-' ______ h _____n_n __ n_ 00 _______ July 19 10213 110 2.2 1.9CJBouthwestBasln__u _h __ h __ u _n __ u __ n_ n _____ 00_ uU _u _________ u _00 ____ ___dom__ 10214 175 1 .68
Georges Bank: .

70Northwestern part__ h __________________________________ 00 _________________ July 20 10215 1 .85

~11iE~~~i;;~~~~~~~~~ ~ ~ ~ ~~~~~~~~~~~~~ ~ ~ ~ ~ ~~~~ ~ ~ ~ ~ ~~~~ ~ ~~~~~ ~ ~~~ ~ ~ ~ ~ ~ ~
___do__n_ 10216 70 .5 .43
July 23 10223 75 2.6 2.40___doh___ 10224 55 5.3 4,30
July 24 10226 85 2.6 2. 30

~:~~:S6h~~i:: .:==========.;=====================.:========:===:::::===:::
July 23 10225 260 .2 .12
July 24 10227 220 .4 .23North Channel, _______ h ______ n ______ h _______ n ___ u _______________ 00 n _____ July 25 102~ 100 1.9 1.70Near Cape Sable ___•___ n.u_.h_________ •n ________.u__.n____ 00 _____ 00 _____ ___do_____ 10230 50 3.5 2.80Do ________ •_________________________ 00 _______ " ____________________________

Aug. 11 10243 55 2.2 1.80German Bank, , ___ u _________ u ___ u u ___ h_u _______ u _____ u ___ ~ ___ U _____ u Aug. 12 10244 50 .4 .30

~~rtr!f~:I':'o~:__:::::::::::=::::::=.:==:=::::===:::::::=::::::::::::=::::::::
___do_____

10246 100 1.7 1.
_udomn 10247 30 .5 .33

011 Mount Desert Rock ________ n ______ 00 _00 __ u ________ 00_00 ___ n_n _______ u Aug. 13 10248 190 .7 .52Eastern Basin_________________________________________________________________ ___ do. ___• 10249 220 .8 .48011 Penobscot Bay___h _____ ._n•• n_. ________ n __ u __nhnn____ nn ______ •• Aug. 14 10250 145 ;3.3 2.40
011 Cape Ann __u __n.n _h nn_.h _u. _n _____ n __ n ___ ~_n __ u ______ u ______ Aug. 22 10253 140 .6 .42Western Basin___________________________________ •_____________________________ ___ do__n_ 10254 260 1.4 .• 77
Center of gulf near Cashes Ledge __u __hn__ u_ n ______________ . __ •__ u _______ Aug. 23 10255 175 .6 .40

1 For tables of the volume per cubic meter for July aud August, 1913,and for May to October, 1915,see Bigelow, 1915,. p. 328,
and 1917,p. 314.

The most instructive feature of this table is its demonstration that, although
the total amount of plankton present below any given unit of the.sea's surface rules
larger in the-deeper parts of the gulf than in the shallower water,.as a rule it is most
densely aggregated in the coastal belt within the 150-meter contour and. in the
shallows of Georges Bank, no matter which calculation be employed. This was
true, also, in the summer of 1913. In fact, the northeastern part of the deep basin,
where the water bas proved. very productive on several occasions in summer and
early autumn, as well as in late spring, has been the only exception to this rule for
any time of year. .

Enough hauls have now been made to show that the zooplankton (especially
the Crustacea) is usually most densely congregated, summer after summer, in four
rather definite areas-(l) over the eastern end of Georges Bank, (2) in the shoal
water south of Cape Sable, (3) in the deep northeastern basin, and (4) off Massachu
setts Bay out to the 100-metercontour (fig. 39). At the other extreme the western
and southern parts of the deep basin and the coastal belt inside the 100-meter contour
east of Penobscot Bay have never yielded as much as 2 cubic centimeters of plankton
to the cubic meter of water at any season by either. mode of calculation, nor has the
water over the coast bank west of Nova Scotia proved productive except for the
Pleurobrachia swarms so characteristic of that locality (p. 19).
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The most abundant concentrations of plankton which we have yet encountered
in the Gulf of Maine have been off Cape Ood on May 26, 1915 (station 10279, nearly
4 cubic centimeters per cubic meter); on the eastern part of Georges Bank on July
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23, 1914 .(stationl0224, about 5 cubic centimeters per cubic meter); in the eastern
basin on September 1, 1915 (station 10309, approximately 3,5 cubic centimeters per
cubic meter, assuming some stratification); and at the mouth of Massachusetts Bay

75898-26--7
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in July, 1916 (station 10342, at least 4.5 cubic centimeters per cubic meter); but
occasionally it is much more dense than this at one level or other, the volumes just
listed being the minima possible. For example, a horizontal haul of 15 minutes'
duration at 40 meters depth, with a net 1 meter in diameter, off Cape Cod on July
22, 1916 (station 10344), yielded over 6 liters, mostly copepods, which is equivalent
to about 12 cubic centimeters per cubic meter for the water fished through (the tow
covered about one-third of a mile). In fact, it was the richest tow-net catch we have
ever made in the gulf, although the vertical haul indicated only about 2.8 cubic
centimeters of plankton per cubic meter.

ANNUAL VARIATIONS IN ABUNDANCE

Annual variations in the amount of zooplankton living in the waters of the
gulf will mirror the long-time fluctuations in its physical state-may, indeed, be
the best clue to such-and exert an important influence on the growth, local repro
duction, and distribution of the adults of such important plankton-feeding fishes
as herring, mackerel, and pollock.

It is certain that considerable fluctuations of this sort in the plankton do take
place from year to year, as illustrated by the following table of the volumes per
square meter of sea surface for corresponding localities in the summers of 1913-14
and the first week of September, 1915.45

Stations Plankton, in cubic centimeters
per square meter

Locality

1912 1913 1914 1915 1912 1913 1914 1915

-------------
~es~:lne:':;Pn::::::::::::::::::::::::::::::::::::::::::::::: 110002 10087 10253 10306 250 180 60 110

110007 10089 10254 10307 65 80 200 165
Near Cashes Ledge .........·....__................. __......... 10090 10255 "iii309' 120 70 '--425--East Basin, west side ......... __•••.••__................__•••• 10028 10092 10240 30 160 105
German Bank................................................ 10095 10244 10311 60 15 45
011 Lurcher Shoal,....____................................... 10031 10006 10245 10315 30 120 60 50
Northeast corner of basln..______......____........ ___........ 10036 "iiiiiiis'

10246 "iiiaiii' 30 '--"70' 200 ""ii6011Petit Manan Island..................... _.............__• 10033 10247 '25 10
Off Mount Desert Rock .......... __ . ___...... __.............. -------- 10100 10248 -------- -_ .._..--- 220 100 ----..- .....
011Penobscot Bay...............................__.......... 10038 10101 10250 • 10318 20 100 350 25---------------Average............................................__•• ----.... -- ...._-- ...... ------- .. -------- 74 123 117 117

-
11uly hauls,
• A few miles west of the corresponding stations, 1912to 1914.

, From horizontal hauls.

According to these measurements the volume of the plankton was greater in
1913 than in 1914 at all but two stations. As between 1913 and 1915, however,
one year was the richer at some, the other at other localities. However, since the
average is practically the same (or at least did not differ as widely as the probable
error) for the three years, there was apparently no important general change in the
amount of plankton existent in the gulf from 1913 to 1915, though both these years
were apparently decidedly more productive, on the whole, than was 1912 during
the corresponding months (Bigelow, 1915, p. 337). During the summer of 1916
,(a year of low temperatures) the waters off Massachusetts Bay proved more produc-

. II Although different types of nets were used during these year~, the results, reduced to the common standard, wiIl aIlo","
II rough and ready comparison. . .
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tive than we have previously found them at that season, thanks to the abundance
of large Calanus, with volumes of plankton per square meter for six stations along
the shore from Cape Ann to southern Cape Cod (July 19, 1922) ranging from 135
to 250 cubic centimeters (average 208 cubic centimeters), and it was then that we
made the exceptionally rich horizontal net haul already mentioned (p. 96).

Notes on the yearly numerical fluctuations in the local stock of the commoner
copepods will be found under the discussions of the several species.

PLANKTON AS FOOD FOR WHALES AND FISHES

We might, figuratively, conceive of the swimming and floating life of the sea
as a pyramid, with the microscopic plants as its base and the large sharks and whales
as its apex, the latter few in numbers but each enormously destructive of the smaller
organism~ on which it preys. The general thesis that the smaller plankton,
animal and vegetable, is practically the sole food supply for young marine fishes no
longer requires further proof or argument. It likewise so serves for many species of
fish when adult, especially for the schooling fishes, such as herrings, menhaden,
mackerel, shad, and the like. The large adult gadoids, too,feed on plankton to
a greater extent than is generally appreciated. The great basking shark (Oetorhinus
maximue), which is still an occasional visitor to the gulf, is exclusively a plankton
feeder throughout its life, and most of the northern whalebone whales have long
been known to subsist largely on the smaller pelagic animals-several of them
exclusively so-a fact widely heralded in zoological textbooks. .

The literature dealing with the dependence of the larger marine animals on the
plankton has grown to formidable dimensions in the last half century, but very few
first-hand observations have yet been made on the relationships between fish and
plankton in the Gulf of Maine. So-far as these go, however, they show that what
is true of north European seas in this respect applies equally to American waters,
as, indeed, might have been prophesied, allowing for the differences between the
composition of the planktonic communities of the two sides of the north Atlantic
Ocean.

In the Gulf of Maine the groups of Crustacea that are of chief importance in
the diets of adult fishes and whales are the copepods and the euphausiids.Exami
nation of stomach contents at European whaling stations has proved that instead
of subsisting indiscriminately on all sorts of plankton, large and small (as has some
times been taken for granted), or on pteropods (as the Arctic right whale often does),
the planktonic part of the diet of the other species of whalebone whales common in
boreal seas consists almost exclusively of these two groups of Crustacea. While
there is ample ground for the choice of a crustacean rather than a molluscan diet in
the greater abundance of the former than of the latter on both sides of the north
Atlantic, it is possible that the whales in question may voluntarily prefer the harder
and more oily shrimps and copepods.

Thefinback (Balrenopteraphysalus. Linne) ,commonest whale in the Gulf of
Maine to-day, eats a mixed diet of plankton and fish, devouring the latter, particu
larlythe herring, in great numbers, but probably depending more. on the smaller
pelagic animals in the long run. A considerable numberof finback stomachs have
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now been examined by various observers, and in every case (apart from fish) they
have been packed with euphausiids and with euphausiids alone. Thus G. M. Allen
(1916, p. 200) writes that" on the Newfoundland coast stomachs of several finbacks
which I examined contained enormous quantities of the small shrimplike sehizopod
Thysanoessainermis." Lillie (1910), too, found the stomach contents of several
finbacks taken off Ireland in July and August to consist altogether of euphausiids
(in this case Meganyctiphanes) and of fish; and in more than 150 finbacks killed at
the Belmullet whaling station on the west coast of Ireland, Burfield (1913) and
Hamilton (1915 and 1916) found nothing but immense numbers of these same
pelagic shrimps (Meganyctiphanes), with occasional fragments of fish. Nor have
I been able to find any definite evidence that this whale ever succeeds in capturing
copepods, Of any of the smaller plankton for that matter, though, according to
Murie (1865), the stomach of one captured near Gravesend, England, contained
fragments '. of medusee as well as of Crustacea. In short, euphausiids, and these
alone, are its support, apart from fish.

The Atlantic humpback (Megaptera nodosa) , which is not uncommon off the
New England coast, though never so plentiful there as the Atlantic right whale
once was or as the finback now is, subsists on much the same diet as the latter-viz,
fish and pelagic shrimps (euphausiids)-while Andrews (1909) found its close ally,
the Pacific humpback, feeding on the latter alone; smaller planktonic animals have
never been found in humpback stomachs so far as I am aware.

The blue whale, or sulphur bottom iBalsenopterc musculus), which is not un
common along the coasts of the Gulf of Maine and is numerous in Newfoundland
waters, is even more dependent on euphausiids than are the two whales previously
mentioned, for it is not. known to eat fish at all, on the one hand, or copepods, on
the other. All the sulphur-bottom stomachs recently examined (a considerable
number in the total) have been packed with euphausiids alone-Thysanoessa in
whales from Newfoundland (G. M. Allen, 1916), Meganyctiphanes in others taken
off the west of Ireland (Lillie, 1910; Burfield, 1913; Hamilton, 1915 and 1916), and
Euphausia in the Antarctic (Liouville, 1913). The destructiveness of these huge
mammals is illustrated by Collett's (1877, P: 161) statements that SUlphur-bottom
stomachs frequently contain 300 to 400 liters of shrimps, and that occasionally one
is taken crammed with up to 1,200 liters of Thysanoessa. Andrews (1916), too,
writes that this whale. feeds exclusively on euphausiids; Millais '(1906), however,
credits it with a copepod diet.

The North Atlantic right whale (Eubalre'fl,a glacialis), once common in New
England waters though now unhappily nearly extinct there (and with. it the glories
of the New England coastwise whale fishery),' subsists largely on. euphausiids.
.notablyon Thysanoessa (KUkenthal, 1900). Collett (1909), indeed, found nothing
else in right whales taken off the Hebrides and off Iceland. The only eyewitness's
account of its feeding habits in New England waters, for which we must turn hack
nearly 200 years (Dudley, 1734, quotedby G. M. Allen,1916) tells of "this whale,
in still weather, skimming on the surface of the water to take in a sort of reddish
spawn or brett, as some call it, that at some times will lie on the top of the wat~J,'

for a mile together:" From: its geographic situation and mode of occurrencethlS
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FIG. 40.- Mul·giua! fri nge on one of the whalebone plates of II Jinback whale (J3a./w?IO/Jlera.1J1,ySa.!" ) [rom the Gulf
of St . Lawrence. Natural sizo

l f lU. H.- .Murgi nul [l'i ll go Oil oue of th e wl mlebouo pintos of u pollock whnlc (Bali6?/uplcm borcrt lls ) frUlIl l hu lllif
of Maiu ' . Natural size



PLANKTON OF THE GULF OF MAINE 99

Was probably Calanus or other copepods. Unfortunately, little is known of the
habits of the Atlantic right whale, but it is well established that the pollock whale
(Balrenoptera borealis) feeds chiefly on copepods at certain times and places, for
Collett (1886, p. 26) found the stomachs of several, killed off East Finmark in July,
"filled with a fine gritty mass, which consisted entirely of Oalanus finmarchicue,"
with the Calanus occurring" in great numbers and in a tolerable state of preserva
tion" among the hairs of the baleen plates; and since he gives excellent figures of
these copepods, their specific identification is .assured. 'In West Finmark, however,
this same whale has been reported as subsisting chiefly on euphausiids (Collett,
1886). Kukenthal (1900) likewise states that it feeds on these shrimps, and
Andrews (1916) writes that most of the specimens which he opened in Japanese
Waters contained euphausiids only, while a few had eaten fish. G.M. Allen (1916)
and Millais (1906) are therefore fully justified in crediting it with a mixed copepod
(Calanus and Temora) and euphausiid diet.

The fact that only two of the species of whalebone whales known to occur in
the Gulf of Maine eat copepods, while all feed on euphausiids, seems not to have
been appreciated, though established past cavil by the analyses of stomach contents
just mentioned.

It is, I think, impossible to explain this preference for shrimps on the ground
of voluntary selection, for while it is not unreasonable to suppose that whales follow
the schools of Crustacea rather than the soft-bodied Sagittse, crelenterates, or
:mOllusks, copepods (and particularly Calanus) usually abound in northern seas
Wherever euphausiids are plentiful, and finback, pollock whale, and right whale must
gather them all, the large with the small, into their open and expectant mouths as
they swim. With whales, however, just as with tow nets of different mesh, the
fineness of the straining apparatus determines what part of the total- planktonic
population is retained to serve as food. If the whalebone be coarse or comblike, as
it is in the finback whale (fig. 40), the blue-whale, and the humpback, objects as
small as copepods are driven out through the sieve with the outrush of water when
the mouth is closed, while the much larger euphausiids are retained. The pollock
Whale, however, possesses, in the" unusually fine and curly, almost wooly bristles" on
the inner side of the baleen plates (fig.41), so well described by Collett (1886, p. 263),
a straining apparatus so much more efficient as to sift out the copepodsas well as
the larger crustaceans. This is true also of the right whale, with its silky-fine
baleen (Collett, 1909, p. 95) and ability to strain large volumes of water with little
effort.4ft H:owever,the finer the strainer and the better adapted for the capture of
the smaller animals, the less effective it is for capturing fish, as witness the depend
ence of the pollock whale on plankton contrasted with the piscivorous habit of the
finback.

The fertility of the gulf as a feeding ground for whales depends, then, not only
On the total amount and local concentration of the plankton or on its nature-whether
or not crustacean-but equally on the size of the units of which it is composed.
Thus, the abundance of Calanus in Massachusetts Bay and off northern Cape Cod
---------------------~-------------

.0 For II senerel aocount ofIts feeding habitsseeBcddllrd, 1000.
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provided an ideal pasture for the Atlantic right whale, of which it once fully availed
itself, as early records show, but not for the finback, for which the bay is a desert
except when herring or other fish are schooling there or during the brief local swarm
ings of euphausiids. It is common knowledge among fishermen that finbacks
seldom appear in any numbers anywhere in the gulf except when in pursuit of fish.
It is also probable that the volumetric preponderance of copepods over euphausiids
in most parts of the gulf explains the comparative rarity there of the shrimp-eating
blue whale with its very coarse whalebone.

Before leaving this subject I should emphasize that the large, easily recog
nized, pelagic amphipod Euthemisto, locally and temporarily so abundant, has
never been recognized in the stomachs of any of the whalebone whales. Is it not
eaten ~ And if not, why not ~

It is probable that copepods are the main dependence of the basking shark
(Oetorhinus maximus) , whose gillrakers perform the same service in filtering its
crustacean food from the water taken into the mouth as do the baleen plates of the
whalebone whales. I need merely point out that the alimentary canal of a speci
men taken at West Hampton Beach, Long Island, on June 29, 1915, contained a
large quantity of minute Crustacea, "whose reddish bodies lent color to the entire
mass" (Hussakof, 1915, p. 26).

When we turn to the dependence of the smaller fishes on crustacean plankton,
we are confronted by a published record so embarrassing for its wealth (mostly,
however, based on experiences in European seas) that I shall lay only a few of the
more typical examples before the reader, and those most applicable to the Gulf of
Maine.

The unicellular plants have been described repeatedly in zoological literature as
the chief food supply of the youngest larval fishes, and a long list of diatom and peri
dinean species has, at one time or another, been recorded as having been eaten by
themj.but recent studies of the stomach contents of large series of various common
fishes in the English Channel (Lebour, 1919, 1920, 1924) have proved that although
many fish do take more or less diatoms, peridinians, etc., few depend on these uni
cellular forms to the extent that has been generally supposed, even during their
earliest larval stage (cf. also Hjort, 1914, p. 205), but begin to take larval copepoda
and other microscopic animals by the ..time the yolk sac is absorbed, if not sooner.
However, Lebour found the young European flounder iPleuronecteefieeue) subsisting
chiefly on the green flagellate genus Phreocystis up to the time of its metamorphosis,
with other flatfish taking a considerable proportion of peridinians and diatoms, and
this' proved true of young herring less than 10 millimeters long, which also take Halo
sphsera.

Outside of the littoral zone, where the mummichogs (Fundulus heteroclitus)
consume diatoms as well as other small organisms indiscriminately, the menhaden
is the only important Gulf of Maine fish that continues throughout life to subsist
chiefly on diatoms and peridinians, with the most minute of Crustacea and other
animals. These it is enabled to sift out of the water by its fine branchial sieve, as
Peck (1894) long ago described."

41On the feeding habits of the menhaden see also Bigelow and Welsh, 1925, p. 123.
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The menhaden has no rival among the fishes of the gulf in its utilization of this
pelagic vegetable pasture (indeed, Peck (1894) so noted); nor is any other local species
possessed of a filtering apparatus comparable to that of the menhaden (fig. 42a) for
fineness and efficiency, though in European waters its relative, the sardine (Ol't£pea
pilchard't£s) , feeds equally on microscopic plankton as well as on copepods. The
Pacific anchovy also feeds on diatoms and peridinians as well as on zooplankton
(W. E. Allen, 1921, p. 54).48

Among clupeoids, as among whalebone. whales, a direct relationship obtains
between the .fineness of the sieve through which the water taken in through the
mouth is strained-in this case the gillrakers-and the minimum size of the organisms:
that can be retained and utilized; everything smaller passes through. Even the
menhaden (though most of its food is microscopic) is unable to capture the very
smallest\.organisms, such as coccolithophorids and infusoria; and the herring and
alewife, with coarser sieves (fig. 42b), subsist chiefly on organisms with a longest
dimension of at least 0.5 millimeter (copepods or larger animals), which. they select
individually and not by swimming open-mouthed, as the menhaden does 49 (Bigelow
and Welsh, 1925, p. 103).

Experience with the tow net shows that if diatoms are. plentiful enough they
will be picked up by a coarse mesh, and the mackerel, which carries broadly spaced
spines on the long rakers on the foremost gill arch (figs. 42c and 42d)consumes more
or less pelagic plants, and especially the diatom genera Lauderia and Cheetoceros, in
Rritish waters in winter when the fish are in deep water (Bullen, 1908 and 1912).
I know of no direct evidence, however, that mackerel ever feed on diatoms or peri
dinians in the Gulf of Maine unless taken accidentally along with other plankton.

Pelagic Crustacea of one kind or another form the major part of the diet of the
adults of all plankton-feeding fishes other than the menhaden in the Gulf of Maine
and in northern seas generally, and of the fry of all Gulf of Maine fishes; the sundry
crustacean members of the plankton appearing in the lists of stomach contents with
monotonous regularity. For most species of fish, indeed, this is true from the
earlier larval stages onward, as just noted. In fact, Lebour (1920 and 1924) found
that herring, and others as well, devour larval mollusks, small Crustacea, etc., even
before the yolk sac is absorbed. Thereafter the diet of all the species of fish which
she studied consisted chiefly of the latter, most frequently of copepods, adult and
larval, and of Cladocera, with decapod and other Iarvse playing a secondary rMe and
microscopic plants taken only vicariously, except that some larval herring had fed to
sOme extent on unicellular organisms.

Perhaps the most interesting result of Lebour's work, apart from her general
conclusion (1920, p. 262) that copepods, other Entomostraca, and molluscan larvee
are the chief food of nearly all young Sea fish, is tha~ "usually each species of fish
selects its own favorite food, to which it keeps, indiscriminate feeding seldom or never
taking place." .

It would not be safe to postulate the precise larval food of any of the Gulf of
Maine flounders from that of their European congeners, so widely do the latter--

Ii MUllets II1so aubslstlargelyonunicellularplants,but they are onlyaeoidentalvisitorsto the cool watersg!the GuI!o! Maine•
.. It Is easy to watch them doing so In the aquarium.
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differ among themselves in their choice of diet," nor were any of the gadoids common
to American and North European waters studied by Lebour. However, several
North Sea members of the family were feeding on small copepods-mainly Pseudo
calanus-and Calanus was taken freely as the larval fishes grew in size. Dannevig,
too, writes that numbers of newly-hatched cod placed under observation at the
hatchery at Flodevigen, Norway, took no food until the yolk sac had been absorbed,
and thereafter fed from the first on such animals as mollusk larvee, nauplii, etc.,
"seeming to despise the innumerable diatom forms which are likewise present in
the water" (Dannevig, 1919, p. 48). Evidently this applies to the American cod
as well, because young fish 12 to 20 millimeters long have been observed to feed
exclusively on copepods at Woods Hole (Bumpus, 1898), and according to Mead
(1898) copepods are likewise the favorite diet there for young sculpins and sand
launce (Ammodytes).

Judging from the general similarity between the planktonic communities of the
two sides of the North Atlantic, there is every reason to assume that the dietary
lists which Lebour gives for very young herring and mackerel would apply as well
(in a general way) to the Gulf of Maine as to the North Sea. For the former species
this diet consisted chiefly of larval gastropods, with copepods, particularly Pseudo
calanus, next in importance, barnacle (Balanus) and bivalve larvre in smaller
amounts, and with unicellular forms, as just noted (curiously enough, out of about
1,000 specimens 8 to 15 millimeters in length over 700 contained no food); while
the young mackerel had eaten copepod nauplii (chiefly Calanus and Temora) and
crustacean (probably copepod) eggs, with a few ostracods, euphausiid larvee, and
even young fish.

In Norwegian waters, according to Nordgaard (1907), the older herring feed
chiefly on euphausiids and copepods, especially the genera Calanus and Temora,
with ostracods, tintinnids, larval barnacles, Halosphtera, and other small members
of the plankton consumed in smaller amounts. Copepods and euphausiids together
constitute almost the entire diet of the herring in the Gulf of Maine, with fish smaller
than about 4 inches long taking chiefly the former and larger ones taking both at
localities where they are available (Moore, 1898; Bigelow and Welsh, 1925, p. 103).
Young herring, taken while feeding on the surface at Woods Hole, have been found
full of copepods of several species. What is known of the feeding habits of the
alewife tPomolobus pseudoharengus) , and blueback iPomolobus l£stivalis), is to the
effect that they also subsist chiefly on these two groups of Crustacea during the part
of the year when they are in salt water, and that shad (Alosa sapidissima) subsist
on copepods and mysid shrimps. Mackerel, in the Gulf of Maine, have also long
been known to feed greedily on calanoid copepods (the "red feed" or "cayenne" of
which fishermen often describe the fish as crammed full). I have found fish, taken
off Cape Elizabeth, August 12, 1912, packed with Oalanusfinmarchicus and Peeudoca..
lamus elonqatu«; Goode (1884a) found the stomachs of mackerel, taken off Portland in
1874, full of large copepods and euphausiids. The schools of mackerel frequenting
the Bay of Fundy have also been reported as following and preying upon the shoals of

10So far as I can learn there is no record of the stomach contents of the larval witch (OIyptocephalus) or Amerloan plaice
(Hlppoglossoides).
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shrimp (Meganyctiphanes and Thysanoessa), which so often appear on the surface
there (S. 1. Smith, 1879). Richard Rathbun (1889) reports some of the mackerel
that he examined from the southern fishery (off the coasts of Virginia and Maryland
in latitudes 37° 48' N. and 38° 01' N.; longitudes 74° 13' and 74° 21' W.) in 1887,
as full of copepods and others of euphausiids. Dr. W. C. Kendall found the mackerel
on the northern part of Georges Bank feeding on Calanus (probably also Pseudoca
lanus) and on small brown copepods (probably Temora), as well as on other plank
tonic animals .(Bigelow and Welsh, 1925, p. 201); and many more instances might be
mentioned where copepods, euphausiids, or b6th,have been reported as mackerel food
in American waters as well as in European. The larger copepods also enter to some
extent into the dietary of the American pollock (Pollachius virene) in the Gulf of
Maine-witness Willey's (1921) record of a fish taken near Campobello Island with
many Euchmta norvegica in its stomach and some Oalanus finmarchicus and O.
hyperboreus.

Euphausiid shrimps offer as important a food supply for this large and active
gadoid as do small fish. Thus, Moore (1898) describes pollock at Eastport as feed
ing chiefly on them and following them in their appearances and disappearances.
Willey (1921) also found pollock feeding on euphausiids at Campobello. Welsh saw
great numbers of pollock schooling in pursuit of shrimps and greedily. feeding on
them in the neighborhood of the Isles of Shoals in spring, as I have described elsewhere
(Bigelow and Welsh, 1925, p.401).

In the .North Sea region medium-sized specimens of this gadoid (there called
the" coalfish" or "green cod") eat considerable amounts of small pelagic Crustacea,
such as Calanus, Temora, Centrop ages, Pseudocalanus, cirriped larvre, ostracods
(Evadne); as well as euphausiids, in addition to the small fish and to the bottom
dwelling worms and Crustacea that form their staple food.

It is probable that when euphausiids descend toward the bottom in the Gulf of
Maine they become food for the hakes (genus Urophyois), which, in the main, are
shrimp eaters (Bigelow and Welsh, 1925, p. 450), and which are known to gorge on
euphausiids along the outer part of the continental shelf (Hansen, 1915, p. 94). So,
too, the deep-water fish Maorourus (Bigelow and Welsh, 1925, p. 470); and even as
typical a bottom and fish feeder as the cod is known to adopt a pelagic life and to
feed on euphausiids off the north and east coasts of Iceland (Paulsen, 1909, p. 39;
Schmidt, 1904). The common skate (Raja erinacea) also feeds on copepodson
Occasion (Linton, 1901, p. 279), though this is quite exceptional for it..

In North European waters the hyperiid amphipods are a major food for herring
(Brook and Calderwood, 1886), but although the genus Euthemisto is widespread
and at times locally abundant in the Gulf of Maine, I have found no record of
herring feeding on it there, and have recognized none in the stomachs of the Gulf of
Maine herring I have opened. Probably this is due to the mutual geographic distri-,
bution. of the two animals, Euthemisto being most plentiful offshore and herring
along the coast. These amphipods may be expected to form an important item
in the diet of herring on Georges Bank. This is certainly true of the mackerel
there, for Dr. W. C. Kendall found the latter feeding on Euthemisto on the northern
part of the Bank in August, 1896 (Bigelow and Welsh, 1925, p.201). Mackerel taken
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near Woods Hole in summer have also contained Euthemisto (Rathbun, 1896), and
Rathbun (1889) found mackerel feeding largely on amphipods off Virginia and
Maryland in the spring. European mackerel also feed on Euthemisto, and, generally
speaking, the latter are no doubt more important as a source of fish food over the
outer part of the shelf and along the continental edge (where they are constantly
abundant) than in the inner part of the Gulf of Maine; but no evidence is at hand
that any Gulf of Maine fishes depend on them to the extent to which the long-finned
albacore (Germo alalunga) does off the French coast (Le Danois, 1921).

Whenever and wherever thelarvre of decapods are plentiful, all plankton
eating fishes feed on them greedily. In the Gulf of Maine the "megalops" stages
of crabs are of considerable economic importance in this respect. Linton (1901 and
1901a), for example, found many young herring at Woods Hole full of them, and
Doctor Kendall in his field notes records some of the fish in certain schools of Georges
Bank mackerel as packed with them, almost to the exclusion of other plankton.
Larval shrimps, prawns, and lobsters also enter regularly into the dietary of many
fishes in European seas, notably the various clupeoids. In Swedish waters the
young stages of bottom-dwelling shrimps are regularly consumed .by mackerel
(Nilsson, 1914); no doubt also in the Gulf of Maine, though definite information so
far available on this point is scanty. Adult decapods hardly enter into the plankton
of the Gulf of Maine, except for the large deep-water prawn Pasiphrea, which may
be expected to prove a staple food for hake (genus Urophycis).

Sagittre are eaten in considerable quantity by mackerel. Rathbun (1889), for
example, found them in fish taken in the southern fishery off the Middle Atlantic
States, and Doctor Kendall, in his notes, records some of the mackerel taken on the
northern part of Georges Bank during the last week of August, 1896, as full of them.
Sagittre probably will be found to enter largely into the dietary of the mackerel in
Massachusetts Bay in early summer; in fact, whenever they are plentiful (p. 18).
They are also eaten by herring in Scottish waters (Brook and Calderwood, 1886),
and probably this will also prove to be the case to greater or.less extent in the Gulf of
Maine. In the Adriatic Sagittre are also the chief dependence of the young goosefish
(Lophius piscatorius) while it lives pelagic (Stiasny, 1911), which probably applies
equally to the Gulf of Maine goosefish (Bigelow and Welsh, 1925, p. 526). The
American pollock also consumes Sagittre in the Gulf of Maine (Willey, 1921).

The shell-bearing pteropods, represented locally by Limacina retroversa, are
seldom plentiful enough in the Gulf of Maine to be of much importance as a possible
food supply for the schooling fishes there, but when these mollusks do swarm mackerel
would no doubt feast on them, for they are an important food for this fish off the west
coast of Ireland (Massy, 1909). According to Rathbun (1889), mackerel eat L.
retrouersa off the Middle Atlantic States, and mackerel taken off No Mans Land (an
islet near Marthas Vineyard) have been recorded as full of them. In Norwegian
waters, according to Nordgaard (1907), this pteropod also enters into the dietary of
the herring, but as Limacina seems not to have been recorded as herring food else
where in north European seas it probably does not so serve to any great extent in the
Gulf of Maine. Lebour's (1920) observation that young fish of various species not
only had not eaten Limacina, although the latter were plentiful in the tow, but
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refused them when offered in the aquarium is interesting as suggesting that the mack
erel is rather an exception in feeding on this pteropod. Naked pteropods are never
plentiful enough in the Gulf of Maine to be of any importance as food for larger
animals.

Probably all the fishes that eat plankton consume buoyant fish eggs to some
extent, the amount taken depending chiefly on the local supply conveniently available.
Thus Brook and Calderwood (1886) found fish ova more or less prominent in the diet
of Scottish herring, according to the varying abundance of the eggs in the plankton,
and although fish eggs have not actually been recorded from the stomachs of Gulf of
Maine herring there is no reason to doubt that the latter consume them whenever
they offer, as is also the case in the English Channel, according to Lebour's (1924a)
recent studies.

Mackerel also are known to take eggs of their own as well as of other species.
Fish eggs have been found in small mackerel from the Woods Hole region, to quote a
local instance, and in European seas medium-sized specimens of the American
pollock (Pollachius virens) eat considerable amounts of fish eggs among other
plankton.

The only groups of planktonic animals sufficiently plentiful in the Gulf of Maine
to be of any importance in its natural economy, but which are not regularly con
sumed by its fishes in as large quantities as the supply allows, are the medusee,
siphonophorre, and ctenophores. E. J. Allen (1908) and Goode (1884 and 1884a)
record medusse and siphonophores from mackerel stomachs; but this is exceptional,
and although they may bite out pieces of large medusee this is probably for the sake
of the amphipods (Hyperia) living within the cavities of the latter (Nilsson, 1914).
It would not be surprising to find mackerel gorging on Pleurobrachia in the Gulf of
Maine at the places and times when this ctenophore swarms, for .Andrew Scott
(1924) reports mackerel in the Irish Sea full of them during one of their incursions.

The spiny dogfish (Squalus acanthias) feeds to some extent on ctenophores
(Pleurobrachia) in spring, the fish often containing them when they first appear at
Woods Hole in May; and in north European waters this troublesome little shark
sometimes devours ctenophores in such quantity that their stomachs are full of
them (Mortensen, 1912, p. 72, fide Dr. C. G. J. Petersen). The lumpfish likewise
feeds regularly on medusre and ctenophores in European waters, hence probably
in the Gulf of Maine, and the sunfish (Mola mola), which is only an accidental
visitor to the gulf, subsists chiefly on these watery organisms (Bigelow and Welsh,
1925,p. 303); but so far as is known neither the herring tribe nor any of the gadoids
ever eat them-in fact, no Gulf of Maine fishes other than those just mentioned.

With the young fry of the whole fish population of northern seas dependent
for their existence on the supply of plankton, it is but natural that many attempts
should have been made to correlate the movements and migrations of the more
important food fishes with local and temporal fluctations in the supply, either of
the plankton as a whole or of such members of it as serve as the chief diet of the
particular species in question, as well as with the far-reaching physical phenomena
that may be looked on as the ultimate causes of such fluctuations. Thus, to mention
only a couple of examples, Bullen (1908) has established at least a plausible causal
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relationship between the fluctuations in the amount of zooplankton present in the
sea and in the seasonal and yearly catch of mackerel, corroborated by experience
for herring, also, in the Irish Sea (A. Scott, 1924); and E. J. Allen (1908) aroused an
interesting discussion by his tentative hypothesis that the abundance of mackerel
at any given locality depends on the amount of sunshine during the previous months,
sunny weather favoring the multiplication of diatoms and thus affording a rich
pasture for copepods, an abundant stock of which attracts mackerel. Dr. C. B.
Wilson, in a letter, suggests that the diurnal migrations of copepods upward toward
the surface at night and downward by day may be the reason why mackerel and
herring most often school at the surface at night, following the daily migrations of
their prey.

To attempt to connect the fluctuations in the stock or the movements of the
fish population of the gulf, even of such typical plankton feeders as the herring, with
variations in the supply of plankton is as yet out of the question, neither digested
statistics of the catch of the former nor sufficiently definite information as to the
latter having been gathered. However, it is evident that a correlation between the
two must exist, and, as Dr. C. B. Wilson writes, "anything that contributes to a.
detailed knowledge of the presence and movements of the copepods throughout
the year will give us information as to the movements and distribution of the fish,"
and is therefore of as direct interest to the fisherman as to the scientiste .

FOOD OF THE PLANKTON

The study of the stomach contents of the smaller pelagic animals, which to
gether make up the zooplankton, is, as Steuer (1910, p. 622) points out, beset by
many obstacles, principal among which is the rapidity with which the various organic
substances are digested after being eaten, leaving as recognizable in the masticated or
half-digested state only such objects as are provided withspines, bristles, etc., or with
calcareous or silicious shells of characteristic outline. Then, too, it is a common
experience to find whole series of animals, even of the larger species, perfectly empty.

In spite of these difficulties, however, so considerable a body of observations has
been accumulated that the general diet of most of the important planktonic groups
can now be stated with some confidence, and although little attention has yet been
paid to the diets of the plankton of the Gulf of Maine, there is no reason to suppose
that the feeding habits of its various members differ essentially from those of their
north European representatives.

. Among the zooplankton, as among the pelagic fishes, some species or groups are
carnivorous while others depend for subsistence on the unicellular vegetable life of the
high seas, but within the various groups the smaller planktonic animals are decidedly
uniform in their feeding habits. Perhaps as striking an illustration of the-carnivorous
habit as any is afforded by naked pteropods such as Olione limacina, which, so far as
known, live exclusively on other pelagic animals and most often on their own shell
bearing relatives (for instance, on Limacina), which they devour by thrusting the
protrusible proboscis into the shell and tearing the inmate to pieces in spite of its
futile efforts to escape by contracting into the smallest possible compass, as Schie
menz (1906, p. 29) has so graphically described.
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Equally voracious, and far more destructive to smaller animals in the Gulf of
Maine because of its greater abundance there, is the pelagic amphipod Euthemisto.
The few Euthemisto stomachs which I have examined all contained copepods, often
so nearly intact as to show that they had been swallowed whole and were not torn to
pieces by their captor's mandibles, In seven Euthemisto upwards of 20 millimeters
Long, from several localities (stations 10294, 10296, and 10307), the stomachs were
packed with copepods (mostly Calanus, but occasionally Temora), with more or less
other crustacean debris, parts of legs, antennre, etc., and in one instance a fish egg.
The presence of an entire young Euthemisto in the stomach of one adult shows that
this amphipod, like so many other marine animals, is cannibalistic when opportunity
offers. Euthemisto is so large and so active that wherever it is abundant it must
wreak havoc among the Calanus hordes among which it swims. Probably it
materially decimates the stock of copepods existing all along the outer edge of the
continental shelf (p. 165), and it may also be a serious enemy to them locally and
temporarily within the gulf. Small individuals of Euthemisto feed on unicellular
organisms as well as on Crustacea, specimens about 10 millimeters long 51 from the
western basin, August 31,1915 (station 10307), containing more radiolarians (Acan
thometron) than copepods.

Decapod larvre, so abundant at times in shallows and in coastwise waters, are also,
as a rule, carnivorous in their later stages (vide Steuer's (1910, p. 631) account of
zoeas devouring young fish, smaller Crustacea, etc.). Lobster larvre also feed
greedily on other young decapods of smaller size (Weldon and Fowler 1890), their
cannibalistic habit being the bane of the fish-culturist. Lebour(1922), however,
describes crab zoeas as also eating green plant cells, Phreocystis, and diatoms, most
often Coscinodiscus among the latter. The young lobster also consumes diatoms
in large amount, likewise fragments of algre during its pelagic life (Herrick, 1896),
and this is probably true of most other decapods, if not of all Crustacean larvre
at least when they are newly hatched and until they are large enough to capture arid
subdue more active organisms. '

Sagittre are strictly carnivorous and so active, fierce, and well-armed that it is no
wonder they are recorded as feeding on things as far apart as tintinnids, crustaceans,
other Sagittre,' and young fish. Among the Gulf of Maine species, S. maxima is
notable in this respect, for while the COmmoner S. elegans and Eu7crohnia hamata are
usually empty or contain, at most, oil globules or unrecognizable debris, I have on
several occasions found S. maxima that had perished in the preservative while in .the
act. of devouring animals as large as Euchreta and Tomopteris, as well as their own
kind, or containing in their guts newly-swallowed copepods or smaller Sagittre of other
species. Lebour (1922 and 1923) speaksof the larval herring as frequently falling
victim to Sagittre, which maybe serious enemies when as plentiful as they often are
in. the Gulf of Maine. .

. It is probable that the' comparative scarcity of copepods, often remarked
at the precise Ievels, localities, or times when. Sagittre abound, is direct evidence
O'fthe extent to which the latter may reduce the stock of their prey. But of all-the
lllembers of the plankton, the most destructive to smaller or weaker animals are the

II Eutliemlsto as small as this can contain but one or two large copepods at the most',
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several ceelenterates, and especially the ctenophore genus Pleurobrachia, a pirate
to which no living creature small enough for it to capture and swallow comes amiss.
Small Crustacea of all kinds, other ceelenterates, Sagittee, fish eggs, and even fish
of considerable size all are devoured, and so clean does it sweep the water with its
trailing tentacles that wherever these ctenophores abound practically all of the
smaller animals are soon exterminated.

The larger ctenophore Beroe is even more voracious, though, fortunately for
the productivity of our seas, it is less numerous than Pleurobrachia, As Chun (1880)
long ago observed and graphically described, Beroe feeds on its own relatives, even
on other ctenophores many times as large as itself, as well as on whatever else it can
capture. Lebour (1922 and 1923) found it dieting chiefly on Pleurobrachia, also
to some extent on other ctenophores and diatoms, while we ourselves have often found
Calanus and other copepods in its gastric cavity.

Mertensia is no less voracious, for I have seen one individual of this genus
which "had entirely engulfed a young sculpin (Acanthocottus qrcerdamdicu« Fabricius)
no less than 21 millimeters long, the victim being doubled up so as to fit into the
digestive cavity of its captor" (Bigelow, 1909a, p. 317). The various species of
medusee, large and small, all belong to the piratical category, and the total destruc
tion they wreak on euphausiids, copepods, appendicularians, the various larval forms,
etc., is beyond any estimation. Even animals as active and themselves as voracious
as Sagittre may fall victims to medusee (Obelia) far smaller, as Steuer (1910, p. 631)
describes. The siphonophores, too, of which our waters support one species in
abundance (p. 377), destroy countless copepods, etc.

The common boreal euphausiids, important in the faunal community of the Gulf
of Maine, may typify the planktonic animals that feed chiefly on pelagic vegetables,
but which also consume animal food in less amount. Thus Lebour (1922) found
bits of green weed, diatoms, and fragments of mollusks in Nyctiphanes couchii.
Paulsen (1909, P: 48) records Thysanoessa inermis from Icelandic waters stuffed
with the diatoms Asterionella, Chretoceras, and Coscinodiscus, and describes Megany
ctiphanes as full of these same diatoms,with tintinnids (Cyttarocylis), peridinians
(Dinophysis, Ceratium, and Peridinium), and Globigerinain addition; but his dis
covery of crustacean debris (Calanus antennse recognizable among it) in the.stomachs
of both these species of pelagic shrimps proved that they had also eaten smaller
Crustacea-some of the specimens examined had, indeed, partaken of a purely
animal diet. Holt and Tattersall (1905, P: 103) likewise found some examples of
Meganyctiphanes with the leg basket more or less stuffed with prey, including
copepods, schizopods, and decapod larvee, Limacina and other animal debris, and
one with the tail of a young fish actually in its mouth. Lebour(1924a) reports
Meganyctiphanes feeding on Sagittre, Crustacea, and dead specimens of its own
kind in the aquarium. We can substantiate these observations in part, having
recognized algal filaments and diatom debris among the mass of finely comminuted
particles (themselves, to judge from their brownish green color, probably vegetable
in nature) with which the alimentary tracts of numerous specimens of Meganycti
phanes from various parts of the gulf are packed, and we have often found specimens
of this shrimp carrying loads of small crustaceans. For example, one taken off Cape
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Cod on December 29, 1920 (station 10491), had a dozen or more Metridia and as many
Peeudocalanus, five or six large Calanus, the siphon and part of the stem of a Ste
phanomia, besides a considerable mass of diatoms (Rhizosolenia) and some unrecog
nizable animal debris clasped between its thoracic legs. Several others taken at
random from a large catch of these shrimps, made in the northeastern corner of the
gulf on June 10, 1915 (station 10283), carried packs consisting chiefly of Calanus,
occasionally a Euchreta, and Pseudocalanus, matted together with unrecognizable
vegetable debris. One had a starfish larva and two eggs, probably of its own species,
with the young nauplius almost ready to 'hatch out. Lest the reader think this
omnivorous diet is at all seasonal, I may add that most of the Meganyctiphanes
taken in the eastern basin on August 7 of that year carried loads of Calanus, Metridia,
and Temora, with the cladoceran genus Evadne in great numbers, besides algal
filaments and debris, the origin of which I could not determine. At Eastport,
too, I have seen Meganyctiphanes clasping bits of herring refuse from the sardine
factories.

Up to very recently the method by which euphausiids gather their food had not
been actually observed in life, but since the preceding lines were written, Lebour
(1924a, p. 405) has described the food as "brought to the thoracic limbs bya current
from behind, set up by the movement of the abdominal limbs, the thoracic limbs
forming a sort of basket-like receptacle for the accumulated food." Thus with the
bristly armature of their legs they sweep the water for their prey' just as barnacles
do, gathering whatever copepods, Cladocera, diatoms, peridinians, or indeed small
animals or plants of any sort, come within their reach as they dart to and fro in the
water.

The nourishment of the marine copepods remained a riddle until Dakin (1908)
found that the alimentary canals of hundreds of Calanus, Pseudocalanus, Centro
pages, and other genera of copepods from the North Sea contained chiefly diatoms.
He counted up to 200 diatom shells in the stomach of a single copepod, with peridin
ians and a green substance (previouslynoted byother students), apparently the remains
·of shell-less unicellular plants. Esterly (1916) has similarly described the contents
of the guts of several hundred copepods (mostly Calanus) from San Diego, Calif.,
as consisting chiefly of Coscinodiscus and other diatoms, silicoflagellates, Dinophysis,
Peridinium and otherperidinians, and of coccolithophorids. Lebour (1922) also
found diatoms of various species, Phreocystis, coccoliths, and peridinians in Calanus;
diatoms and green remains in Pseudocalanus; diatoms and flagellates in 'I'emora;
and Phreocystis in.Anomalocera-

Murphy (1923, p.450) writes that thecopepod Oithonananaate kelp and
diatoms in the aquarium, and we have recognized remnants of Thalassiosira in sundry
specimens of Oalanus, and. Thalassiosira,Chretoceros, and Biddulphia in Metridia
from Massachusetts Bay at the time of the vernal diatom flowering. Diatomfrag
lUents have also been detected repeatedly in the excreta of copepods, which are
familiar objects in the catches of tow nets, but Esterly's. (1916) discovery of an oc
casional naupliusand copepod fragment in copepod stomachs proved that they
are not exclusively vegetarian. Lebour (1922) has more recently. found .that
the large' blue copepod Anomalocera may feed largely on micro-Crustacea, while
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smaller copepods form a considerable item in the diet of 'I'emora. Calanus, however,
she found chiefly vegetarian, and Pseudocalanus perhaps exclusively so. Marshall's
(1924) more recent study of the gut contents of large numbers of Calanus .taken
throughout the year in the English Channel corroborates this, diatoms proving the
chief article of diet in spring and autumn with peridinians (curiously enough, however,
no Ceratium) in summer. Silicoflagellates were also eaten in small quantities,
while a few of the Calanus had eaten other copepods, molluscan larvee, and tintinnids,

All the Tomopteris I have examined have been empty, which has been the
experience of most students, but it is probable that they are vegetable feeders chiefly,
Lebour (1922 and 1923) having found diatoms their principal diet, with some green
flagellates. Tomopteris, however, sometimes turns carnivorous, for she watched
one swallow a Sagitta whole and saw another that contained a larval herring. All
the shell-bearing pteropods (Limacina retrooersa, for example) are also vegetarian,
dieting chiefly on diatoms. The Salpee likewise feed on diatoms, peridinians, and other
small organisms, animal as well as plant, their gut contents and fcecal masses having
long been a treasure house to the student of the microscopic plankton. For example,
the "guts" of large S. tilesii collected south of Nantucket Lightship in July, 1913
(station 10061), contained a varied assortment of diatoms, Peridinium, and Ceratium,
besides an occasional newly-hatched Euthemisto; but the most successful captors
of the unicellular pelagic plants are the appendicularians, which, thanks to their
very fine-meshed straining apparatus, are able to utilize gymnodinids, rhizopods,
naked flagellates, coccolithophids," etc., forms so tiny that for the most part they
pass' through the finest tow nets. Appendicularians likewise devour the larger
protozoans and unicellular plants. For example, a large Oikopleura vanh~ffeni from
the neighborhood of Lurcher Shoal (May 10, 1915, station 10272) was packed with
the horns and other fragments of Ceratium, besides small Peridinium of several
.species, tintinnids, and silicoflagellates (Distephanus).

None of the pelagic tunicates are plentiful enough in the Gulf of Maine to make
serious inroads on the phytoplankton. In the Gulf Stream to the south Salpee
sometimes occur in hordes, and on such occasions strain the water bare (Bigelow,
1909).

Among the unicellular planktonic animals the infusorians are proverbially rapa
cious. The tintinnid genus Cyttarocylishas been found to contain a great variety
of microsocopic organisms-e. g., -Peridinium, Dinophysis, Goniaulax, and diatoms
(Lebour, 1922)-and even the Infusoria, which are provided with chromatophores,
are known to take solid food (Steuer, 1910, p. 627); Radiolarians engulf diatoms,
tintinnids, and other Infusoria; hence" when Acanthometron swarms in the gulf
(p. 460) it must locally take heavy toll of.other microscopic animals and of planktonic
plants. Foraminiferaare also rapacious animals, but have never been found plentiful
enough in the plankton of theGulfof Maine to be of any great importance in the
economy of its planktonic communities.

On the-border line between plant and animal, so far as their mode of nourishment
is concerned, stand theperidinians, for while the shelled forms are typical producers

.. ' C'
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the naked peridinians have repeatedly been found to contain other peridinians,
Phreocystis, and occasionally a diatom."

It is a question of moment in the economy of the sea, and of practical bearing
on the fisheries problems of the gulf, to what extent the sundry carnivorous mem
bers of its plankton menace the survival of the stocks of larval fishes that are produced
there.

The preceding pages contain sundry instances of planktonic animals eating
young fish, which could be multiplied manyfold from published reports, were this
worth while. In .the Gulf of Maine it is probable that the most deadlyenemies of
newly-hatched fishes are the medusee, ctenophores, and Sagittre. The. rapacity of
Mertensia andPleurobrachia in this respect has been mentioned; when and where
the latter are abundant (as is so often the case on German Bank) it is hard to see how
any larval fishes can escape their constant fishing. Pleurobrachia is. also known to
devour buoyant fish eggs of various species. In view of its local abundance, this
ctenophore must be a serious enemy to the propagation of cod and haddock over the
banks to the south and west of Cape Sable. Lebour (1925) has also reported Bolin
opsis, another ctenophore plentiful in the gulf (p. 372), as devouring larval goosefish
(Lophius) in the aquarium; no doubt it accepts a fish diet. equally in nature.

.The two medusee which are most abundant in. the open waters of the guH__
Aur.elia and Phialidum-c-are.ulso proven fish eaters, as are others plentiful in the
coastal zone,5~ and the swarms Of both of these which we have frequently encountered
(pp, 350, ,362) must take heavy toU of the little fishes that cross theirpaths.

With Sagitta elegans soplentiful and so widespread in the gulf, it, too, must de
stroy great numbers of young fish; must, then, be as serious a menace to the stock
of herring, etc., in the Gulf of Maine as Lebour (1923) has found it in the English
Channel. It may, perhaps, be named the most effective check among all the plank
tonic. category to the local propagation of such fishes as pass througha prolonged
planktonic stage, and this incudes most of the important food-species of the gulf.
I have found no published record and have seen no actual instance. of the amphipod
genus Euthemisto eating fish; but in view of its known rapacity it is likely to do so
when occasion offers. Decapod larvee certainly do (p. 107), and these are abundant
locally near shore at certain seasons. Euphausiidsalso eat fish to some extent,
though probably it is a minor article in their dietary (p, 108).

It is fortunate, indeed, that the copepod species which so usually dominates the
plankton of the gull (Oalanus finmarchicus) is not a fish eater (at least, it is not
known to eat fish). Were the blue copepod Anomalocera as plentiful as Calanus,
hardly a young fish could survive. As it is, few can "run the gauntlet" of the
tnedusse, ctenophores, Sagittre, and crustaceans that prey upon them; and 1;10 many
species (and these plentiful in the gulf) of these groups are now known to prey on
fish larvee that they are almost certainly the most effective check on the survival of
the countless myriads of young fish that are yearly produced in the gulf. There is
good reason, then, to believe that the fluctuations known to occur from year to year

61 Lebour (1922) has recently given a eonslderable diet list for Amphldlnlum and Gymnodinium•
. ' II Lebour (1923, 1924) found Aurelia, Phlalldlum, Aequorea, Obelia, Laodlcea, Rathkea,aod Bougalnvllleafeeding .on young
flsh; likewise several other medusa and Pleurobrachla. .

75898-26--8
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in the stocks of herring, mackerel, haddock, etc., which are reared in the gulf,
depend more on the abundance of the rapacious members of the planktonic com
.munity (and especially on the abundance of Sagittre, medusee, Pleurobrachia, and
Euthemisto) than on any other one factor. If plankton studies need any defense
from the standpoint of the fisheries we need look no further.

THE MORE IMPORTANT GROUPS OF PLANKTONIC ANIMALS

MOLLUSKS

In coastal and estuarine waters generally the larval stages of mollusks are
abundant in the plankton, but in the open gulf they hardly figure in the catches,
leaving the pteropods as the only molluscan group that is a regular factor in the
planktonic community. The cephalopods are also considered briefly because of
their importance in the natural economy .of the sea, although so large and such
active swimmers that they are not properly" plankton." '.

CEPUALOPODS

Only two of the considerable list of cephalopods recorded at one time or another
from the coasts of New England (for a complete list see' Johnson, 1915) playa role
of any importance in the pelagic life of the Gulf of Maine, but. these two-LoZigo
pealii Lesueur and Illez illecebrosa (Lesueur)-are extremely abundant locally in
.their proper season, when they form one of the principal sources of bait for fisher
men. While, on the one hand, their young provide an important element in the diet
of various larger fishes, the adult squids devour innumerable fish fry.

So active are these cephalopods and so easily do they avoid small or slow
moving gear that we have never taken a single specimen in our tow nets. Indeed,
I can, from .mY own experience, verify Verrill's (1882, p. 306) statement that it
is hard to capture them with a dip net, even when confined in a fish pond or weir.
Hence I can offer the reader only a brief summary of accounts published pre
viously, with such notes as have been gleaned from personal observation on the
beaches, and from accounts given me by fishermen and other observers.

Loligo is the common squid south of Cape Cod, Illex north of Cape Ann, with
the ranges of the two overlapping in Massachusetts Bay. Illex also occurs, if less
commonly, as far south and west as the Woods Hole region (Sumner, Osburn, and
'Cole, 1913a). Loligo, on the other hand, has long been known occasionally as far
north as Penobscot Bay, and Dr. A. G. Huntsman and Dr. A. H. Leim write me
that it has recently been found to be quite common in summer in various estuaries
of the Bay of Fundy; for instance, Passamaquoddy Bay, Scotsman Bay, and Cobe
quid Bay.

Since more is known of the life history of Loligo than of Illex, it may be con
sidered first. Loligo is common in theWoods Hole region from April or May until
November but disappears during the winter. During the 10-year period,1900 to
1909, the earliest captures ranged from April 16 to May 7 (Sumner, Osburn, and
Cole, 1913a), which probably applies to Massachusetts Bay, though, taking one
year with another, this squid appears there later in spring and disappears earlier in
autumn than it does along the southern coast of New England. During the late
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II 'I'hls squid has often been reforred to the genus Ommastrephes, Recent students ef the eephalopods, however, unite In
referring It to Illex,a genusfounded by Stcenstrupforthe receptionoflts Europeanrelative,1.colndefi. For a recentdiscussion of
lllex see Pfeffer (1008 and 1912).

spring, summer, and early autumn Loligo is extremely common both south and
north of Cape Cod, passing part of the time on or near the bottom,but often seen
swimming in shoals near the surface, and it is taken in great numbers in fish traps
and weirs and even in eelpots. Many specimens have likewise been dredged. Along
the shores of southern New England it breeds from May until September, orlater.
I am informed by W. F. Clapp that he has frequently found its eggs in Duxbury
and Plymouth Bays from June until October, and in the Bay of Fundy its eggs and
larvee are reported by Doctor Leim in August and September. Since Verrill (1882)
notes the capture of considerable numbers in .breeding condition near Cape Ann as
early as May in 1878, it is safe to credit it witha breeding season enduring throughout
the warmer half of the year over the major part of its range. The eggs, which
adhere together in bunches of hundreds of. gelatinous capsules, attached to some
fixed object, are laid chiefly (perhaps not exclusively) in depths varying from just
below tide mark down to 50 meters or so and have been trawled in large numbers
on every sort of bottom south of Cape Cod (Verrill, 1882; Sumner, Osburn, and
Cole, 1913a). It has been estimated that individuals of the European representa
tives of this genus may lay as many as 40,000 eggs.

According to Verrill, hatching takes place from June until October south of
Cape Cod; probably during these same months along the shores of Massachusetts
Bay, according to Mr. Clapp's observations. We. owe to Verrill (1882) an extensive
series of measurements of the young squids at various.seasons, and though he found
it difficult to follow their rate of growth, owing to the protracted period over which
spawning endures, his general conclusion was that June-hatched squids attain a
Inantle length of 60 to 85 millimeters by November; that the smallest have grown
to about 150 to 180 millimeters when they.reappear the next May; that the later
hatched summer broods are about 60 to 80 millimeters long in the following spring;
and that the largest adult breeding squids are probably from 2 to 4 years old. The
young squids, from less than 6 up to 25 or more millimeters in length, often swim near
the surface, where they have been taken in immense quantities with the tow net.
Mr. Leim Informs me that he towed young Loligo 2to 4 millimeters long in Cobe
quid Bay, Bay of Fundy, in September, 1921. Nevertheless, although young Loligo
Inust be produced in myriads on their main breeding grounds, the larval stages are
so closelyconfined to the coastal or inclosed waters of their nativity during their
first summer that we have never taken them even in Massachusetts Bay (though
they spawn abundantly in its tributaries) or anywhere in the open Gulf.

It is not known whether this squid moves offshore as the water chills in autumn
or whether it passes the cold season inshore on the bottom. There is, however, some
slight presumption in favor of the latter alternative, for it seems to be strictly a
coastal form, which, so far as I can learn, has never been reported from the offshore
banks in summer or from deep water.

North of Cape Ann Loligo is always far outnumbered, and, except for the small
Bay of Fundy colony, is practically replaced east of Penobscot Bay by Illex illece
brosa,55 a squid much resembling it in appearance but easily distinguished (indeed it
---------------------------------
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belongs to a different family) by its perforated eyelid as well as by its shorter fins.
It has long been known that this beautiful animal is very abundant from Massa
chusetts Bay northward to the shores of Newfoundland and Labrador, and my own
observations lead me to believe that its numbers increase from southwest to north
east around the coasts of the Gulf of Maine. However, though its economic value
has been fully appreciated by fishermen for over a century, and while it has often
been referred to in scientific, literature, practically nothing is known of its life
history.

IIlex appears along the shores of the gulf in late spring or early summer (1 have
been unable to find anyrecord of the exact date of its vernal arrival), is found very
plentifully there throughout the summer and early autumn, and vanishes from the
coast some time in October or November. According to reports by fishermen it
is present offshore in winter, though not to be found in the coastal zone at that season,
a phenomenon to which 1 shall have occasion to recur.i, During its season IIlex
occurs even more abundantly than does Loligofarther south, the vast schools
in which it visits the coast having been described long ago by Verrill.· Owing to a
habit of stranding, the presence of, this squid is very evident, as it oftens comes
ashore in large numbers on the beaches from Cape Cod to the Bay of Fundy. On
the islands near the mouth of the latter, in particular, 1 have found them, as did
Verrill, in windrows on the flats in August and September, stranded squids being a
familiar sight there to everyone. At low tide shoals of squid may often 'be seen
darting to and fro over the sand or struggling in the shallows. For some inscrutable
reason the squid, once aground, seems forced by instinct to drive farther and farther
ashore-throw it out ever so often into deeper water, and it shoots, arrowlike, back on
the beach, to perish there as the tide ebbs. This fatal habit causes the destruction
of multitudes of squid, as long ago recounted by Verrill and by Smith and Harger
(in Verrill, 1882, p. 307), who tell us that when in pursuit of young mackerel many of
the "squids became stranded and perished by hundreds, for when they once touch
the shore they begin to pump water from their siphons with great energy, and this
usually forces them farther and farther up the beach." "It is probable, from various
observations," says Verrill (1882, p. 307), "that this. and other species of squids are
mainly nocturnal in their habits, or at least are much more active in the night than
in the day." Certainly it is at night that they most often enter the weirs and pounds.
During the dark hours in summer and autumn the presence of shoals of squid is often
disclosed by their phosphorescent wakes, Hjort (1912,p. 649) describing the common
Norwegian squid, of the genus Ommastrephes, as "moving in the surface waters like
luminous bubbles,resembling large milky white electric lamps being constantly lit
and extinguished." The Gulf of Maine IIlex, however, is often seen swimming near
the surface during the daytime as well.

Whenever and wherever found, these squids are extremely voracious, and the
schools that run ashore often do so in pursuit of fish fry. At the mouth of the Bay of
Fundy, both in summer and in early autumn, 1 have seen them eagerly following the
schools of young herring, which in their turn are feeding upon shrimps (euphausiids),
often so common in the surface waters there (p, 135). 1 can corroborate Verrill's
observation that squid stomachs are then often distended, both with shrimp and
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with fragments of herring, having found this to be the case in dozens of specimens.
Young mackerel, too, suffer from their attacks, and we owe to Smith and Harger
(quoted by Verrill, 1882, p. 306) a graphic account of.their pursuit of the latter among
the wharves of Provincetown Harbor during the month of July. Particularly inter
esting is their activity at such times, the ferocity of the attack, and the deadly nature
of the single bite. The cannibalistic habits of Illex have likewise been commented
upon, its own young being a common articleof diet. This squid,.like so.many of the
pelagic fishes, is very erratic in its appearance, ,being here to-day in hordes and gone
to-morrow, perhaps to reappear in a few days. '

Illex provides a valuable source of bait.for the offshore fishermen. It has been
estimated that at one time squid formed fully half the bait supply of the vessels
resorting to the Grand Banks (Goode, 1884), and we have record of 30;000 to 40,000
taken in one Newfoundland harbor in a single day. Probably Illex never occurs
in the Gulf of Maine (which is the southern outpost of its regular range) in such
abundance as this, but as long ago as 1897 the squid fishery of Massachusetts Bay
alone (no doubt this and the preceding species combined) yielded over a thousand
barrels of bait, and in 1902. the catch of squid in Massachusetts was upward of
5,000,000 pounds. At one time or another large numbers are taken .by various
:methods all alongthe coasts of the Gulf as well as on the offshore banks. So voraci
OUs and active-an animal, and one at the same time so numerous.rmust.takea heavy
toll of the young fish, not to mention the various planktonic animals.

Illex is probably to be classed as an oceanic animal, for it occurs commonly on the
Grand Banks far from land and is often plentiful: on.Georges,Bank as well. Probably
its vernal appearance and continued presence off the, coasts of the gulf of Maine
throughout the summerare to be explained. as a feeding migration (certainly this
has nothing to do with its i;lpawning);while its disappearance frorn the coast in
auturim is part of a general offshore l,llovewent. ,Mr. Clapp's capture ofsevera:I
large specimens on Georges Bank (taken in otter trawl) during the last week of.Novem
bel.' in 19i i harmonizes with thissug/?estion.. The fact,that aw:ha1e (species unknown)
that stranded on the south shore of Cape Cod on January 29, lSe9,contained ir
its stomach thousands of' Illex beaks 56 belonging to squids 'of about 12 to 15 inches
bodylength throws no light onthispoint, for it may have eaten them many miles
aWayfrom where 'it came ashore. We have rio other winter records for Illex from the
Gulf of Maine:

Nothing is known of the breeding habits df this squid; its eggs have never been
found, nor have its newly hatched young been recorded." However, it is 'safe to
say that it does riot spawn along the coast of the Gulf. of Maine at any season, for
all the adult squids examined by Verrill and all that I have seen have been sexually
inactive. Neither did McM:urrich find its'young at any season in his tows at 'St.
Andrews. Indeed, the, smallest Gulf of Maine specimens of which we can learn are
One of about 10 centimeters, reported by Capt. H. E. Calder near Campobello, at
---------------------------------:-----:--

II Some hundreds of these are preserved In the collection of the Museum of Comparative Zoology. Their Identity has been
rtllbllshed by Mr. Clapp by comparison with the beak dissected from lin IIIcxfrom GeorgesBank, which measured about 14Inches
n length from the edge of the mantle to tip of tall.

I! One with a mantle measuring only 33 mIlUmeters In length Is recorded by Pfeffer (1912).
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the mouth of the Bay of Fundy (date unknown), and others of 16 to 19 centimeters,
taken off Shelburne, Nova Scotia, in July, 1921.58 Very likely its eggs are pelagic,
as are those of some of its relatives, but it is certain that they do not occur regularly
among the plankton of the Gulf of Maine, pelagic squid eggs (at least such as I have
seen in the West Indies) being very easily recognized at all but the very earliest stages
by the characteristic embryo.

In European waters Illex illeoebroea is replaced by the form 1. coindeti, so closely
allied that Pfeffer (1912) regards the difference between them as no more than
subspecific. 1. coindeti ranges from Scottish waters to the Mediterranean.

No squids other than Loligo and Illex have ever been found in any numbers in the
Gulf of Maine, nor is it likely that any other species are ever numerically important
in its' pelagic fauna, with the possible exception of the boreal-arctic Gonatue fabricii.
There is only one actual record of this species from the Gulf, a single specimen taken
from the stomach of a cod near Seal Island, off Cape Sable (Johnson, 1915) j but since
its Iarvee have been taken at several localities between Newfoundlandand Ireland,
once, even, close to the southern edge of the Grand Banks (Hjort, 1912), the adult
(which resembles Illex so closely that it might well be overlooked among the shoals of
the latter) may be more common along the coasts of Nova Scotia and even in the
Gulf of Maine than the paucity of actual records suggests. Finally, we may note
that no "giant squids" seem ever to have been found in the Gulf of Maine.

PTEROPODS

Llm.acina retroversa Flem.ing 50

This shelled pteropod, a boreal form known from l~titude about 50° to northern
Norway, off the European coast, and from latitude about 34° to the southern part
of Davis Strait, in the. western Atlantic, is one of the most characteristic of the
permanent pelagic inhabitants of the Gulf of Maine, where its numbers depend on
local reproduction and not on immigration fromelsewhere. It is the only pteropod
of which this can confidently be asserted. Although it has now been taken in all
parts of the gulf at one season or another, it is, as I have previously pointed out (p. 45;
Bigelow, 1917, p. 299), far less regular in its. occurrence in the gulf than certain
of the' calanoid copepods, the amphipod genus Euthomisto, or Sagitta elegans.
It has commonly been our experience to find it comparatively plentiful at one station
but rare .or absent at another hard by. Similarly, waters where the nets yield an
abundance of Limacina on one visit may prove quite barren of it a few weeks later,
as was the case in the spring of 1920 on the eastern part ofGeorges Bank, where large
Limacina were plentiful on March 11 (station 20065), but were sought in vain on
April 17 (station 20111). Limacina was present on one cruise and ubsent on the
next, or vice versa, at several localities during the season of 1915, notably off Mon
hegan and Matinicus Islands and in the northeast corner of the basin oithe gulf.

18 Informlltlon supplied by Doctor Huntsman.
61 I follow Meisenheimcr (1905) in uniting under this name the L. relroveraa and L. balea of the early malacologtsta. Donnevie

(1912), it Is true, has separated the two once more, basing the distinction partly on the shape of the shell (in Whichcharacter,
however her specimens intergraded) and partly on the structure of the radula; but W. F. Clapp writes that "a careful'exami
nation o( the quantltles of Llmaelna from flhe Gulf of Mabie has shown that it is impossible to consider tho material as belonging
to more than one species."
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As appears from the accompanying charts (figs. 43 and 44), this pteropod has
been taken over all the offshore waters of the gulf, on Georges Bank, and over the
continental shelf off Nantucket. During our summer cruises (the season for which
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our records are most extensive) it has appeared at rather more than half of all.the
stations, but the regularity of its distribution differs from ~ummer to' summer..'
For example, it was practically universal over the deeper parts of the gulf in August,
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1913 (Bigelow, 1915, p.302), whereas in July and August, 1912, we found it only
in the northwest part of the gulf, on the one hand, and over German Bank, on the
other. (Bigelow, 1914, P: 120), At the same season in 1914 we found no Limacina
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off Penobscot Bay, where it had been plentiful during the two summers preceding,
but towed numbers of them in the northeastern corner of the gulf (stations 10246
and 10247) not far distant, and likewise in the Eastern Channel, overthe northwest
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part of Georges Bank,and off Cape Cod (Bigelow, 1917, pp. 298 and 299). We
have not taken Limacina on Browns Bank either in spring or in summer, but since
it has appeared at several of our stations over. the shelf farther east, as well as on
German Bank, in June, July, and August, and in the eastern basin of the gulf in
March and April, it is more likely that our failure to find iton Browns Bank was
accidental than that this pteropod does not occur there.

Our most productive summer catches of Limacina retrooersahave been as follows:
On July 29, 1912, we encountered a swarm ofjuveniles off Casco Bay (station 10019);
in 1913 great numbers were taken off Nantucket on June 21 (by Capt..John McFar
land, lat. 40° 45' N., long. 70° W.); off Penobscot Bay, August 11 (station 10091);
and near Cape Elizabeth, August 15 (station 10104); while the largest haul of all,
yielding about 125 cubic ,centimeters of Limacina (besides other. plankton), was
made over the northeast edge of Georges Bank on July 20, 1914 (station 10215).
Thus, the few rich stations just mentioned (fig. 43) show no definite grouping in
anyone part of the gulf, but 'are spread far and wide. ,We did not find Limacina in
numbers at any time during the spring, summer, or autumn of 1915, though it was
taken at about 50 per cent of our stations for that year; nor was it more plentiful
in the gulf at our few stations-for July and August of 1916, though odd specimens
Were detected at about half of them.

In spite of the erratic way in which Limacinaappears and-disappears ,(or at
least vanishes from .obsarvation) in the Gulf of Maine, the .records for thefive years
1912 to 1916 show that in summer this pteropod is muoh.less plentiful in the coastal
Zone and out .to the 100-meter contour, from Massachusetts Bay northward and
eastward as faras,MountDesert Island,than ,i~is farther offshore. Limacina has
appeared in less .than 10 percent of the June-Auguscatations in this ,inshore zone"
to 'Which we have paid particular attention, but .seldom in any of ,~he hauls at'~Aa,t

season.in,theinner part .ofMassachusetts Bayor in any of the other indentations of
the coast west of Mount Desert., Close proximity to the coast and shoalness of
tlle water do not, necessarily imply a scarcity of Limacina in summervhowever, for
this, it seems, is its period of maximum abundance at St. ,.A1;ldrews, where Doctor
McMurrich found it at almost every station from mid-June until September in 1916.
LiInacina is, likewise. a, regular summer inhabitant of the coastal waters along .the
outer shores of Cape Cod and of the shallows over German and Georges Banks, and
sputh of Nantucket. Furthermore, it may occasionally appear in great numbers in
Massachusetts Bay in summer, when it is usually rare or absent there.ifor Alexander
Agassiz (1866) found it swarming at Nahant (some 12 miles from Boston) during
the summer of 1863.

,A considerable number of.,records of Limacina for September, October, and
November show that .this pteropod, like Euthemisto,tends to work inshore .in the
Western side of the gulf in autumn. Thus, in 191560 it occurred at four out of six
late October and early November stations in Massachusetts Bay, whereas we, have
only once found it inside a line from Cape Cod to 'Cape Ann in July or August of
recent years (station 10342" July 19, 1916). Similarly, no Limacina were .taken in,
the hauls along the Maine coast inside the 100-meter contour in 1915 until Sep-

10 See Bigelow, 1017,p. 200, for records of Llmoolna In 1014and 1015.
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tember, though in other years it has appeared in numbers off Casco Bay in summer,
as just noted (p. 119). Apparently it partially withdraws from the Bay of Fundy
in autumn, for McMurrich found only occasional examples at St. Andrews from the
first week of October until the new year.

It is not yet possible to plot the distribution of Limacina over the gulf as a
whole for winter, our December-January cruise having been confined to the
northern and western parts; but there, at least, Limacina is as widespread during
early winter as it is in summer; and if the season of 1920-1921 be representative,
it is even more regularly distributed, for it occurred at 10 out of 14 tow-net stations,
both in Massachusetts and Ipswich Bays near land, and from Cape Cod to Nova
Scotia offshore (stations 10488 to 10491, 10493, 10495, 10496, 10497, and 10500 to
10502). Similarly, Stimpson (1854) described it as present in Massachusetts Bay
from February until April, more than half a century agor though the fact that it
appeared in the tow near Gloucester late in November, 1912, and again in Feb
ruary, 1913, but neither in December nor in January of that winter, shows that it is
as subject to sporadic fluctuations in abundance there during the cold season as dur
ing the warm.

Failure to find Limacina in the Fundy Deep on January 4, 1921, with McMur
rich's record of it as only occasional at St. Andrews during the half-year from Decem
ber to May,81 suggests that it occurs less regularly and is much less plentiful in the
Bay of Fundy in winter than in summer, which is just the reverse of its seasonal
history in Massachusetts Bay.

If the season of 1920 can be taken as representative, Limacina withdraws from
the whole northern and eastern part of the gulf and likewise from the immediate
coastal zone in the western side during the last few weeks of winter or first days of
spring, for' we did not take a single specimen anywhere in the gulf during that
March or April north or west of the undulating curve laid down on the accompany
ing chart (fig. 44); although Limaeina in various stages in growth then occurred
irregularly along Cape Cod, in the western, southern, and southeastern parts of
the basin,and over and off the slope of Georges Bank.

Our records point to the months of March and April as the season when the
geographical range of Limacina in the Gulf of Maine-is least extensive, and to the
area just outlined as the only part of the gulf where this pteropod is regularly present
the year round. With the advance of spring it once more spreads over the northern
corner of the gulf, occurring' at four stations in' the eastern side of the basin in May,
1915; but while a considerable augmentation in its numbers takes place in the St:
Andrews region (which probably mirrors conditions in the Bay of Fundy generally)
by lateJune,as reflected by the frequency of captures listed by Doctor McMurrich,
this does not happen in the coastal zone of the gulf west and south of Mount Desert
until three months later, as just noted.

IIi this connection it is interesting that Limacina is present all the year round
off the west and south coasts of Ireland, just as it is in the offshore waters of the
Gulf of Maine, but is ~easonal:along the Irish shores, with :its maximum in spring

&1 From his plankton lists for 1915 and 1916.
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and summer (Massy, 1909), and that it is as erratic in its occurrence in the North
Sea as it is in the Gulf of Maine.

Limacina has been taken at about 50 per cent of our stations over the conti
nental slope between the longitudes of New York and Cape Sable in late winter,
spring, summer, and early autumn, though never in great numbers. Only one
specimen was taken at our most oceanic station (10218, July, 1914), where the plank
tori as a whole was .tropical, nor did we find it associated with the warm-water
pteropods at our outermost stations south of New York in 1913.

Being typically boreal in its affinity to temperature, it is not to be expected in
the warm waters of the so-called Gulf Stream off the American littoral except as an
accidental and probably short-lived straggler from the cooler coastal zone, but in
more northern seas Limacina occurs chiefly in what is generally known to European
oceanographers as the "Atlantic" water. This, for example, is the case south of
Iceland, where it appears in great shoals, and it is with the general drift of this water
(which is warm in contrast to .the polar currents) that Limacina penetrates the
Norwegian sea (Paulsen, 1910), for it is not at home in the icy cold Arctic water of
comparatively low salinity.

Most of the records of Limacina in the gulf have been from subsurface hauls,
for which the precise depths can not be stated because made with open nets; but
most of them have apparently come from comparatively shoal levels, for when two
hauls have been made at different depths below the surface the shallower has
usually taken the most Limacina, On the. whole, the most prolific depth zone'
may be stated as from 20 to 25 meters down to about 80,which corroborates
Paulsen's (1910) generalization that Limacina lives chiefly shoaler than 50 meters
in north European seas, though it has occasionally been taken much deeper.

In summer we have never detected Limacina on the surface during the hours
of bright sunlight. In August, 1913, for example, "it was only once taken on the
surface (station 10103)., although a surface haul was made at every station, usually
with a net of the same mesh as the one in which Limacina was taken in the depths"
(Bigelow, 1915, p. 303), that one occasion being at 7 p.. m. On several occasions
during August, 1914, however, and the summer and autumn of 1915 (stations 10247,
10264, 10294, 10295; 10308, 10329, and 10333), surface tows between sunset and
sunrise have yielded it in some numbers. This suggests that Limacina, like many
other planktonic animals, performs a more or less regular diurnal migration in summer,
rising toward the surface during the dark hours, to sink again at sunrise. The fact
that the surface captures of Limacina (10 stations) 62 on our March and April cruises
of 1920 were made invariably either in the dark or during the twilight hours between
sunset and sunrise shows that this also takes place in spring, but perhaps not in
autumn and early winter, when the sun is at its lowest." This habit certainly is
not so characteristic of Limacina in the more northern seas, where the sunlight is

n Llmaclna retrover8a was' taken at the following stations during the spring of 1920: 20044, 20045, 20046, 20048, 20053, 20057,
20060, 20061, 20064, 20065, 20067,20068, 20070, 20071,~ 088,20091, 20094, 20105, 20107, 20110, 20114,20116, 2Oi'19, 20120, 20126, 20129; and
at the followtng in the winter and early spring of 192!l-21: 10488, 10490, 10491, 10493, 10495,10496, 10497,10501, 10502, 10505, 10509,
10510,iesn. For earlier Gullof Maine records of this pteropod see Bigelow, 1914,1915,1917,and 1922.

eo We lack direct Information on this point, our surface hauls for that season having been made with small, fine-meshed nets,
through which so little water filters that the apparent absence of Llmaclna may not be significant.
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weaker: In fact, it may not be followed at all there, for this pteropod is occasionally
met with in great shoals on the surface off Iceland in daytime, though usually not
when the sun is high.

The presence of Limacina retrooersa in the Gulf of Maine throughout the year,
together with its very general distribution there, proves that its local presence or
absence is not governed by small variations in temperature or salinity. On the
contrary, Limacina (both large and small) has been taken at one season or another
in water varying in temperature from 2° to about 16.6°-that is, over practically
the entire range proper to the gulf except for the very coldest and the very
warmest. Probably its habit of coming up to the surface at night brings it into
the latter also, on occasion. But the great majority of the Gulf of Maine records
for this pteropod have certainly been from temperatures lower than 15° at all sea
sons, and since it has never been found regularly or abundantly in water warmer
than this in any part of the ocean, 15° maybe set arbitrarily as the upper tern
perature limit to its continued presence and prosperous existence. Thus, in our
latitudes it is probably the high temperature of the oceanic water that is the offshore
barrier to it, confining it to the continental edge and shelf off the coast of the
United States.

On the other hand, although Limacina occurs in temperatures as low as 2 to 3°
in the gulf in winter, it does not tend to congregate in the very. coldest water at
that season,but rather the reverse, for itwas either' absent altogether or at least

'very rare during the spring of 1920 (one or two onlyat stations'20055 to 20061)
wherever the major part of the column of water was colder than 2°, although it
was present in the neighboring parts of the gulf at the time. We have found it
equally lacking or very rare in 'early spring in the icy coldwater over the whole
breadth of the shelf abreast of southern! Nova Scotia, and certainly it is very scarce,
if it occurs at all, in the coldest water along that coast in isummer. Furthermore,
Doctor McMurrich's notes show that there is a verycloseagreement between winter
chilling and scarcity, vernal warming and regular presence of Limacina at St. Andrews,
where it practically disappears when the temperature falls below about 3°, not to
reappear regularly in the tows until the water warms to 8 or 9° the following spring.
Although the evidence is not so clear,.it seems that the presence or absence of
Limacina may' be correlated similarly with temperature in Massachusetts Bay,
whence it appears to vanish when the water chills below, say, 2 to 3°, as happened
in February and March of 1920; whereas in warmer winters, as that of 1912-1913,
when the .temperature of the water did not fall much below 3°, Limacina may
occursporadically and in small numbers right through from autumn until February
(p. 120). These facts obviously suggest that it is the local cooling of the water that
drives this pteropod from the coastal waters of the gulf, and from its northeastern
corner generally, in late winter and early spring.

Temperature may also determine the bathymetric occurrence of Limacina.
For example, we found it comparatively abundant on the surface over the outer part
of the shelf abreast of Cape Sable early in the summer of 1915 (station 10294,
June 23), when the superficial water had warmed to 9° to 10°, but with temperatures
as low as 2° to 3° only 40 meters down it was certainly scarce at deeper levels. In
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fact, it may not have occurred at all, for the few specimens brought in by the deep
hauls may have been picked up by the nets close to the surface on their journey down
or up; and the scarcity, if not absence, of this species in the coldest water along
Nova Scotia is sufficient evidence that it is not an immigrant to the Gulf ofMaine by
that route. The general thesis that it is not at home in water of Arctic temperatures
is further corroborated by Doctor Huntsman, who informs me that Limacina reiro
versa is scarce, if not wanting, in the Gulf of St. Lawrence, where, by contrast, its
larger Arctic relative (L. helicina) is very plentiful.

I have 'pointed out elsewhere (Bigelow, 1917,p. 299) that L. retrooersa occurs
in numbers in waters of widely varying salinity in the Gulf of Maine, which agrees
with experience in European seas; but in spite of its tolerance for variations in salinity
it is clearly characteristic of the salter rather than of the fresher waters of the gulf.
Thus, it has been detected at only five stations out of 55, where the upper 10 meters
or so have been fresher than 3L5 per mille; never in any numbers except where the
underlying layers were much 'salter (e. g., station 10294, surface 31.06, 80 meters,
32.79 per mille). While such evidence is perhaps not conclusive for an organism
so sporadic in its local appearances and disappearances, at least it justifies the working
hypothesis that L. retrocersa is seldom to be expected in water fresher than, say,
31.5 per mille, and not likely to persist in much lowersalinities. About 31.06 per
mille is the lowest salinity in which it has certainly been taken 'withinthe limits of
the gulf, and Paulsen (1910) has already suggested the probability that when this
pteropod chances to stray into water much fresher than 30 to 31 per mille it perishes.

The dependence of L. retrooersa on comparatively high salinity may have as
. much to do with making Massachusetts Bay and the coastal belt of the gulf generally

'unfavorablefor it in spring as has its avoidance of very low temperatures.
Until the seasonal cycle of these two sets of phenomena-c-biologioand hydro

graphic-has been followed more closely, the dependence of the former on the latter
can only be stated in the most general terms. However, it is important for an
understanding of the biology of this pteropod to emphasize the probability that
there is a causal relationship between the seasonal expansions and contractions in its
geographic range in the Gulf of Maine, on the one hand, and local and seasonal
differences in the salinity of the water, on the other. We find in this a resasonable
explanation for the fact that while winter chilling to 2° to 3° probably is the cause
which banishes L. retrouersa from the coldest parts of the gulf in winter,64 it does
hot reappear near the coast in regions where the effect of the spring freshets
in lowering the salinity persists longest into spring and summer (Massachusetts
Bay, for example) until several months after the water has warmed to a point
favorable for its existence, and until a considerable increase has taken place in the
'Salinity of the upper 40 meters or so. In such locations, therefore, low salinity is
probably responsible for its protracted absence, which continues until the water is
once more salt enough for its liking.

Repopulation of the coastal zone by Limacina after its annual period of scarcity
might take place in one of two ways-either by local survival or by immigration.

II From parts of the BIlY of Fundy lind from the Inner parts of Massaehuteats Bay and probably from all along the shore In
(loldwInters.
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Alexander Agassiz's (18~6) observation that Limacina often sinks to the bottom
suggested to him, and to other students subsequently, that this habit may explain
its sudden appearances and disappearances-that is, that it may endure unfavorable
periods on the bottom, where salinity would always be sufficiently high for its existence
in all parts of the gulf except in very shallow water. However, since this habit has
not been observed in European waters, where L. retrooersa is often far more abundant
than we have ever found it in the Gulf of Maine, probably its disappearance from
the coast water reflects either the death of the local stock or a migration out to sea,
its reappearance there reflecting an actual immigration from offshore in toward land,
which follows more or less closely on the reestablishment of a favorable environment
in the coast water and depends on the precise distribution of Limacina at the time
relative to the circulation in the central parts of the gulf.

The upper limit of salinity for Limacina is certainly as high as 36 per mille
(35.9 per mille is the most saline water in which I; find it-actually recorded), and

.inasmuch as it thrives in water of 34 to 35 per mille in the North Sea region no part
of the Gulf of Maine could ever be too salty to afford it a favorable environment.

Nothing is known of the reproduction of L. retroversa in, the Gulf of Maine except
that young as well as old individuals have been taken repeatedly in spring, summer,
autumn, and winter, proving it endemic. Very little information is as yet available
as to the actual numbers in which L. retrouersa occurs in the gulf, and comparison of
the catches of the horizontal nets with those of the verticals shows that whether it
be scarce or plentiful, it is so prone to congregate in shoals, (which one net may hit
but the other miss) that it would take a great number of vertical hauls to yield even
an approximation of its actual numerical strength over any considerable, area of the
sea. For example, the vertical haul from 70 meters yielded none at all at the station
where we made our largest catch in the horizontal net (station 10215, northwest part
of Georges Bank, 125 cubic centimeters of Limacina in a 50-meter haul of one-half
hour's duration). An instance of the opposite sort is afforded by a station in the
center of the gulf (March 2,1920, station 20052), where the quantitative haulyielded
enough (58 specimens) to indicate comparative abundance (theoretically 240 Limacina
under each square meter of the sea's surface), whereas the surface haul yielded only a
few dozen individuals, the horizontal net, working at 100 meters, none at all, and the
closing net only a few at 160 meters. Instances of this sort, which might be multi
plied, make any attempt to plot its actual numbers from the data yet in hand not
only idle but apt to prove misleading. However, it can be stated as a general propo
sition that only on the rarest occasions does L. retrooersa form any considerable pro
portion of the plankton in any part of the gulf, judged either by numbers of individ
uals or by bulk." Nor have we ever found it in abundance to compare with the
shoals recorded by Paulsen (1910) from the waters south and west of Iceland. There
fore, it is not likely that this pteropod is ever of as much importance as pasturage for
the pelagic fishes in the Gulf of Maine as it is in Irish waters, for instance, where,
says Massy (1909), it regularly serves as an important item in the diet of both mack
erel and herring.

81 The richest catches of Llmaclna are noted above (p. 119).
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Llmacina hellclna Phipps

The Arctic pteropod L helicina, a close relative of the boreal L. retrooersa,
though characteristic of a different zoogeographic province, appears but rarely in the
gulf, and then only as an immigrant from the colder waters to the east and north.
Its status as such and its importance as an indicator of cold currents being discussed
elsewhere (p, 59), this mention may be confined to a list of its recorded occurrence in
the Gulf of Maine."

May 6, 1915-off Cape Sable, station 10270, 150-0 meters and 50 meters.
May 10, 1915-near Lurcher Shoal, station 10272,60-0 meters, occasional specimens

on each occasion.

Cllone l1macina (Phipps)

The large shell-less pteropod Clione, beautiful in the water and easily recog
nized, may be expected anywhere in the northern half of the Gulf of Maine in winter,
spring, or summer (fig. 45). During the cold halfof the year-December to May
it has appeared at nearly 50 per cent of our stations, both over the gulf as a whole
and on the individual cruises. Not only are the records for these months very
generally distributed over the deeper basins and along the coastal belt, but Clione
Inaybe more universal than the actual records suggest, for we have usually taken it in
numbers so small that its failure to appear in the tow nettings at other stations may
have been purely accidental.

In summer, too, we have found Clione repeatedly in the northern parts of the
gulf, but during the period from June to August it has appeared at only about 20
per cent of our stations-that is, distinctly less regularly than in winter or spring.
We have not found it at all in September, October, or November, though the few
stations for those months have been occupied at localities where it has been taken at
other times of year. From this it appears that Clione is distinctly seasonal in its
occurrence in the gulf, reaching its maximum from February until May and its
Ininimum in autumn.

Although Clione is oceanic in its general biologic status as opposed to neritic or
coastwise, it shows no apparent predilection for the deeper rather than the shoaler
parts of the Gulf of Maine; and while we have not found it in inclosed waters, and
boctor McMurrich detected it only once at St. Andrews (on February 16, 1916»)
it has been known to appear in swarms in Portland Harbor, an event referred to below
(p. 127). Neither do our records suggest any seasonal onshore or offshore migrations
on its part, such as appear to be executed by its relative, Limacina reirouersa.

I should point out that Clione is no more regular in its occurrence and shows
no more concentration in the eastern than in the western side of the gulf, such as
Inight be expected of an organism the maintenance of whose numbers within our
limits depends partly on immigrations around Cape Sable, and such as actually ob
tains for various Arctic animals (p. 59). On the contrary, no general portion of the
open gulf north of a line from Cape Cod to Cape Sable appears more favored by it
than another at its season of maximum abundance, but our few traverses of Georges
---------'----------.--------------'--------

< II AlsoollHaIlCaI,Aug. 2, 1014; near Shelburne, Nova Scotia, and over the continental slopeoft that port, June 23and 24, 1015
(BIgelow, 1917, p, 3(0).
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Bank suggest that Clione is less common there than within the gulf proper to the
north. Thus, in March, 1920, it was not detected at all at the threestations (20065
to 20067) on the eastern end of Georges Bank, though on the slope to the south
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(20068) a haul from 150-0 meters yielded four; and while it appeared again there
(station 20109) and on the bank to the north (station 20110) on April 16, only one
specimen was noted at each station. Apparently Clione vanishes from all parts of
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Georges Bank as the season progresses, for we did not find it at any station there or
along the continental slope abreast the gulf in July of 1913, 1914, or 1916.

We have never found Clione assuming any faunal prominence in the open waters
of the Gulf of Maine, where it is usually represented by occasional specimens only
among the mass of other plankton brought in by the nets. For example, in Febru
ary, March, and April, 1920, all our hauls combined yielded not over 175 specimens
of Clione, although it occurred at some 30 stations, whereas various other animals
'Were captured in thousands-c-even millions in the case of the eommoneruopepods,
Wood (1869, p. 185), it is true, found Clione so abundant in Portland harbor in May,
1868, that "the water appeared to be alive with them," but our experience ever
since 1912 has been so consistent in this respect that I can only look on such local
Swarms of Clione as altogether exceptional for the Gulf of Maine, although this
pteropod regularly appears in vast shoals in more northern seas.

It is still uncertain to what extent Clione is endemic in the Gulf of Maine.
There is every reason to suppose that it immigrates more or less regularly into the
gulf around Cape Sable via the Nova Scotian current, as do the various Arctic
organisms, because it is far more numerous off the east coasts of Newfoundland and
Labrador-where I found it swarming among thefioe ice in the summer of 1.900
about the Grand Banks of Newfoundland, and in the Arctic seas as a whole, than we
have ever found it of-late years in the Gulf of Maine or farther south. .However,
as I have elsewhere emphasized, in reality the local presence of 'Clione is not the
sure index to Arctic currents many have supposed (Bigelow, 1917" p. 301, and
1922, p. 174), for it is as abundant in Atlantic as in ArCtic waters around Iceland
(Damas and Koefoed, 1907; Paulsen, 1910); and while Clione grows to a larger size
in the latter than in the formet,there is no reason to doubt, from their evidence,
that it breeds successfully in both. Many authors have quoted its abundance south
of Ireland, to which Massy (1909) called attention, and where there is no reason to
credit it with an Arctic origin. According to Dr. A. GiHuntsman (in Bigelow, 11922,
p. 135), its larvee are found over the whole region from the Gulf of Maine to the Gulf
of St. Lawrence and the Newfoundland Banks, at sea but not in estuaries.

Like many other animals,Clione decreases in numbers toward .the boundary
(in this case the southern) of its range.tbut rit-is probably impossible .to draw any
sharp line beyond which it can not maintain itself. No doubt as we pass from north
to south it becomes more and more dependent on accessions of fresh blood from the
north for the maintenance of the Iocal-stock, but in favorable seasons it maybe
expected to reproduce itself in unwonted numbers far beyond its normal zone of
abundance. Probably the Portland swarm just mentioned resulted from an unusu
ally successful wave of local reproduction; and the generality of its distribution over
the gulf suggests that more or less Clione are produced there yearly,though probably
immigration via the Nova Scotian current is the more important'source of supply.
0Il the whole, I see no reason to alter the view,earlier stated, that it probably
:rarely .succeeds in breeding south,' of Cape Cod. Even in the Gult .of Maine
Clione .can r~produce itself in abundance only on the occasions whenvhydro-
graphic conditions conspire in its favor, conditions occurring so rarely that only
the one instance of this is known. I must caution the reader that very few

75898-26-9
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observations have been made on the occurrence of larval. Clione that might or might
not survive to maturity; Even in European seas, where the plankton has been
much more intensively studied, little is known of the conditions of temperature and
salinity under which its reproduction normally takes place (Paulsen, 1910).

. Granting .that. Clione.does reproduce itself to some extent in the Gulf of Maine,
it follows that its presence at any particular time and place is not necessarily. to be
taken as evidence of a northern current; but in the last.analysis Clione is essentially
of northern origin in the gulf, and it is probable that a considerable proportion of the
stock existing there at any given time are actual immigrants via the Nova Scotian
current, some indirect evidence of which is yielded by the details of the records of its
occurrence in the gulf. /I'hus, although the data .yet at hand do not indicate any
connection between the.winter increase in the numbers of Clione and the fluctuations
of the cold current (the latter is then at a low ebb), and although Clione shows no
definite tendency toward concentration in the side of the gulf where this water is
most in evidence, the. spring' maximum for Clione corresponds to the maximum
annual intrusion of the latter into the gulf.

West and south of Cape Cod Clione may safely be classed as primarily animmi
grant. ..AB such it was long ago recorded as far south as the coast of Virginia (Rath
bun, 1889), and probably it is a more or less regular if usually uncommon visitor
along this part of the continental shelf in winter and spring, for the Albatross towed
it off)Delaware Bay on .February 20, 1920 (station 20042), and Rathbun (1889)
recorded it from localities on the outer part of the shelf between the latitudes of
New -York.and Chesapeake-Bay in April and May of 1887. Occasionally large
numbers of them may drift south, De .Kay. (1843, p. 66) describing, .them as very
abundant 'inthe bays near. New York in April, 1823, but. only for, a few days, after
which they wanished.. In warm summers,such as that,oLI913, it vanishes .beyond
Cape Oodby July, but in.the.cool.summer of 1916 its presence off Chesapeake Bay,
off Delaware Bay, and off:New York in August suggeste<;ltemporarybreeding activ
ity under rarely 'favorable- local conditions, a view 'supported by the fact that at
one of these stations (l0386)Clionelarvrewere taken with the adults (Bigelow, 1922,
pp.156; 174). Evidently, however, Clione did not succeed in maintaining .itself
there much later into the 'season, because it was not taken in' these southern waters
at.anyof the November stations for that year. The high temperatures of-the tropical
"'Gulf· Stream" water' are-a fatal barrier to the offshore dispersal ofOlione a .few
miles outside the continental edge;.fromabreast.of.southern Nova Scotia southward.

Probably Clione is never numerous enough,or locally numerous, in the Gulf of
Maine for a long-enough-period to be of any importance in its natural economy.
In more northern seas its great swarms afford a bounteous food supply for whales,
and it,is an important article of diet for both mackerel and herring in Irish waters,
according toPaulsen (1910).67

"Station records ot CHone in the GUlto! Maine IJavebeen published as tollows: For JuI~ and August, 1912, in Bigelow, 1914,
p; 118;·tor th6 wlnterotl912-1913 and the spring ot·1913, in Bigelow, 1914,pp. 403, 406, and 407; tor the summerot 1913, in Bige!bW,
1915,p, 302. .In JuIr and August, 1914,it was detected at stations 10213, 10243, 10249, and 10255; in the season ot 1915 at statioIjs
10276,10277~ 10278,10280,10281,10282, 10286,10287, and 10306;in July, 1916,station 10346;in October and November, 1916,not at all;
in the' spring ot 1920,stations 20046,20048,20049,20053,20055,20056,20057,20058,20068,20074,20079,20081,20086,20087,20091,20094.
~5, 20097,20100,20101,20103,20105,20106,20109,20110,20112, 20113,20114,20115,20119,20122,20124,and 20126;in December, 1920,
and January, 1921,stations 10489,10491,10493,10495,10496,and 10497.
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OTHER PELAGIC MOLLUSKS

129

Apart from the cephalopods and the three pteropods (Limacina retroversa, L.
helicina, and Olione limacina) just discussed, very few adult pelagic Mollusca have
ever. been found within the southern rim of the Gulf of Maine." The Grampus
cruises have yielded an Atlanta and two specimens of the pteropod Diacria trispinosa
from 10 miles north-northwest of Gloucester on July 8, 1913, and two of Limacina
injlata taken off Cape Cod July 19,1914 (station 10213). All these species are char
acteristic of the warmer parts of the North Atlantic, not of boreal waters, and hence
reached the gulf as stragglers from the warm 'Waters of the Atlantic to the south;
but it is hard to account for their presence at the particular times and places of cap
ture, because "they were taken with an otherwise typical boreal assemblage of
plankton organisms" (Bigelow, 1915, p. 306).

A Pneumoderma, or some closely allied pteropod too young for identification,
Was taken neat Lurcher Shoal on August 12, 1914 (station 10245); and, under the
name Pseudoclione, Danforth (1907) has described a pteropod of doubtful relationship
from Casco Bay, which showed sexual maturity combined with various larval charac
ters(taken August 29 and again September 5 to 8, 1902). A Oavolinatridentata and
two Pterotrachea from the southern edge of Georges Bank, respectively on July 21
(station 10219) and July 20 (station 10216) in 1914, complete the brief list.

, In contrast to the Gulf of Maine, the waters along the continental slope from
the longitude of New York eastward have proved extremely rich in warm-water
pteropods and heteropods carried thither in the sweep of the Gulf &tream, whence
cO,nsiderable lists of them were obtained by the early expeditions of the Bureau of
Fislieries (Smith and Hargar, 1874; Verrill, 1885; Johnson, 1915), as well as on our
1ll.ore recent Grampus cruises (Bigelow, 1917, p. 302). However, since it is only
in the rarest instances that any of these find their way into the inner parts of the Gulf
of Maine, little space need be devoted to them here. .

•. The captures of this category made by the Grampus in July,1913, and July,
1914, ~e noted elsewhere (p. 54; Bigelow, 1915, p. 301; Bigelow, 1917, p.302).
These two lists together comprise some 14 species, while Johnson (1915), in hismore
complete summary of previous records, mentions 25, representing the genera Firoloida,
Carinaria, Atlap.ta, Clio, Cuvierina, Peracle, Corolla, and Glaucus, Others (e. g.,
Jan~hina) have also been recorded, but only from examples washed up on the beaches
of southern New England or the outlying islands. To illustrate how seldom any
of these oceanic Mollusca stray within the 500-meter contour and how sharply their
range contrasts with that of their boreal relative L. retrooersa, the accompanying
chart (fig. 46), showing all records listed by Johnson (1915), is offered. All these
are from summer and autumn. In winter and'spring warm water, with its character
is~ig tropical-oceanic inhabitants, lies farther out from the continental edge. •
--:--:----------.,---;---------,--,---~-.,----.,----

'. 11'Leaving outot account the various pelagic bIvalve and gastropod larvlll.
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CRUSTACEANS

ADULT DECAPODS

The Gulf of Maine supports a host of decapods-that is, crabs, shrimps-and
lobsters-the larval stages of which often swarm in the plankton, most often along
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shore, as noted elsewhere (p, 34), The adults of nearly all of them live on the
bottom, except when some of the shrimps make brief swimming excursions upward
when disturbed, as, for instance, by the passage of the bottom net or trawl, or when
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they are lifted by active vertical currents. The glass shrimps (genus Paaipheea) are
the only decapods regularly planktonic in the Gulf of Maine when adult.

, ,

Pasrphsea

These shrimps are so much larger (80 to 90 millimeters long when adult) than
any other crustaceans pelagic in the gulf that even a single specimen is sure to be
detected in the tow. It is therefore safe to assume that the list presented herewith
comprises our whole catch, which is not true of smaller organisms easily overlooked
in the mass of other plankton unless abundantly represented in the catch.

We towed our first glass shrimps (three in number) in the western basin in a
haul from 150 meters on August 9, 1913 (station 100~8). Since then they have been
takenthere on August 22, 1914; August 31, 1915; March 5, 1920; and April 18, 1920
(stations 10254, 10307, 20087, and 20115), and likewise at two stations in the deep
water in the northeastern part of the gulf (March 3, 1920, station 20055, and March
22, 1920,station 20081); once in the southeast corner (April 17, 1920, station 20112),
and once at the outer edge of the shelf off Cape Sable (March 19, 1920, station 20076).

So far as I can learn, the only previous records of this genus for the Gulf of
Maine are as follows: Western Basin, approximate latitude 42° 38', longitude 69°
38', two specimens dredged in 203 meters in August, 1877; two more near the same
locality, 256 and 311 meters (dredge), on August 27, 1878 (Smith, 1879); others from
Cape Cod Bay and from off Cape Cod, 25 meters and 212 to 223 meters, respectively
(Rathbun, 1~05).

,These early captures were recorded as Pasiphrea tarda, .which has long been
spoken of as the characteristic northern representative of the genus (Wollebrek,
1908). Sund (1913), however, has more recently shown that at least three perfectly
distinct and easily recognizable species have been confounded under this name,
Smith's own illustration (S. 1. Smith, 1879, pl. 10, fig. 1) showing that in reality
the early American records were not based on tarda but on the P. mUltidentata of
Esmark, which has also proved to be the commonest glass shrimp in Norwegian
waters. 69 All the recent specimens from within the Gulf of Maine likewise are
mUltidentata, a perfectly transparent species, whereas P. tarda is commonly blood
red. Our records of P. multidentata have been from comparatively deep hauls,
though not invariably from the deepest stratum in the Gulf (fig. 47) as follows:

-
Depth of Depth of

Station
Depth of Depth of

Station haul In water In haul In water In
meters meters meters meters- ---

10088•• _. _____ •_. _.u. _. _. __ • _. _______ • __ •• 146-0 274 20076•• __u •• ____ ••n_ ••• _ u. ___ ' ,00_•••_._ 20lHJ 250

~;~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~ {
76-0 } 286 20081.00._. _u ••••_u. 00" u_ • __ ••• __ 00U _. 14lHJ 206

226-0 20087u ___ U ____ •• ___ u. _00 ••• u •• _ •• _. U U 20lHJ 255
23lHJ 245 20112___ u __ u •• __ ••• ___ ._n. __ ••00__u_ ••• 20lHJ 200
180-140 230 20115__ •u. ___ u ____ • '00_•••__u •••• ___ • ___ 20IHl ·200--

So far as I can learn, Pasiphrea has never been taken on the surface or in
plankton hauls shoaler than 75 meters in the Gulf of Maine, though it has been
dredged in as shallow water as 25 meters; hence, it is clearly bathypelagic in the

I .. The several species are easily separable by the form of the rostrum, which ~ high and conlform hi mUUldentata. For details
refer the reader to Sund (1913).·' . , .
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gulf, just as in the Norwegian fjords (Wollebrek, 1908), and very probably it lives
on the bottompart of the time.

The material at hand is not sufficient to throw any light on the breeding habits
of Pasiphsea in the Gulf, except that females carrying the very large eggs were taken

40'•-I-+

............. .._ / / / .
.I ',...;--........_.. ......---....-........ ..."..~.- .....

...................~,.

40

70" 60' 6S' 67· 66'

FIG.47.-Loca1lty records (or the decapodous shrimp Peslphesa, X, P. mult/dentata: e, P. tarda: 1:::.. S. I. Smith's record.
(seep, 131)

in August (station 10254) but not in March or April. The locations of capture
suggest the western basin (where we have usually, though not invariably, found it
in our deepest hauls) as the chief local center of abundance for Pasiphesa, but it is
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to be expected anywhere in. the gulf below 200 meters-witness the records from the
eastern basin and from the southeast deep.

We have only two records for P. tarda,both over the continental slope off
Georges Bank in hauls from 750 to 100 meters, February 22 and March 12, 1920
(stations 20044 and 20069)" which agrees with Sund's (1913) experience that this
species usually lives at a rather deeper level than P.multidentata, from which it is
separable by the-low rostrum, hardly rising above the general dorsal outline, and by
its red color. We have not taken P. principis, but this species is recorded from south
of Marthas Vineyard by Sund (1913). .

EUPHAUSIIDS

We are indebted to Dr. H. J. Hansen,who identified the collectionsmadedur
ing the summer of 1912 and winter of 1912 and 1913, and to Dr. W. M. Tattersall, who
undertook the same task for the gatherings of 1914/° for ability to include a chapter
on this economically important and faunistically instructive group of pelagic crus
taceans. I have attempted the identifications of the euphausiids contained in
the tow nettings of our subsequent cruises by comparison with specimens named by
these two eminent specialists and by the aid of Zimmer's (1909) very clear keys
and descriptions; but while it is easy to name the adults of all the species occurring
regularly in the Gulf of Maine, by easily recognizable anatomicalfeatures, the larval
stages, occasionally abundant (p. 134), still await reference to their proper parentage.

Knowledge of the occurrence of this group in the deep water outside the conti
nental shelf abreast of the gulf,between the longitudes of 71 and 65°, ischiefl.y
based on the collections made by the Bureau of Fisheries' vessels in past years,
recently reported upon by Doctor Hansen (1915).

Only a few species of euphausiids are yet known to 'occur within the gulf, nor
is it likely that the various oceanic members of the group will ever be found in its
inner parts except as stragglers; but these few (to be treated in detail below) are
among the most characteristic if not the most numerous members of its endemic
plankton. True, they seldom dominate the catch, or even form any considerable
part of it, except locally in the northeast corner of the gulf and near the mouth of the
Bay of Fundy,and when they swarm in other parts of the gulf it is only for brief
periods. But our tow nets have seldom failed to yield them in greater or less number,
except at times and localities when the catch as a whole has been of the scantiest.
Euphausiid shrimps are so important in the dietary of whales and of many fishes that
pursue them eagerly (and indeed one can well-believe them dainty morsels) that they
are much more important economically than their small numbers, contrasted with
the hosts of copepods, might suggest. This subject is discussed in another chapter
(p. 97). .

The occasions on which we have made notably rich hauls of euphausiidswithin
the limits of the Gulf of Maine have been as follows: On Browns Bank, July 24,
1914 (station 10228), the haul at 60-0 meters yielded about 500 cubic centimeters of
small Thysanoessa, representing three species '(Thysana3ssagregaria, Th. longicaudata,

70 For tables of occurrence of the several species In these years see Bigelow, 1914a. p. 411, and 1917,p, 282.
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and Th, inermis) , manylargeMeganyctiphanes, and a few Nematoscelis. Four days
later we again encountered a euphausiid plankton over the continental slope off
Shelburne, Nova Scotia (station 10233), where half-hour hauls on the surface, at
100-0, meters and at 200-0 meters,yielded, respectively, 125, 500, and 250 cubic
centimeters, chietlyeuphausiids. On this occasion the surface catch consisted mainly
of Euphausia, but Nematoscelis dominated at 400 meters, with the two species
mingled at the 100-meter haul. An abundance of these two genera is perhaps
characteristic of this general location in summer, for we again found them in large
numbers over the continental slope near by on.June 24, 1915 (station 10295). This
does not apply to Browns Bank, however, whichwas barren of euphausiids on June
24, 1915 (station 10296), though productive' of them the previous July; nor did we
flndmorethan an odd specimen there in ,March or April, 1920 _(statiqns20072 and
201.06). Small Th.longir-audata were numerous over the northeast part of Georges
Bank on M~rch;13 of that year (station 20070). By April 16 (station 201OS) they
had vanished thence, ': but the fact that we once more-found small Th, Zongic(.Ludata
very plentiful off the southwest face of the bank on May.17 (station 20129) sug
gests, that. the. swarm had drifted westward from one end of the bank to the other
during, the interval from March to May.

Turning now to the inner parts.of the gulf, we have twice found the waters .off
northern Cape Cod supporting larval and very young Thysanoessa in abundance

, (JulyS, 1913, station 10057, and August 2S, 1914, station 10264). Medium-sized
and.adult specimens of this genus (particularly Th, inernis, p. 135) were also taken in
large numbers in, the eastern side of the basin in May (station 10270) and off Cape,
Ann in August, 1915 (station 10306). 01;1 August 22, 1914 (station 10254), we found
Meganyctiphanes abundant in the deeper water layers of the western basin, but
the most interesting swarming-of shrimps of this group in the 'western part of the
gulf was, the sudden, appearance of shoals of Thysanoessa rasch# off the Isles of:
Shoals .late in April, 1913, as. described belowIp. 145). Provincetown Bay was
similarly invaded by ':shrimps,~';v~ry likely of this samespecies, in March, 1880,
as described by A. H. Clark (1887),and in August,1923, euphausiids of some sort
were so plentiful at the surface off Penobscot Bay, that. Dr. George C. Shattuck
wrote me of seeing "a good many shrimp in the water" while sailing from Isle au
Hautto Matinicus Islandduring.the lastweekof the.month.

All the congregations of pelagic shrimps mentioned so far have been sporadic;
or at .least of brief duration; but euphausiids .are often .enough plentiful in the ex
treme northeast corner; of the deep, basin..somesu miles southwest of Grand Manari,
at variousseasons, for this local abundance to be regarded .as characteristic. Our
first visit to this locality (in August, 1912) did not suggest this (indeed, not a single
euphausiid was noted in the tow on that occasion), but many large specimens of
MeganyctiphaT/,es norvegica were taken at this general location on August 13, 1913
(station 10097), in a haul from about 160~0 meters; again on August 13, 1914 (sta
tion10246, 150.0 meters); on May 10, 1915 (station 10273, 125-0 meters) jon June
10, 1915 (station 10283, 100-0 meters); and in the basin, a few miles to the south
ward, on August 7, 1915 (station 10304). If the year 1920 can be taken as typical,
this local abundance of Meganyctiphanes is as characteristic of spring as of midsum-
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mer, for this shrimp was plentifully represented in that region on March 22 (station
20081) in hauls from 40 and from 200 meters,' while the haul from 100 meters.
yielded about 50 on April 12 (station 20100); although the zooplankton as a wholo
was decidedly scanty on that occasion. I hesitate to extend this generalization
to the winter, however, because only a few euphausiids were taken there on January
5, 1921 (station 10502).

Euphausiids 71 are often extremely plentiful near the surface in the Eastport-St.
Andrews region at the mouth of the Bay of Fundy, where the smaller-sized herring
can be seen chasing them to and fro right up to the docks (p. 102), and they are so
conspicuous when schooling that they must have been seen and commented upon
by local fishermen from the first settlement of that coast. The earliest published
reference to their local abundance there, or in any part ofthe gulf, for that matter, seems
to have been in 1879, when S. 1.Smith (1879, p. 90) described Meganyctiphanes norvegica
as occurring at the surface in the Eastport region in "swarms,filling the ,water for
miles," and as "usllally accompanied by schools of mackerel, young pollock,and
other fish, and in autumn by immense flocks of gulls, the fish and smaller gulls appear
ing to feed almost exclusively on Thysanopoda at such times." Such occasions he
recorded for April, August, September; and October, adding that Verrill found these
shrimp swarming in myriads in the ripplings in the center of the Bay of Fundy in
1869, and that they are often so abundant among the wharves at Eastport that they
may be caught there by the quart. Moore also wrote (1898, p. 401) that "during
the. summer and fall dense bodies of Thysanopoda are seen swimming about the
wharves at Eastport and at other places in the vicinity, and they are also extremely
abundant on the ripplings at Grand Marian, which has long been famous as a herring
fishery. Excepting the eyes and the phosphorescent spots beneath, which are
bright red, the bodies of these shrimps are almost transparent, yet such is the
density 'of the schools in which they congregate that a distinct reddish tinge is often
imparted to the water. In the summer and early fall of 1895 they were especially
abundant about the wharves at Eastport, and 0"0 one occasion,. at least, .they were
left at low water several inches deep over a considerable area of one of the docks."
M60re believed that Thysanoessa inermis was the species chiefly concerned, but
in the light of subsequent observations it is probable that then, as now, it was
outnumbered there by Meganyctiphanes. Our own observations, with information
communicated by Doctor Huntsman, show that the passage of time has seen no
diminution in the abundance of the latter in the Eastport-St. Andrews region in
summer and early autumn.

It is only in the extreme northeast corner of the gulf, perhaps east of Machias,
that euphausiids appear regularly in estuarine situations; farther west and south
the group, as a whole, are creatures of the open sea.

Tbysanoessa 1nerm1s (Kr~yer) 7a

Thusomoessa inermis, as I have stated elsewhere (Bigelow, 1917, p. 283), occurs
more regularly over the gulf as a whole than any other euphausiid, though it is not
the most abundant locally. In July and August, as exemplified by the summers of

71 Chiefly Megllnyctiphllnes, but ThysllDoessll as well, accordlng to Smith (1879), Moore (1898), lind our own observations.
71I follow·Hansen (1911) In Including under this name both Th. negleela lind Rhoda ln~tmlB, which, IlS he has shown, are

lIlerely vllrletles otthe one speeles.
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1912, 1914, and 1915, it occurred at about 50 per cent of our stations (fig,48), with
the records for those months distributed generally throughout the offshore parts of
the gulf as well as over Georges and Brown's Banks and over the shelf off Marthas
Vineyard and Nantucket,
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This species (figs, 48 and 49) has occasionally been recorded close to land in
Massachusetts Bay and may be abundant temporarily in Eastport Harbor, as just
noted, but its presence in these estuarine waters is only sporadic in summer, Nor
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did Doctor McMurrich detect it at all at St. Andrews at that season, though it
occurred there in November, December, and January, and occasionally in February
and March. In fact, we have usually found it wanting in summer throughout the
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coastal zone from Cape Cod to Grand Manari, with the lOO-meter contour roughly
marking its shoreward limit from Cape Ann to the mouth of the Grand Manan
Channel at that season. But its regular presence over the shallow southern rim of
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the gulf; as well as close up to the land off Cape Sable and in Eastport harbor during
the warm months, shows .that it is not theshoalness of the water which holds it
offshore; but either some influence of the coast line itself or the physical stateof the
water. Thus it is rather more oceanic in the gulf than its omnipresent and much
more plentiful companion, the copepod Oalanus finmarchicus, for the latter thrives
right up to the outer islands and headlands, though its adults are seldom abundant
in inclosed waters.

The term" oceanic," however, as applied to Thysanoessa inermis, does not imply
that it reaches the Gulf of Maine from the warm water of the Atlantic Basin to the
east and south. .On the contrary, we have never foood it in our hauls outside the
continental edge, either east or west of Cape Cod, except at one station (10349, July
24, 1916),where low temperature proved that the inner edge of the-" Gulf Stream"
lay some distance farther offshore. Nor did Hansen (1915) find it in gatherings
taken over the slope abreast of the gulf, where other euphausiids-e. g., Nemato
scelis- occurred in abundance, though he records it from various localities over the
outer part of the continental shelf within the limits of the gulf-e. g., off Marthas
Vineyard, near Browns Bank, and south of Nova Scotia. It is evident from this that
the warm and highly saline tropical water, which is never far out beyond the edge
of the continent in these latitudes, is an effective barrier to the offshore dispersal of
Th, inermis off the eastern United States; although it ranges southward regularly to
southern New England every summer, and even accompanies the Calanus com
munity as far south as the latitude of Chesapeake Bay in cool summers (e. g., 1916)
and probably every winter. .

In all this its occurrence in American waters parallels its distribution on the
other side of the Atlantic, where it is distinctively arctic-boreal, as Kramp (1913,
p. 544) points out, occurring chiefly in the northern Atlantic and ill the adjacent parts
of the Arctic Ocean from Franz Josef Land to West Greenland, and southward as
far as the North Sea and the waters around Ireland. .

Thqsamoeeeo. inermis is present in the Gulf of Maine throughout the year, as
proven by the fact that we have taken it there throughout the spring and summer,
at several stations in September and October of 1915, twice (out of five stations) in
November in 1916, and at about half the stations occupied during our midwinter
cruise of 1920 and 1921. As I have just pointed out, winter is its season of greatest
abundance at St. Andrews, but it shows no apparent tendency to work inshore off the
coasts of Massachusetts at that season, for we did not detect it at all in tows taken
near Gloucester every two weeks throughout the winter of 1912 and 1913.73

The most notable seasonal fluctuation in the distribution of Th, inermis within
the gulf (supposing its status in 1920 to be representative) is that it almost totally
disappears from the southern deeps, from the eastern channel, and from Georges
Bank in March and Aprii, although it occurred at about 50 per cent of our stations
around the coastal belt at that season (fig. 49). Our failure to find it over-the eastern

7i For Its occurrence from 1912to 1916see Bigelow, 1914a, p, 411; Bigelow, 1917,PP. 282and 283; and Bigelow, 1922, pp, 133, 136, and
150. In the spring of 1920it was detected at stations 20046,20049,20054,20057,20059, 20060,20070,20073,20075,20079,20080,20085,20086,
20088,20092,20093,20094,20097,20099,20100,20101,20102,20105,.20106,20116,20119, 20122, 20125, and 20126: Il3 well as at the following
stations from December, 1920, to January, 1921: 10490, 10494, 10497, 10499, 10500, 10502, and at stations 10507, 10508, 10509, and 10510
In March, 1921. .
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end of Georges Bank during these months certainly was not accidental, for we made
two traverses of the bank four weeks apart, and, it was equally wanting at our several
stations on the western end of the bank on May 17, a month when we have previously
found it widespread in the inner parts of the gulf.

It will require more than the one year's data to prove whether this vernal con
traction of the range of Th: inermis on the offshore side, which must be followed by a
corresponding expansion in June to repopulate these waters to the extent that
obtains in midsummer, is an annual occurrence.

We have yet to learn how far the maintenance of the local stock of Th, inermis
in the Gulf of Maine depends on the reproduction which takes place there and how
far on immigration around Cape Sable from the colder waters of the Nova Scotian
current, no attempt having yet been made to trace the life history of this shrimp in
the gulf. It is probable that Th, imermie breeds successfully at least as far west as
Cape Cod, and that it is represented among the considerable numbers of larval
euphausiids which we have taken there side by side with medium-sized specimens
and large adults of this species.

Thysanoe8sa inermis has never been found in abundance at the surface in any
part of the gulf except at Eastport, though it has often occurred in small numbers
in the catches of the surface nets. On the other hand, our deepest hauls in the gulf
have never yielded many, and the largest catches have all been in nets working at 40
to 80 meters depth. Thus it tends to congregate at about the same level as Calanus
and is not associated with the Euchreta community of the deep basins, as its relative
Meganyctiphanes norvegica so often is.

I can offer no data bearing on the actual numerical strength of Th, inermis in
the gulf, nor could much dependence be placed on the results of vertical hauls in the
case of so active an animal unless with larger nets than we have used. Our largest
catches of it have been made near Cape Ann (August 22, 1914, station 10253), on the
eastern end of Georges Bank (July 23, 1914, station 10223), near Cape Sable (August
11, 1914, station 10243), and off Marthas Vineyard (August 25, 1914, station 10259).

Thysanoessa longlcaudata (KrfSyer) 7t

This species, as Kramp (1913) and Holt and Tattersall (1905) have pointed out,
is generally distributed in Arctic Seas and in the northern part of the Atlantic,
ranging south to the west coast of Ireland and northern North Sea in European
waters. On the whole, it is more northern and more oceanic in its affinities than
Th. inermis, but, like the latter, the records for it in the Gulf of Maine are so widely
distributed that it is to be expected anywhere in the offshore parts of the 'latter in
summer (fig. 50), late winter, and early spring. Only three times in all our
experience, however, have we detected it in the coastal zone inside the IOO-meter
contour at any season, and never in .inclosed bays or estuaries.

Thysanoessa longicaudatais farIess numerous in the gulf than its relativeTh.
inermis, and occurs there far less regularly, having been detected at fewer than 25
pel' cent of our sliInmer stations, (fig. 50)" ,and then \J.sual!y in smallllUlllbers; nor

:7. 'For the o~curienceof this s~pecies In 1912 to 1.~16 see B1ge16w,1914a, 1917, alid 1022, 1n the spring of 1920It ~as taken at
stations :20045, 20046, ,200M, 20057, 20060, 20064, 20065,,20066,' 20069,' 20070, :20073, 20075, 20076, 20077, .20079; ,20080,;20086,20087, 20100,
20101, 20107, 20112, 20116, and 20129. It was also taken In December, 1920, and January, 1921, at stations 10490, 10494, and 10502.
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does there appear to be much change in its status from season to season, for it was
found at about 20 per cent of the stations occupied by the Halcyon during December,
1920, and January, 1921, and at about 25 percent Of the Albatross stations of Feb-

•

+

lC
••

\~
! ..'}

)C : :/

.\./f
! lC

}
t"/
!.";"\.,.~

(~""""""'''''? .
,+

. ' ..(:::~.~~~~~~ ..:: : ~
-, \ ."(' ..(

... :,/

'<,.J

...

88'68'

+

+•

+

.j. lC+... • + :.. ... 40',. .~
. .

68' 67' SS'

70'

••••

+ •

••+

71'

••

/ .......,.....~ ...•........ J'" , .•...... ·_·~ .._·..·/~···...;··xr'.·~··-,-j··· ".
! . . -.~" ~ ,',... _ oF ..

41'

40

FIG.ro.-Occurrence of the eupbauslld shrImp Thll,anou,alo'Mlcatulata, X.locality records, February. to May. 1920;
•• 1uly to September. IncludIng Hansen's (1915) records

ruary to May, 1920 (fig, 50), Although the locations where Th, longicaudatahas
actually been taken are not concentratedin the one side of the gulf or in the other,
we have usually made our largest catches of it in the eastern part, both in spring
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and in summer. For instance, it was abundant on' the edge of Georges Bank on
March 13; 1920' (station 20071), and on Browns Bank on July 24, 1914 (station
10228). This phenomenon and the fact that we have found it at most of our stations
along the continental slope abreast of Georges Bank and south of Nova Scotia, where
inermishas usually proved wanting, is no doubt correlated with its oceanic nature,
and Hansen (1915) records Th, Zongicaudata from many localities over the slope
south of Marthas Vineyard, often in great abundance.

Evidently this shrimp is a characteristic inhabitant of the cool band of water
of mixed origin which separates the tropical Atlantic (so-called "Gulf Stream")
water from the continental shelf. Probably it comes as a wanderer from the east
and north, and it may follow the outer part of the shelf at least as far south as the
latitude of Chesapeake Bay in cool summers, as in 1916 (Bigelow, 1922, p. 151); but
we have never found it at any station where the presence of a tropical planktonic
community has betrayed alarge admixture of II Gulf Stream" water. Judging.from
the boreal-Artie affinities of Th, Zongicaudata, it is probable that high temperatures
and salinities form an impenetrable offshore barrier to its dispersal off the coasts
of Nova Scotia and the United States.

Bathymetric range.-We have yet to find Th. Zongicauif,ata on the surface in the
Gulf of Maine in summer, most of the records of it for the three months, July to
September, being in hauls from 80 meters or deeper, the shoalest from 50-0 meters
(two hauls). An interesting example of its preference for deep water is afforded
by its verticaldistributionin the western basin on August 22, 1914 (station 10254),
when there were none on the surface, and, allowing for the use of different-sized
nets, many more at 235-0 meters depth than at 75-0 meters (Bigelow, 1917, p.282).
Although it is not so closely confined to the deeper strata of water during the early
spring (for we found many on the surface over the eastern end of Georges Bank on
March 13, 1920 (station 20070), and a few on the surface in the western side of the
basin 10 days later (station 20087)) most of the spring records of the species in the
gulf have likewise been from depths greater than 75 meters. Thus, it finds its most
favorable habitat at a deper level than that of Th. inermis.

Judging from the rather conflicting "statements of European students (Holt
and Tattersall, 1905; Hansen, 1908; Tattersall, 1911; Kramp, 1913), Th, Zongi
caudata is equally a deep-water form on the other side of the Atlantic, though it
comes right up to the surface of the water about ,Iceland (Paulsen, 1909). Probably
the warm layer that forms over the surface oftn9st boreal seas in late spring and
summer acts as a barrier to its upward dispersal during the warm half of the year,
just as high temperature confines it offshore, abreast of the Gulf of Maine. At any
rate, its avoidance of the surface in summer and of the coastal zone at all seasons
makes it an inhabitant of low temperatures and comparatively high salinities in
the Gulf of Maine, where the water in which most of the stock lives ranges from
about 2° to about 10° in temperature and upward of 32.5 per mille in salinity.

Whether Th. Zongicaudat{J,breeds in the Gulf of Maine or appears there only as
an immigrant from the north is yet to be learned. Probably it is endemic there
insmall numbers, like .other planktonic animals with a similar affinity for low
temperature, bllt depends as much on more or les~ constant immigration from
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northern sources, either around Cape Sable or from the mixed water along the outer
part of the continental shelf, for the maintenance of its numbers within the gulf.
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'.. r, .... '.. .... .: "
,, Thysanoessa gregaria, G. O. Bars ,

The fact that ·Thysanoessa.gregaria occurs', side by side with its bore~l~Arctic
relatives Th.inermis, ,Th, longicaudat<i; and Th. .Taschii in the Gulf of Maine is, .
as Doctor Tattersall writes me, an interesting phenomenon; for, unlike them, iiis a
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tropical and warm-temperate form which undoubtedly reaches the gulf from the
warmer waters offshore and not from the, cooler seas to the east and north. Its
local presence is sure evidence of an influx of such water into the gulf.

As I have noted elsewhere (Bigelow, 1917, p. 284), Th. gregaria is much less
common in the gulf than Th. inermis, or, I may add, than Th. longicaudata; but
the records for 1912 (Bigelow, 191411" p. 412), 1914, and 1915 (Bigelow, 1917, p. 285),
show that in summer it is to be expected anywhere on Browns and Georges Banks,
along the continental slope south of Nova Scotia, in the Eastern Channel, and in
the inner parts of the gulf as well-Ifig. 51). We have never found Th. gregaria in
any abundance anywhere in the gulf north of the offshore banks, but we took it in
numbers on the western part of Georges Bank on July 20, 1914 (station 10216),
and Hansen (1915) detected it in the gatherings from two deep stations south of
Marthas Vineyard. Curiously enough, however, in spite of its well-established
warm-water origin, we did not find it at our saltest and warmest station east of Cape
Cod, where the plankton was distinctly tropical in aspect (station 10218, July 21,
1914), nor did it appear in the tow; nettings along the slope from Georges Bank to
the latitude of Chesapeake Bay during July, 1916. Our records for this species 75 prove
that it is more seasonal in its occurrence in the Gulf of Maine than are its northern
relatives, nearly all being for August; and its history in 1915 in particular, when
it was not detected until August, although we made frequent tows in various parts
of the gulf during the spring and early summer, shows that it increases in numbers
and penetrates farther and farther into the gulf with the advance ofsummer. Its
presence there seems short lived, however, for we did not find it at all during October,
1915,or November, 1916; and althoughthe tow yielded an odd specimen off Glouces
ter on December 23, 1912, we sought it in vain in December, 1920, and January,
1921, and during the late winter and spring of 1920. Probably the correct explana
tion for its absence from the Gulf of Maine during the cold half of the year is that
the species vanishes thence when the stock that has entered the gulf during the
summer perishes at the onset of autumnal cooling. It does not reappear until the
surface waters are once more sufficiently warm for its existence, which means mid
summer. Thus it closely parallels Sagitta serratodentata (p. 58) in its status in the
gulf, and there is no reason to suppose that Th, gregaria ever breeds successfully
there. .

Thysanoessa raschil, M. Sars

.This species (fig. 52) resembles Th. longicaudata in its Arctic-boreal nature
(Kramp, 1913; Zimmer, 1909), and ranges southward along the European coast
to the northern part of the North Sea, to the longitude of Nantucket and probably
still farther, off North America; but, as I have noted in an earlier report (Bigelow,
1917, p. 284), it is much less common in the Gulf of Maine in summer than is either
Th, inermis or Th, longicaudata. It was not detected there at all in the hauls of
July and August, 1912, and appeared at only three stations within the limits of the
gulf during the summer of 1~14:-two of them in its northeastern part and the third
off Marthas Vineyard (Bigelow, 1917, p. 282). It was not detected at all duringjlie

71 For lists of the Gulf of MBine records of Th. oreoaria, 1012to 1015.see Bigelow, 1014a, p. 411, and Bigelow, 1917, p, 282.

75898-26--10
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summer of 1915, was represented by occasional specimens only in Massachusetts
Bay and over the continental slope south of Nantucket in July, 1916 (Bigelow,
1922, pp. 133 and 138)/6 and Hansen (1915) adds only one station on Browns Bank
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(August, 1877) and a second off the northern end of Cape Cod (for the same month
in 1881) to this brief Iist." Even during the cold July of 1916 we found no Th,
raschii west of Nantucket, either near shore or over the slope, though the range of

10Doctor McMurrlch did not detect it at St. Andrews.
77 He lists many localities Ior It In the Gulf of St. Lawrence, where It is evidently a eommon speciee,
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Th. longicaudata, a species equally northern in its faunal status, then extended south
ward beyond the latitude of Delaware Bay. In short, the Gulf of Maine and the
continental shelf abreast of Marthas Vineyard and Nantucket together form the
southern outpost of Th, raschii in summer.

Thysanoessa l'aschii is apparently no more plentiful in the gulf in autumn,
for we have not noted it either in October or November and only twice during our
December-January cruise of 1920-1921 (occasional specimens off Cape Elizabeth
on December 30, station 10494, and off Lurcher Shoal on January 4, station
10500). Neither did we detect Th, raschii in any of the tows made off Gloucester
from November, 1912, until March, 1913, but it swarmed a few miles north of
Cape Ann during that April. The:first specimens were noted on the 22d in the
neighborhood of the Isles of Shoals; on the 23d (when, as it chanced, none were
taken) Mr. Welsh wrote in his field notes of "the pollock schools feeding on shrimps,
which were also in dense schools" (Bigelow, 1914a, p. 408); and a large catch of
them made off Boon Island on the 25th, when Welsh saw" the feed (shrimps)
breaking water trying to get away from the pollock, which are after them," estab
lished their identity as this species. At that time the shrimp, as he noted, were
concentrated" in dense swarms apparently 6 inches to a foot below the surface,"
and although these schools had dispersed by the :firstweek in May, so that they were
no longer in evidence from the vessel, he still found them near the Isles of Shoals
in abundance on the 12th and 13th of the month. There is no knowing how much
longer they persisted there, for we did not revisit that region until the following
August, when they had disappeared. .

We have never found this species so plentiful in the gulf since then, but in 1920
it appeared at about 25 per cent of the stations occupied by the Albatro88 in March
and April, 78 twice in considerable numbers-that is, off Cape Elizabeth on March 4
(station 10059), and a few miles north of Cape Ann on May 8 (station 20122).
It again appeared in abundance in this same general region in the spring of
1925, when tows from the Fish Hawk at two stations 5 to 7 miles southwest from
the Isles of Shoals yielded large catches of T1L. raschii on April 7, with a few Th.
inermis.

The facts just outlined are enough to show that the spring is the period of
tnaximum abundance, the summer and autumn of minimum abundance, for Th,
raschii in the Gulf of Maine, and the coastal zone between Cape Ann and Cape
Elizabeth a center of abundance for it. Most of our records for it have been
located either around the periphery of the gulf within or close to the 100-meter
contour or in the shoal waters over Georges Bank (fig. 52), but more data are needed
to show whether this apparent concentration in the coastal zone is significant.

Most ofthe specimens of Th, raschii that Welsh took during its period of abund
ance in April and May, 1913, were large, and we again found large adults in Ipswich
Bay-that is, in the same general region-on May 8, 1920 (station 20122); but
\\Tith this species so rare in the gulf in summer, few, if any, of the larvee resulting
from such local centers of reproduction can survive there. Thus it is chiefly as

71Stations 20044, 20059, 20060, 20070, 20073, 20075, 20080, 20085, 20092, 20093; 20096, 20097, 20099, 20102, 20105, 20118, 20122. and
20125.
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an immigrant, not as a regular inhabitant, that Th, ra8chii occurs within the Gulf
of Maine, where it occupies much the same faunal niche as the northern copepods,
Oalanus hyperboreus and Metn:dia longa (pp, 212 and 245).

Nematoscells megalop~, G. O. Sars

The presence of this.euphausiid at our outermost.stations has been mentioned
in an earlier chapter (p.56), and we have also found it occasionally within the
Gulf-that is, off Mount ])esert Rock on Al,l.gu:st 16, 1912 (station 10032), and
at eight stations during July and.August, ~914 (Bigelow, 1917/ p. ,282), as illus
trated on the accompanying chart (fig. 51). Most of these scattering records are
from the eastern and southeastern .parts of .the gulf, as might be expected of a visitor
from offshore, andit is probable that the few.Nematoscelis that,-were present over
Browns Bank and in ,the Eastern Channel in July, 1914, represented the innermost
fringe of a swarm of this species that populated the waters over the continental
slope southeast of Cape Sable at the time.., , '

Our summer records for Nematoscelis within the gulf are based on very fe",
specimens in each case ; nevertheless, this is the season at which it .most often
occurs, for we have.never detected.it there or even on Georges Bankduring autumn,
winter, ,01' spring; but the; fact. that. the Albatross towedit in fair numbers offthe
western end of Georges Bank on February 22 (station 20044) and, southeast frqpl
Cape Sable. on March .1 Q, .1920 (station 20077), is ;sufficiyptevidence that it is. to be
expected along the continental. slope abreastof t4e gulfd,uripg the cold half of the

. year as well as the warm. It not only occurs more constantlyal<;>ng this belt thao
within the gulf, but ismuchmoreabundant tb.~re in actual numbers-s-witnees the
large catches made at our outermost stations off Cape 8,ablyby t?e, Grampus on JulY'
28, 1914, and June 24,19:1,5, and off the.southern slope, of Georges Bank on July:
24, 1916 (Bigelow, 1922, p. 138). " ," 'i"

Hansen (1915) likewise records it from many localities over, the continental
slope off MarthasNineyard, but not fromthe Gulf of Maine, from Georges Bankl
or from ,anywhere;on the continental shelf east 'Of Cape Cod. This evidence supports
the general thesis (Hansen, 1915; Zimmer, 1909; Kramp, 1913) that Nematoscelie
megalops, is typically, an oceanic form of warm-:temperateaffinity,at home in the
open Atlantic Basin; and since it is known to range as far north as Iceland and to
the waters east of .Newfoundland during the warm season, it. is not surprising that
it should occasionally enter the Gulf of Maine with the general indraught into the
eastern side of the latter. We have-no evidence that Nematoscelis ever breeds there
successfully, however,nor is this at all likely, .the probable fate of these rare im
migrants being either to withdraw once more to warmer regions as the water cools
in autumn (if they have been, able to survive the vicissitudes of Iife in a foreign
environment so long),' or to perish like other visitors from offshore, such as Thy
sanoessa gregaria and Sagitta eerratodeniaia (pp. 142 and 320).

Euphausia krohnll, Brandt

Euphausia krohnii (the only species representative of this large genus so far
detected in the Gulf) has not been taken in the inner parts of the Gulf of Maine
but was sparsely represented off the southern slope of Georges Bank (station 10220)
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and in the Eastern Channel (station 10227) in July, 1914. As has been. noted above
(p. 134), it occurred in abundance over the continental slope southeast of Cape Sable
(station 10233) a few days later. We also found it at this general locality on June
24, 1915, which, with one record at the same relative position off Marthas Vineyard
onAugust 26, 1914 (station 10261), completes the list for the Gulf of Maine cruises.

All the records given by Hansen (1915) are from well outside the continental
edge, though he lists so many captures of E. 7crohnii that the species is evidently
one of the commonest of euphausiids off the slope abreast of Cape Cod and at least
as far east as off La Have Bank, and perhaps still farther. Thus, on the basis of
actual record, Euphausia is hardly to be expected inside the outer rim of the Gulfof
Maine except as a straggler from the warmer Atlantic.

Meganyctiphanes norvegica (M. Sars) 79

While this brilliantly phosphorescent shrimp, the largest and most familiar of all
euphausiids in the Gulf of Maine, has not appeared as regularly in our tow nets in most
parts of the Gulf as has Thysanoessa inermis, it occurs locally in such abundance
that it is far more important economically than the latter. The locality records
for Meganyctiphanes are distributed generally enough to show that it may be ex
pected anywhere within the gulf north of the Cape COd-Cape Sable line during
the summer and early autumn, both in the deep basin and along shore. Nor does
the chart (fig. 53) show any apparent concentration in distribution in one or the
other side of the gulf at that season, if the considerable number of stations which
the Grampus has occupied in the Massachusetts Bay region be allowed for.

I have just mentioned (p, 135) the swarms of Meganyctiphanes that regularly
appear during the warm months about St. Andrews and in Eastport Harbor, where
numbers of these shrimps can usually be seen darting to and fro at the surface on
ahnost any calm day in August. It seems that this region of violent tidal currents
is the only part of the Gulf of Maine where Meganyctiphanes regularly enters the
estuaries, but it appeared in the shallows at the head of Frenchrqans Bay for a brief
Period in June, 1923, when a number were collected by Dr. Ulric Dahlgren. Me
ganyctiphanes appeared there again in abundance in the summer of 1924 (Dahlgren,
1925, has already reported these incursions).

We have never taken it in our tow nettings inside the off-lying islands west or
south of this at any season, and although neither comparatively shoal water, per se,
nor the general neighborhood of the coast is any bar to its presence-witness its
occurrence in Massachusetts Bay and in the Eastport-St. Andrews region-most of
the Grampus, Albatross, and Halcyon records for it have been from the basin of the
gulf outside the 100-meter contour. We have found it only once on German Bank
(August 14, 1912, station 10029), once on Browns Bank (July 24,1914, station 10228)
and twice on Georges Bank (station 10223, July 23, 1914, and station 20124, May,
1'7, 1920), although it has been taken in the Woods Hole region and in shoal water
SOuth of Long Island (Hansen, 1915).
~-----=---,-------------.,---------:------:-

II Forstntlon records for this species from 1912 to 1916, SOO Blgelow,19a, P.l1S: 1914a,p. 411; 1915, p, 273; 1917, p, 282; SIld 1922.
ll. 133. DUring the spring of 1920 It WBS taken at stations 20049, 20052, 20053, 200M, 20055, 20056, 20057.20076, 20079, 20081, 20087.
200ss,'20093, 200II7; 20098, 20100, 2()102, 20113, 20114,.20115, 20122.20~26, and 20127. In. December-March, 1920-1921, It Was taken
~~~~~~~~~~~~~ .
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The Gulf of Maine is the most southerly important center of abundance for this
shrimp, and although it ranges much farther southward along the continental slope,
most of Hansen's (1915) locality records of it from abreast of Cape Cod to the latitude
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of Delaware Bay (370 25' N. lat.) were based on odd specimens only, and we ~id
not detect it west of Cape Cod in the summers of 1913 or 1916. The frequency WIth
which it has been recorded in deep water off Cape Cod and off southern Ne:w England
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reflects the number of tow nettings that have been carried out along that part of the
slope rather than any general abundance of Meganyctiphanes there, corresponding to
which we have found it at only one of our stations off the slope of Georges Bank.

The scarcity of Meganyctiphanes over Georges Bank and in the southeastern
deeps of the gulf generally, in spring as well as in summer, suggests that the few
specimens that drift westward beyond Nantucket Shoals along the continental slope
are migrants, either from along the Nova Scotian coast to the eastward (and possibly
even from as far away as the Gulf of St. Lawrence) or from the western side of the
Gulf of Maine, not from the eastern or central parts of the latter.

The alternation of the seasons sees a corresponding expansion and contraction in
the area of distribution of Meganyctiphanes in the inner part of the Gulf of Maine.
Probably this is at its narrowest late in the winter and early in the spring, for from
February to April, 1920, we had only two records of it anywhere inside the 100-meter
contour in the whole coastal zone on both sides of the gulf-one for half a dozen
specimens near Mount Desert Island on March 3 (station 20056),and the other for
a single specimen off Yarmouth, Nova Scotia, on April 9 (station 20102)-although
we took it at many stations marked on the chart (fig. 54) in the central and northeast
deeps of the gulf during that period. Nor did we find it anywhere on Georges or
Browns Banks during these months. In fact, it is seldom that the local presence or
absence of anyone of the larger members of the zooplankton can be defined so sharply
as in this instance. Thus it is evident that Meganyctiphanes withdraws altogether
from the shallows of the gulf within the 100-meter contour during the coldest season,
unless, perhaps, it persists locally around the shores of the Bay of Fundy; and our
failure to find it at any of our February-May stations over the continental slope
abreast of the gulf suggests that it vanishes similarly from this portion of its range in
late winter and spring. Thus its area of distribution in the Gulf of Maine is then
cut off from its more northerly centers of occurrence by an extensive zone off southern
Nova Scotia and extending around Cape Sable, where there are no Meganyctiphanes
at that season, which is not the case for Thysanoessa inermis (p, 135) or for Th.
longicaudata (p. 139).

During the later spring and early summer Meganyctiphanes disperses in all
directions in the Gulf of Maine, to occupy the much more extensive range over which
we have found it occurring in midsummer, and reappears over the slope off Marthas
Vineyard.

The contraction of the range of Meganyctiphanes, from its maximum in summer
and early autumn to the spring state just outlined, may commence as early as October
in the western side of the gulf, for we have not taken it anywhere in the Massachusetts
Bay region in October, November, December, or during the winter of 1912-1913.
It persists until later in the coastal belt north of Cape Ann, where we towed it near
the Isles of Shoals and off Monhegan Island 'on November 1 and 2,1916 (stations
10400 and 10402); off Cape Elizabeth, near Mount Desert Island, in the northeastern
part of the basin, in the Fundy Deep, and off Lurcher Shoal during the last days of
December and first week of January of the winter of 1920-1921 (stations 10494,
10497, 10499, 10500, and 10502).
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I have already mentioned the fact that the deepest water in the northeast corner
of the basin, off Grand Manan, has yielded an abundance of Meganyctiphanes in
March, April, May, and June, as well as during the later summer (p. 134). Consider-
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able numbers were also taken by the Halcyon in the deepest haul (150-0 meters)
near-by on January 5, 1921 (station 10502), proving that this serves as a reservoir
for Meganyctiphanes throughout the year. This shrimp has also been taken at most
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of our stations in the western side of the basin of the gulf,except on May 5 and
June 26, 1915 (stations 10267 and 10299).

The triangular extremity of the deep trough north of latitude 44° is the only
offshore locality in the gulf-where we have found it constantly abundant. Moderate
catches of Meganyctiphanes were also made on Browns Bank on July 24, 1914
(though our hauls at about this same location just one month earlier in 1915 yielded
none), in the' Fundy Deep on March 22, 1920 (station 20079), in the center of the
gulf on April 17 of that .year (station 20113), and it has been found swarming in
Massachusetts Bay at least once in the past .(Hansen, 1915). However, we have
never taken more than a few specimens at any station there in all our cruising; and
the fact that, with the exceptions just recorded,our hauls in other localities have
usually yieldedonlyfrom one or two.to a couple of dozens of these shrimps is evidence
that Meganyctiphanesseldom swarms anywhere in the gulf except in the northeastern
part. _

It is not possible to estimate the actual numerical strength of Meganyctiphanes
at any of our stations, because the small nets that have been used for the vertical
tows in the Gulf of Maine do not yield reliable data for so active an animal and one
which so commonly occurs in .shoals, Two stations occupied by the Albatro88 in
the center of abundance for this shrimp off Grand Manari during the spring of 1920
illustrate this imperfection of the record, for the vertical haul of April 12 (station
20100). did not yield a single specimen-that is, missed the school of shrimps alto
gether-although the catch of the horizontal haul-about 50 specimens-was about
the same as on March 23 (station 20081), when the vertical haul indicated a
Meganyctiphanes population of about 275 below each square meter of sea surface;

Although Meganyctiphanes is not neritic (for it is not dependent. on,the bottom
at any stage in development or associated with the coast line in its distribution),
it isa creature of the banks water on both sides of the Atlantic and is not oceanic
in the. typical sense, finding the high temperatures •and salinities outside the edge
of the continent an absolute barrier to its offshore dispersal along the American
littoraL At one place and season or another Megsnyctiphanes-occurs over a very
~de range of temperature in the Gulf of Maine, certainly from upward of 15° to
as low as2 to .3°, and possibly even colder; but it was rare at. the coldest stations
(0.5 to 2.5°) during March and April, 1920, with only three records from water as
cold as 2°,80 the temperature being higher than 3° and in most cases as.warm as 4°
to 5° at the five localities and at the deeper levels where it was most abundant during
those months, although the surface strata might be colder." It follows that almost
the entire local stock of the species was then living in tempeartures of 3.5 to 5°.
Therefore 3 to 4° may be set tentatively as the coldest favorable for the existence
of Meganyctiphanes in the Gulf of Maine, a thesis corroborated by its absence from
IpSWich Bay on April 9, 1920 (station20092), when the temperature at 20 to 30 meters
was still only 2.5°, coupled with its presence there on May 8 (station 20122), by
which date the temperature had risen to 3 to 4° at that level.
--------------------------------------

10 One specimen at station 20054, lOIHImeters, tomperature 1.7 to 2.5°; , occasional examples at station 20056, whole column of
"'ilter,O.5 to 1~9°;3 spectmens at statlott20057, whole column of water, 1.9 to 2.2"; , . ', ..

. 11Station 29079, 180meters, about 4°; station 20081, 140.meters, 4,5°: station 20100, 100-0 meters, .llbout.4.5°; station 20113,
Surface,3.3, and 4.5° at about. lao meters; station 20114,110 meters, about 4°. '. .

,;. '. .. '. , ". ' ,. , , >
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These observations make it probable that Megancytiphanes deserts the shallow
coastal zone as winter draws to its close, in order to avoid the extreme chilling to
which this part of the gulf is subject; but data for a single year, and especially for
one as cold as 1920, are not enough to settle this point definitely. On the other hand,
the great majority of our captures of Meganyctiphanes have been from water colder
than 12°, both in the offshore parts of the gulf and on the surface about Eastport
and St. Andrews. But off Cape Cod, on August 23, 1914 (station 10256), we found
it indifferently on the surface at a temperature as high as 19.5° and in the much
cooler (5 to 6°) layers deeper down, and probably the Massachusetts Bay swarm
mentioned below (p. 153) was likewise living in water at least as warm as 16°.

Evidently the highest temperatures that ever obtain in the open waters of the
Gulf of Maine are not immediately fatal to Meganyctiphanes, though it is doubtful
whether it could long survive water so warm; nor does it always avoid it, although
it may cease its upward swimming to do so or sink a few fathoms to escape it once it
has come up to the surface. Nevertheless, judging from the distribution of Mega
nyctiphanes in other seas, it is probable that a constant high temperature is not
favorable for it, and I think it safe to set 12 to 15° as the upper limit for its per
manent existence. and especially for its reproduction. Within the limits of 3 to 1511

it is practically eurythermal in the Gulf of Maine, both horizontally and vertically,
and its distribution there is equally independent of local and vertical differences in
salinity, for it occurs indifferently over the whole range-that is, from 31 per mille
or less to 34 per mille-except perhaps in the very freshest water at the time of
the spring freshets. This parallels its distribution in European seas, where it is
common in the Skager-Rak in salinities ranging from as low as 28 to 30 per mille to
as high as 34 to 35 per mille at different seasons (Kramp, 1913).

Apparently there is nothing in the physical state of the water over Georges
Bank to account for the scarcity or absence of this euphausiid there, nor can a cause
be assigned for this apparent anomaly in its distribution until its life history has
been traced in more detail.

The bathymetric distribution of Meganyctiphanes in the Gulf of Maine remains
puzzling. Most of our summer records for it in the offshore parts of the gulf haV'e
been from deeper than 40 meters or so, and when this shrimp has occurred on the
surface at that season it has usually been represented more numerously at som.e
deeper level, a rule illustrated by two stations in the western basin (August 22 and 23,
1914), when the number of Meganyctiphanes taken in the several hauls was as
follows:

Deptb In Number Depth In Number
Station of specl- Station oupec!'.meters mens; meters mens--102M••_.___••_••__ ._•••_.______•••_.__.n_ 0 13 10256•• _. _____ •••_. _______ • ___ •_. ______ •_. 0 8

45-0 38 45-0 35
225-0 50 -

Not only have we taken it right down to the bottom of the deepest trough of tpe
gulf, but it is only in the lowest strata of the latter that it occurs regularly and in
numbers throughout the year, except in the Eastport region. To balance against
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this apparent preference for considerable depths is the fact that the small surface
net captured no fewer than 111 large specimens in the center of the gulf on April 17,
1920, at 2 p. m. (station 20113), while the haul from 120 meters took only three,
though there were many of these shrimps at 110 meters, but none on the surface only
35 miles distant to the westward (station 20114), that same day. S. 1. Smith (1879
p. 89) likewise found it in shoals on the surface" on the mackerel ground" off Casco
Bay, both day and evening during the warm months 40 years ago. It swarms on
the surface in the Eastport-St. Andrews region in midsummer and early autumn,
as just remarked (p. 147), and although recent records for it in Massachusetts Bay
have all been from depths of 40 meters or deeper, quantities of Meganyctiphanes
were taken at the surface at the mouth of the bay on July 7, 1894, in dip nets from
the rail of the Grampus; and they were so abundant there at a depth of less than 2
fathoms two days later that a large number found their way into the fish well of the
vessel (Hansen, 1915). Thus,while the normal habitat of Meganyctiphanee is in the

.low temperatures and darkness of the deeper strata in the trough of the gulf, it may
rise to the surface anywhere at any time. In the Eastport region it may be brought
up involuntarily by the active stirring of the water which takes place there, and the
constancy of this type of vertical circulation may account for the regularity of its
presence at the top of the water there, expecially in view of the low surface tem
perature that characterizes that locality (10 to 12° in summer and early autumn).
The Massachusetts Bay region, with surface readings of 16 to 18°, is nearly the
warmest part of. the gulf in midsummer, so Meganyctiphanes is not prevented from
making occasional excursions upward to the top of the water even by temperatures so
high that a prolonged stay would probably prove fatal. Furthermore, such excur
sions in this part of the gulf during the warm months. involve voluntary upward
swimming, the vertical currents being weak and the water highly stable, with its
density much the lowest at the surface. Neither do they correspond to the diurnal
vertical migrations shared in by many copepods (p. 25), because the appearances of
Meganyctiphanes at the surface appear to be independent of the time of day. There
fore, the actual captures so far recorded do not indicate any definite phototropism
on its part, positive or negative, although it is doubtful whether it could long survive
the full illumination of bright sunlight.

Experience in most parts of the Gulf of Maine is therefore in line with Paulsen's
(1909) conclusion that when Meganyctiph~nes visits the surface in Icelandic waters
it is not as a direct response to temperature (to which I may add salinity) or to the
degree of, illumination, but..in pursuit of food. It, is also brought up by vertical
currents, where these are active.
. The depth at which Meganyctiphanes is most plentiful is more definitely limited,
and the relationship between its vertical occurrence and temperature is closer in
North European waters than in the Gulf of Maine; Off Ireland, for instance,and
in such parts of the North Sea as it visits, this euphausiid lives chiefly in the deeper
layers of water, reaching its maximum, according to Tattersall (1911), at about 200
meters. In the Skager-Rak (Kramp, 1913, p. 542) it carries out a more or less
definite vertical seasonal migration, always seeking the coldest level, which leads
it to the surface in winter and down to lower levels in summer.
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Breeding habits.-The spawning of Meganyctiphanes has not actually been
observed either in American or European waters, but it seems certain that this
genus either does not carry its eggs with it at all after they are extruded, as some
other euphausiids do, or that it nurses them only for a brief period at most, both
because ovigerous females have never been seen, so far as I can learn 82 (Holt and
Tattersall, 1905), and because eggs probably ascribable to this species have been
found free floating in the one-celled stage by Sars (1898) and by Lebour (1924a).
It is true that the eggs of Meganyctiphanes have not been identified with
absolute certainty from among the plankton. Sars (1898), however, thought it
probable that at least some of the euphausiid eggs 83 about 0.7 to 0.8 millimeter in
diameter, which he found in Christiania Fjord where Meganyctiphanes is plentiful,
had that parentage. Similar eggs had already been recorded from the Clyde area,
a center of abundance for Meganyctiphanes, by Brook and Hoyle (1888). Holt
and Tattersall (1905, p. 103), too, have assigned to this genus certain loose ova
found side by side with Meganyctiphanes and occasionally even clasped between
its thoracic legs, among various articles of prey, though without describing the
dimensions or appearance of the eggs in question. Lebour (1924)· has recently
ascribed to this same parentage certain euphausiid eggs from the English Channel,
because of the characters of the larvte hatching therefrom.

Brook and Hoyle, Sars, and Lebour all agree in describing these eggs (the
correct identification of which is made practically certain by cumulative evidence)
as inclosed by a perfectly transparent capsule 0.7 to 0.8 millimeter in diameter, the
ovum proper having a diameter of approximately 0.3 to 0.4 millimeter. ' Thus, when
first set free in the water they much 'resemble buoyant fish eggs with wide
perivitelline membrane; but cleavage being holoblastic and the development of the
nauplius plainly visible within the egg; thanks to its transparency, their crustacean
nature is apparent almost from the beginning. Euphausiid eggs are so characteristic
in appearance, also, that there is no danger of confusing them with any other buoyant
eggs.

Our own hauls in the Gulf of Maine have yielded 'considerable numbers of eggs
of this same type and size in various stages of development. ' We first detected them
in a surface tow in the Grand Manan Channel, off Campobello Island, August 19,
'1912 (in the report. for that year (Bigelow, 1914, p; 104)'they were referred to through
'error as "balanus" eggs). These were for the most part in early cleavage stages,
a few in various stages up to the fully formed nauplius ready to hatch. Eggs of this
same type, as well as the recently hatched nauplii, were again taken on the 22d of
the month off Penobscot Bay (station 10039). Since that time we have detected
similar eggs in the Fundy Deep and offMount Desert Island in June (stations 10282,
10284, and 10286, June 10 to 14, 1915) and off the mouth of the Grand Marian
Channel onJuly 15, 1915 (station. 10301). It is not safetbsay that all these eggs
are Meganyctiphanes, for Lebour(1924) found eggs of Thysanoessa inermis indis
tinguishable from them; but the strong.probability that at least part of them belong
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to the former suggests that Meganyetiphanes spawns in summer, which fits in with
the season of abundance of euphausiid larvee (p, 134) and points to the northeastern
part of the gulf, where this shrimp isso abundant, as its chief spawning ground.

Nothing is yet Known of the seasonal occurrence or distribution of the larvee
of Meganyctiphanes in the Gulf of Maine except that juveniles of. the species were
taken in some numbers off Cape Cod on July 19, 1914, in a haul from 70 meters
(Bigelow, 1917,p. 282,station 10213). Very likely this genus was represented
among the larval euphausiids taken on the surface off Cape Elizabeth on August H,
1913 (station 10103); in Massachusetts Bay and off Cape Cod.in July, 1916. (Bige
low, 1922, p. 133, and station 10343); and off the cape in August, 1914 (Bigelow,
1917, p. 283). These, however,havenotbeen studied." McMurrich, too, found
young (unnamed) euphausiids common ut St. Andrews from April until August,
probably the offspring of the two pelagic'shrimps Meganyctiphanes and Th. inermis,
which are so' plentiful in that region. However, larval euphausiida of any sort
ha.vealwaysbeenvery rare in our offshore catches in the northeastern part of the
gulf; notwithstanding the constant presence 'of the adults there. .,

Hanse:ri;(191i5,' p. 68), I may add, records H immense numbers of older
larvrell'!ofMeganyctiphanes takenvon May' 25, 1891"over the ;50-meter contour
south-of Shinnecock Light,Long Island, which is more thah2° of longitude farther
west 'thanthe'udulta of this euphausiid have ever been found in any number: The
possibility thal1 adult Meganyctiphanes, in-eempanyrwith the general Calanus com
rnunity, .may 'spread farther west. and south over the shelf, during- the .cold season
than it does-in summer makes it unsafe to assume that the larvrein question had
drifted to the locality of capture from amore-eesterly-birthplace. (Comparerir;
thie'conrrecticmthe-status of Thysanoessa inermis westo! Cape Cod; p: 138:)

Although the evidence that ,the Gulf of. Maine is a successful breeding !ground
for Meganyctiphanes still Iackseomething of proof.positive, it is probable that this
shrimp-is not only regularly 'endemic there but that the northeastern part of the
gulf is oneof the most important centers of production for it off the American coast,
and -onevtoo, which receives few accessions from the northbutforms a, distinct and
practically isolated colony. The relative distribution of euphausiid eggs and Iarvee,
like that of, pelagic' fish eggs and Iarvse, is consonant with 'a general drift around the
shore of the ,gulf with the dominant anticlockwise eddy, from tho Bay of Fundy to-:
ward Oape Cod, on the partof.the developmental .stages.

~ ; '1 .

'!'hysanopoda acuttrrons, Holt and, Tattersa~l

The.claimof this species to mention-here rests on a single record-five specimens
from the southeast -corner of the gulf,July 23, 1914 (station 10225), identified by
Dr,'W.M. Tattersall (Bigelow, 1917, p. 282).

, Ouher eupnausnds

The species discussed above are the only euphausiids actually identified from
within the Gulf of Maine or from the shoal waters over its southern rim up to the
present time. Sundry other members of this group have been taken at one time or

II Accordingto Lebour (1924a) the larval stagesof Meganyotlphanesand Thysanoessa are elU!l1y recognized.
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another at the outermost stations, between longitudes 71 and 65° and north of
latitude 39°, both in the earlier collections of the Bureau of Fisheries, reported on
by Hansen (1915), and during the more recent Gulf of Maine explorations, the latter
identified by Doctor 'I'attersall." The combined list is as follows: Bentheuphausia
ambylops, Thysanopoda orientalis, Euphausia americana, E. mutica, E. brevis, E.
tenere; E. hemigibba, Stylocheiron carinatum, S. abbreoiaiusn, Thysanoessa parva,
Nematoscelis atlantica, N. microps, and N. tenella. These are all oceanic species,
any of which may be expected to occur occasionally in the southeastern corner of
the gulf; hence a lookout should be kept for them in future collections from that
region.

HYPERIID AMPHIPODS

Euthemisto

The genus Euthemisto is one of the most characteristic, if not abundant, mem
bers of the plankton of the offshore waters of the Gulf of Maine. How regularly
it is distributed there in summer (fig. 55) and over the shore banks as well appears
from the fact that it has been taken at at least 90 per cent. of our stations outside
the immediate coastal zone, as bounded by the 100-meter contour on our July and
August cruises of 1912, 1913, 1914, 1915, and 1916. Inside this zone, on the con
trary, it fails almost as regularly at this season, with only four or five summer records
for it from water shallower than 100 meters along the western side of the gulf. Simi
larly, it is so rare at St. Andrews that it finds no place in Doctor McMurrich's local
plankton lists, and this is true, toa less extent, off western Nova Scotia as well,
judging from its irregular occurrence on German Bank.

Euthemisto is usually only a minor factor in the plankton of the inner parts of
the gulf. This rule has its exceptions, however, for we encountered swarms of its
larvre off Penobscot Bay on August 11, 1913 (station 10090), and of adults as well
as young in the deep basin farther east (station 10092), while it was so plentiful in
the western basin on August 31, 1915 (station 10307), that the haul from 40 meters
yielded about 200 cubic centimeters of adults and multitudes of newly-hatched
larvre.

We have usually found Euthemisto an important element in the tow nettings
at the mouth of the gulf and over the outer part of the continental shelf generally
from off Halifax to abreast of New York. For example, E. compressa abounded on
the south side of Nantucket Shoals on July 9, 1913 (station 10060), while young
bispinosa swarmed in the water southwest of Nantucket on August 22 of that same
year (station 10112). We took about 1,000 cubic centimeters of medium-sized
Euthemisto in a half hour's tow at 40 meters near Cape Sable on August 11, 1914
(station 10243), an equal volume of large specimens in a surface haul of the same
duration with a net 1 meter in diameter on Browns Bank, July 24. 1914 (station
10228), and 750 cubic centimeters on the surface off Shelburne, Nova Scotia, three
days later (station 10231). Euthemisto" again formed a considerable part of our
catches on the shelf south of Nova Scotia (stations 10291 to 10294), on Browns
Bank (station 10296), and off Marthas Vineyard (stations 10332 and 10333) in

.. For the actual details of capture I refer the reader to Hansen (1916) and Bigelow (1917).
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the summer of 1915" (Bigelow, 1917, P: 286), as well as over the southwest part of
Georges Bank in July, 1916 (stations 10351 and 10353), which substantiates the
t ow nettings made by vessels of the Bureau of Fisheries in past years,

4'

•

r">: •
\ ~ .

'~ .~ .
-, (

... 1

•

66'89"

••
-I- +

88' 87' 86'

..);.. ~.~~.•!!:.!!?!!.~! \ .f-

(' j
t

69'

6&"

...

• •

+

70"

7ft

•

o

o

71'

...

71"

o(
,/

+ 01- /i. ..........;.........

.........
~ "" /."..@.~

............................. • O'

@ - ~ , ."..@". ..
+ • e

41'

40

44 + ....

•
e

@ @ •
• ••• ++0 01-

•
:.

• •

FIG.55.-0ccurrence of the amphlpod genus Euthemlsto. July. August.l\Ild the first week of September. •• 100001lty
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symbols are for the more notable swarms .

This zone of abundance can hardly extend out beyond the continental edge,
for, generally speaking, we have found Euthemisto decidedly less common over the
Continental slope and rare at the deep stations where the plankton is characterized
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by a large tropical element (e. g., station 10218, July 21, 1914). Thus.its abundance
along the outer edge of the shelf does not imply an oceanic origin; but, like Oalanus,
it is typical of the water of the coastal banks off the .Gulf of Maine and along the
American lit oral as a whole, finding the inner edge of the so-called Gulf Stream a
fluctuating barrier to its seaward dispersal, which is in line with its boreal nature.

Euthemisto is not only more numerous over the outer part of the shelf than
within the Gulf of Maine, but it grows larger there, although very large specimens
occasionally occur even close to land. When adult females with eggs are taken in
our coastwise hauls they are seldom 'over 10 millimeters long, with the general run
of the catch still smaller, whereas the numerous adults taken over the offshore banks
are often as long as 20 millimeters.

Although we know little of the status of Euthemisto in the offshore parts of
the gulf in autumn, there can be little doubt that an inshore movement of greater
or less extent takes place at that time, for in 1915 this genus occurred in some numbers
in October in Massachusetts Bay, where it is usually scarce or absent in summer
(p.' 156). Apparently it reaches its maximum abundance in the coastal zone of the
gulf in October and November, and during the third week of November in 1912 it
was, comparatively common near Gloucester (Bigelow, 1914a, P. 403). To judge
from the season of 1920 and 1921, however, this autumnal increase ,IS followed by
shrinkage inits numbers with the onset of winter, for in late December. and early
January we took Euthemisto at only 5 out of 1,4 stations in the northern and western
parts of the gulf-never more than a few specimens in any haul-nor did i1>appear
in any abundance later than November during the winter of 1912-1913,though a
few were noted at all our stations until February.

In February and March, 1920 (fig. 56), Euthemisto was, as generally distributed
over the gulf and over Georges and Browns Banks, as it is in summer (fig. 55); but it was
far less numerous, for it appeared at only about half the February and March stations
(occasional examples only), the only exception to this rule being the waters 'off south
ern Nova Scotia (not strictly within our limits), where it was taken in some numbers
on two occasions (stations 20074 and 20075). Itsnumbers in the gulf fell to an even
lower ebb in April, when we detected it (in very small numbers) at only 6 out of 30
stations, a shrinkage due to an actual decrease in the stock and not to an emmigra
tion out of the gulf, for, as it happens, these few records were near Cape Elizabeth,
on the one hand, and off the western shores of Nova Scotia, on the other, with no
Euthemisto whatever taken at our stations farther out at sea during the month.

In 1920 none were detected in the western side of the gulf in May (stations
20120 to 20126), though a few (both biepinosa and compressa) were taken. off the
seaward slope of Georges Bank on the 17th (station 20129), in a haul from 100-0
meters; but in 1915 (which was also an earlier season in other respects) a scattering of
Euthemisto was noted at most of the May and June stations at the mouth of Mas
sachusetts Bay, in the gulf generally outside the 100-meter contour, off Lurcher
Shoal, on German and Browns Banks, and over the outer part of thecontiriental
shelf outside the continental edge off Shelburne, Nova Scotia. s6 During these months

IeRecorded in my field notes from stations 10269, 10270, 10272, 10273, 10278, 10279,10281,10282, 10284, 10288,10290,10291,10293,
10294, 10295, and 10296. . . .
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it was noted at only one of the stations (10287) inside the lOO-meter contour along
the eastern coast of Maine,
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FIG, 56.-0ccurrence of the amphlpod genus Euthemlsto from February to Aprll,1920. e, locality records for Eutheml3/o
compre33a: 0, locallty records for E. compreuaand E. bi3pin03a,' 0, stations where neither ocourred; X,locality records
for larval too young for Identification as the one speclcs or the other,

Euthemisto thus exhibits a more or less definite summer and early autumn
maximum contrasted with an early spring minimum in the Gulf of Maine, disappear
ing from the. coastal zone, as its numbers dwindle in late winter or early spring, to

75898-26-11
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reappear therein October and later. This seasonal cycle is just the reverse of what
obtains in the North Sea region, where Euthemisto eompresea occurs commonly in
winter with the indraught of Atlantic water (Tesch. 1911), but only in small numbers
at other seasons.

The presence of adults with eggs, of larval, and of immature specimens at various
stages in development shows that Euthemisto 87 breeds successfully over the entire
area of the Gull of Maine outside the outer islands and headlands-perhaps even in
Massachusetts Bay. Large numbers of young are sometimes produced in the inner
parts of the gulf-for instance, the swarms of young off Penobscot Bay in August,
1913, mentioned above (p, 20)-as well as in the surface waters of the western basin,
where newly hatched as well as medium-sized Euthemisto were plentiful on August
31, 1915 (station 10307). The chief breeding areas, as indicated by relative abun
dance, lie over the outer edge of the continental shelf, extending as far west at least
as longitude 710, where we found shoals of young specimens as well as of adults late
in August in 1913 (Bigelow, 1915, p. 281) i likewise on the central, northwestern, and
southwestern parts of Georges Bank, on Browns Bank, and in the coastal waters
off Cape Sable. In this general zone we have 'not only found breeding adults as
well as young on many occasions, but more than once have taken young in abundance
on the surface and adults with eggs in the deeper hauls (p. 163).

The breeding season of Euthemisto certainly extends over a large part of the
year, for we have found its Iarvee in every month from February until October.
Probably it also breeds during the late autumn, when we have not visited its chief
offshore areas of reproduction, for occasional young specimens appeared in our
tows near the Isles of Shoals and off Cape Cod in the first week in November, 1916
(stations 10400 and 10403), and in the deep near Cape Ann late in December, 1920
(station 10389); but young are produced in greatest number in June, July, and
August.

No attempt has yet been made to estimate the actual numerical strength of
Euthemisto in the Gulf of Maine, but at times the local population must be con
siderable to yield the abundant tow-net catches mentioned above (p. 156).

In the preceding lines the genus has been treated as a unit. The relative
fluctuations of its two local representatives, the species compressa and biepinosa."
are next to be considered. Although these two species of Euthemisto are often
taken side by side, they occupy somewhat different faunal niches, with bispinosa
the more oceanic of the two and showing a more definite seasonal movement toward
and away from the coast than eonvpresea does.89 During the period February to
May, when the genus as a whole is at a low ebb in the Gulf, compreS8a is decidedly
the commoner member of the pair in its inner waters, while on Georges Bank and
south of Nova Scotia the two occur in roughly equal numbers at that season (at
least such was the case in 1920). In June, when the numbers of ·the genus as a
whole increase, compressa still predominates within the gulf, but we found bispinosa

., Both E. comprU'8 and E. bl8pino.a •
•8 For descriptions and the distinguishing features of these two see Sars, 1895; I have elsewhere given tables of the relative

abundance of the two for several of our erulses (Bigelow, 19146,p. 4; 1915,p, 279; 1917,p. 287; 1922,pp. 133and 148)•
.. For tables of the relatIve abundance of the two species of Euthemlsto from 1913to 1915see Bigelow, 1915,p. 282,and BigeloW

1917.llP. 287and 288.
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outnumbering it off Shelburne (station 10294) and on Browns Bank (station 10296)
during that month in 1915.

Station Species present station SpooIespresent

20044_ •• u __ u _ u _ •••• __________ • OomJ,ressa. 20074._. ___ h ____ U U _ U h _ .. __ • __ Oompressa and b1splnosa.20045___ 00________ U_ u __ h ______ o. 20075__ .. _. ___ 00___ 0000___________ Do.20046_____ • ____________________ .. Oompressa and blsplnosa, 20077___ •____ . __________ U ____ • ___

OomJ,re88ll.20050___ 00___________ 00__•__00___ Juveniles. 20079_______ . _... __ 00__ . __0000____ o.20052._____ .. _. _____ 00______ 00___ Oompressa and blsplnosa, 20087.._00_.___ •_. _____ •n' ___ •• 00 Do.
20055_____ •u., •••• _ •• _._ •• __ • ___ Oompressa. ,20005. _______ •00___ • ________ •• 00._ Do.20057.___________ • __ •__. _____ •___ Oompressa and blsplnosa. 20102____ ....... 00__ . _. __ . _..• ____ Juveniles.
2006f;•• __00__ •_•• _____ •• ___ •_..__ Do. 20104__________________ •_00__ 00.__ Do.200.67_.. __ •. 00_______ • ________ •__ Juveniles. 20112_____ •_____ •__ ... _.. ____ 00_. _ Oompressa,20068. ____ •_.. 00________ U ____ •• _ Oompressa and blsplnosa. 20113_________ • __ . _•••• ___ •_. _____ Oompressa and bl6plnosa.20071.___ • _____ •_______ 00__ •_____ Juveniles. 2011400 ____ 00_00 00" ___ 00. __ . _____ Oompressa,
20072___ ••••u.u U_h _________ h Oompressa, 20129____ • _______________________ • Oompressa and blsplnosa.

With the advance of summer the ratio of bispinos« to compressa increases.
Thus, in July, 1914, biepinos«outnumbered the latter on the southern part of Georges
Bank (stations 10216.and 10223) and on Browns Bank (station 10228) and .about
equalled it on the northwest part of Georges Bank (station 10215) and in the eastern
channel (station 10227); but compressa was still the dominant member of the pair
off Massachusetts' Bay (station '10213), in the southeastern part of the basin of the
gulf (station 10225), over the northeastern edgeof Georges Bank (station 10226),
along the continental edge off the southeast and southwest slopes of Georges Bank
(stations 10220 and 10218), and abreast of Shelburne, Nova Scotia (station i0233).

In August of that year biepinosa was the 'dominant member of the pair near
Oape Sable (station 10243) and in the eastern side of the basin (stations 10245 and
10249). The two species were about equal. off .Mount Desert and Penobscot Bay
(stations 10248 and 10250). , In the deep water off Cape Ann (station 10254) com:.
pressa was the more numerous at the surface,but bis'pinosa predominated in the
haul from 225-0 meters. Oompressa still dominated at the mouth of Massachusetts
Bay and in the south central parts of the basin (stations 102?3, 10255, and 10256),
but bispimoe« was much the more numerous of the two at two stations on the conti
nental shelf off Marthas Vineyard at this time (stations 10258 and 10259), and while
it dominated at one station at the continental edge (station 10260), eompreesa out
numbered it at another station a few miles farther out (station 10261).

Bispinosa is not so important, relatively, in the inner parts of the gulf every
summer, for in 1913 compressa outnumbered it at all the August stations east of
Cape Cod and north of Georges Bank, though bispinosa was more plentiful then
than it had been a month previous (we have no autumn records for that year in
the gulf), and with the same center of abundance as in 1914-that is, the central
and eastern parts of the deep basin. Bispinosa outnumbered compreesa in Massa
chusetts Bay, off Oape Cod, and locally south of. Marthas Vineyard in October,
1915 (stations 10258 to 10267); and in the first week of November, 1916, it again
predominated off Cape Cod (station 10404) but was detected at only two of five
stations farther north in the gulf at this time, whereas eompresea was at all of them.
Oompressa was also the only Euthemisto noted close to land near Marthas Vineyard
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on November 10' (station 10405), but farther out on the continental shelf on this
line bispinosa predominated in the rich catches of these amphipods (stations 10406
and 10407).

In Massachusetts Bay, which may be taken as fairly representative of the western
coastal waters of the gulf, E. bispinosa attains its greatest numerical strength, com
pared to E.compressa, during late autumn or early winter, dwindling rapidly there
after, as appears from the following table of the relative abundance of the two
species in samples of the catches made off Gloucester during the winter of 1912-1913.

Station Date Com- Blspl· Station Date Com- Blspl·
pressa noaa pressa noaa

-- --
10047.. n •••• __ •••• __ •••••__ ••• Nov. 20,1912 20 12 10051•••••••••••••••••••••••••• Jan. 30, 1913 4 0
10048•••••••••••••••••••••••••• Dec. 4,1912 15 25 10052. __••••••••••••••••••••••• ••• __do... __ •• 25 3
10049•• """""" •••••••••••• Dec. 23, 1912 15 12 10053••••••__•••••••••••••••••• Feb. 13,1913 30 5
100M•••••••••••••••••__•• __••• Jan. 16, 1913 30 2 10054•••••••••••__•••••.••••••, Mar. 4,1913 20 0

Although it is not yet possible to outline the relationship of the two species
more in detail, it is saf e to say that E. compressa is a permanent and characteristic
inhabitant of all parts of the Gulf of Maine except the immediate coastal zone,
occurring there wherever the genus is known at all, and at all seasons. E. bispinosa
is to be found over the outer parts of the continental shelf throughout the year,
but it is only a seasonal visitor to the inner parts of the gulf, spreading first into its
eastern half in summer. By autumn and early winter it may rival compressalocally
right up to the western and northern shores of the gulf, but in the western coastal
zone it is usually outnumbered by the latter even at that season, and either perishes
or withdraws seaward once more with the advance of winter.

Thus, E. bispinosa is decidedly more oceanic than E. compressa, as it occurs
in the inner parts of the gulf, which corresponds to the fact that it usually equals
or predominates over the latter in the coast waters south of Nova Scotia, over the
whole southern part of Georges Bank, and in the shallow waters south of Marthas
Vineyard and Nantucket. It is also more oceanic .than compressa on the European
side of theAtlantic, seldom appearing within the North Sea, hut regularly present
off the west coast of Ireland (Tesch, 1911; Tattersall, 1911), well out from the west
coast of France, at least in autumn (Le Danois, 1921), and in the colder waters
of the Norwegian and Arctic Seas. But with the two species in roughly equal
numbers in the rather scant catches outside the continental edge, or with compressa
and not bispinosa predominating there (sometimes, in fact, the only member of the
pair represented, as at station 20064 on March 11, 1920), the .relative status of the
two species offthe North American littoral can not be established without further
study. .

As a general rule, when bispinosa outnumbers compressa its. preponderance is
greate$t in the deep hauls, whether in the gulf, over the banks, or. west and south
of Cape Cod.

The adult Euthemisto are not characteristic of any precise depth level in the
water, as is the large copepod Eudueia norvegica, for example (p. 29), but occur
at all depths from the surface down to the deepest strata of the Gulf of Maine.
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Large ones, however, especially the females with eggs, have rl!orely been taken in
our surface nets; and even medium-sized individuals have usually been but sparsely
represented in the surface hauls, although we have occasionally met exceptions to
this rule, notably in the northeastern part of the gulf during August in 1912 and
1913 (stations 10032 and 10096) and off Marthas Vineyard on July 10, 1913 (station
10062). On the other hand, E. compressa, like Calanus, has usually proved more
abundant above than below 100 meters depth whenever two or more subsurface hauls
have been made at different levels.

The bathymetric distribution of the -Iarvee of Euthemisto differs from that of
the adults, for they are usually most numerous at or close to the surface. The
fact that we have taken them in swarms in the surface nets at several stations where
their parents (or at least females with eggs) were plentiful at deeper levels is evidence
that they rise through the water immediately after they are hatched-one of the
innumerable provisions of nature for the perpetuation of the species, for otherwise
they would inevitably be devoured by their own voracious progenitors (p. 107).
Examples of a bathymetric stratification of this sort as between adults and Iarvee
were noted in the eastern part of the gulf (stations 10092 and 10093) and off Marthas
Vineyard (station 10112) in August, 1913; over Georges Bank in July, 1914 (sta
tions 10215 and 10219); off Shelburne in June; in the western basin in August,
191.5 (stations 10293 and 10307); and off Marthas Vineyard in July, 1916 (station
10353).

Both species of Euthemisto-compressa and bispinosa-like Oalanusfinmarchicu«
and Sagitta elegans, tolerate very wide fluctuations of temperature and salinity, as,
indeed, they do in European waters as well (Tesch, 1911). So far as actual occur
rence goes, we have taken them over the whole range of temperature prevailing
within the limits of ' the gulf, from the icy waters of winter and of the Nova
Scotian current, on the one hand, to the summer-heated surface of the western
basin and the warm waters along the outer edge of the offshore banks, on the other;
likewise over the entire range of salinity proper to the open waters of the gulf, except
for the very lowest. It is not possible to draw any close parallel between the abund
ance (or reverse) of Euthemisto and the temperature from the data so far obtained,
but we have never found it abundant in the coldest season, and most of the rich
catches have been made in temperatures warmer than 5°, as appears from the follow
ing list of the readings at and above the levels at which the horizontal parts of the
hauls were made, at several stations productive in large Euthemisto.

General locality Station Date Depth In Temper-
ature Inmeters degrees
---

astern·basln•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••c. 10092 Aug. 11,1913 170 5+

:g~~~~~!~:::=::::=====::=::::=:=:::::::::::::::::=::::::::=::=:::::::==:=::::
10307 Aug. 31,1915 40 7-8+
10229 July 25,1914 80 5-6+
10243 Aug. 11,1914 40 7.5+

rowns Bank..................................................................... 10296 June 24,1915 60 3+
Do•••••••_.................................................................... 10223 July 24,1914 (I) 14.72
Do........................__................, •• ___ •__•__...................... 10223 •••••do........ 60 8.3+

:o~~~~~~~~~£~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~;~~;~~
10216 July 20,1914 50 12+
10219 July 21,1914 40 13
10258 Aug, 25,1914 25 12+
10361 July 24,1916 160 4.8+

_ Shelburne, NovaBeotla......................................................... 10231 July 27,1914 (1) 6.62

G
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The last of these records is especially instructive, because there were very few,
if any, Euthemisto in the icy water below the surface at that station. The autumnal
augmentation of the stock of Euthemisto in the coastal belt of the gulf likewise
takes place in comparatively high temperatures (e. g., 7 to 11° on October 26 and 27,
1915, in Massachusetts Bay, stations 10337 to 10339), and our largest November
catch was on the surface in water of about 10.3° (station 10404). Thus, whether
or not the relation be a causal one (and this is not safe to postulate, in view of the
wide distribution of Euthemisto in northern seas), the maximum abundance of
Euthemisto in the Gulf of Maine coincides with rather high temperature, both in
season and in the depth at which it congregates, corroborating Le Danois's (1921)
observation that off the French coast E. bispinosa is common only in water as warm
as 14°. The adults, however, whether of compressa or of bispinosa, certainly show
no tendency to accumulate in the warmest waters of the gulf, which they could
easily reach by swimming upward for a few meters. On the contrary, when they
have been found in any number on the surface it has been at times and places where
the water was at least no warmer than 15°. Only once have we found large Euthe
misto in any number at a temperature higher than 14°.

For the adult, then, the optimum range of temperature in the Gulf of Maine
is from 4° to about 12°. We have no evidence that any considerable reproduction of
Euthemisto takes place in the gulf in temperatures lower than 5° or higher than 12
to 14°, but the fact that we towed occasional very small specimens in February,
March, and April, 1920, both off Massachusetts Bay, in the western basin, near
Cape Sable, on Browns Bank, and on the southwest part of Georges Bank (stations
20045, 20048, 20050, 20072, and 20104), proves that a certain amount of breeding
takes place in water as cold as 2 to 3°. The larvse, however, are most often abun
dant in considerably warmer water, thanks to the fact that summer is the chief
breeding season, and to their habit of rising to the surface. Here, again, we hesitate
to assume any causal connection between temperature and the depth which they
seek, it being as likely that their tendency to congregate at the warmest level is
due to some quite different cause; such, for example, as the available supply of
food, the density of the water, or the influence of sunlight.

Within the Gulf of Maine Euthemisto is usually most numerous in compara
tively high salinities, say, upwards of 32.5, per mile, and while we have made very rich
catches in water as little saline as 31.6 per mille along the Nova Scotia coast, this is
the lowest salinity in which we have found it in any numbers. Hence, 31.5 per mile
may be set arbitrarily as the lower limit to its common occurrence in the Gulf of
Maine. When the superficial layers of the coastal zone of the gulf are fresher than
this-that is, throughout the period of spring freshets and in early summer-Euthe-'
misto is usually rare there, if not absent; but it would be no surprise to meet excep
tions to this rule, for Euthemisto has been found swarming off the English coast in
water of only 30.26 per mille (Tesch, 1911).

It is questionable whether high salinities ever act as a barrier to the migrations
of Euthemisto in the one direction as low salinities do in the other. It certainly
occurs regularly in water as saline as 35 per mille in the eastern North Atlantic,
and while it is not a characteristic inhabitant of salter seas (the highest salinity
we have actually found it in was about 35.2 per mille (Bigelow, 1915, P: 283) ) it is
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OTHER HYPERIIDS

more likely that constantly high temperature, not high salinity, is its outer barrier
off eastern North America, and bars it from the warmer parts of the Atlantic in
general. Within these wide limits, however, Euthemisto is very tolerant of varying
salinity, both in the western Atlantic and in the eastern.

At times and places where Euthemisto is abundant it probably serves as a valu
able food for pelagic fishes.in the Gulf of Maine, though little information is avail
able. In Irish seas Tattersall (1906) found it forming a very large part of the food
of two of the principal food fishes-herring and mackerel-as well as of the sea
trout, while at times it forms the chief sustenance of the long-finned tuna (Germo
alalunga) off the French coast (Le Danois, 1921). Euthemisto, in .its own turn,
is extremely destructive to copepods and to other small planktonic animals (p. 107).

Before closing the brief account of this genus, I must emphasize our failure
to find even a single specimen of the arctic Euthemisto (E. libellula) within the
limits of the Gulf of Maine. Certainly it does not reach it unless as the rarest of
stragglers.

The two species of Euthemisto are the only hyperiids that are of any numerical
importance in the plankton of the Gulf of Maine. Their relatives, Hyperoche and
Hyperia (similarly boreal in faunistic status), have been taken at several stations
but always in small numbers.

Hyperia

Hyperiais represented locally by two species-galba and medusarum-both of
which usually live commensal with the large medusee Aurelia or Cy'anea. This is
not invariably the case, however, for Hyperia has repeatedly appeared in the catches
of the tow nets at stations where no medusee .were taken or seen-for example, on
German Bank, August 14, 1912 (Bigelow, 1914, p. 103). Associated with their
occasional independence of the medusre we have found one or other species of the
genus widely distributed in the northern half of the gulf, over deep water as well
as shallow, but our nets have never yielded more than four or five specimens of
Hyperia at anyone station. Hyperia medusarum has been taken both in summer
and in winter, but H. galba has so far been taken only in July and August.

In the case of animals as comparatively scarce as Hyperia is in the Gulf of
Maine, captures in tow nets are so largely a matter of accident that they do not give
a reliable picture of the numerical strength of the species in question from season
to season and from place to place. It seems, however, that Hyperia was decidedly
more numerous in 1913, when we found it at some half dozen stations in the gulf
(Bigelow, 1915, p. 279), than in the summer of 1914, when it was not found at all
at the same localities and season (Bigelow, 1917, p. 289), or in 1915, when only odd
individuals were taken during the summer.

Hyperoche

Hyperoche tauriformis 90 has appeared rather more commonly in our tow net
~ngs than has either species of Hyperia, having been taken at 10 stations in the

10In an earlier report (Bigelow, 1916) this amphlpod appears as "H. krol/erl Bovalllus," but recent students of the group
e. g. Tesoh, (lOll) and Tattersall (1006)-agree that while It has passed most often as II krol/ul" or as ..obl/ssorum" Boeck, Its cor
rect designation Is "H. laurl/orml!" Bate and Westwood. This name Is acceptod here for the sake of uniformity, the question
not being or speclfioIdentity but simply of the distribution of the only species of Hyperoohe known to exist In northern seas.
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Parathemisto obl1via

Parathemisto obliviahas been detected twice in our hauls in the open gulf (sta
tions 10032 and 10036, August 16 and 20, 1912) and at three stations off the outer
coast of Nova Scotia (Bigelow, 1917, p. 289), all in late summer. Doctor Huntsman
informs me that it breeds locally under estuarine conditions in the Bay of Fundy
also. This amphipod is far more abundant in North European waters, where it
plays much the same role as does Euthemisto in our gulf and sometimes occurs in
shoals right up to the land (Edward, 1868; Tattersall, 1906; Tesch, 1911).

gulf during August, 1913 (Bigelow, 1915, p. 279). Like Hyperia, it was far less com
mon in 1914, when we took it only once within the gulf limits and occasionally off
tho Nova Scotian coast east of Shelburne (Bigelow, 1917, p. 289); in 1915 it was
taken at several stations, but never more than one or two specimens at any. Judg
ing from the regularity with which it appeared in Massachusetts Bay during the
winter of 1912-1913 (Bigelow, 1914a, p. 410; six out of nine stations, but only
one or two examples on each occasion), Hyperoche is at least as common during
the period from November to February as during the warm months; but it has not
been detected at all at any of the stations occupied in late February, March, April,
or May, suggesting that it becomes very rare in the gulf, if it does not entirely
vanish thence, when the water is at its coldest for the year.

Our captures of Hyperoche in' the Gulf have all been near shore, for the most
part within the 100-meter contour (Bigelow, 1915, p. 284), but the numbers of
specimens concerned are too small to throw any light on its bathymetric distribu
tion or on the relationship which its occurrence bears to the physical state of the
waters of the gulf.

Oceanic hyperllds
Our stations along the continental slope have occasionally yielded oceanic and

warm-water hyperiids in some numbers, but it is only on the rarest occasions that
any of them encroach more than a few miles on to the shelf within the limits of the
gulf, nor are any of them known from within Georges and Browns Banks (p. 56).
For the sake of completeness, such records as have been obtained within the geo
graphic limits of the present study since 1912 are listed below 91 (for earlier records
for New England waters, see Holmes, 1905). '

Date and stations

Species July and August, 1914 ~
June to Au- February to May, 1920

July, gust, 1915
1913,·
10061

2012910218 10219 10220 10200 10261 10296 10333 20044 20045 20076

-----------.------------
Oxycepbalus sp __u •• __..u ........uu ---~-_.. 3 ·.. ··2· ------- .-- ..--- --- ..--- - .... _.._- ---... --- ---........ -------
Phronlma sedentarla.u................ - .......... - 4 1 -- ...... _- 1 ------- -----.... ------- ._----- ---...._.. .---_....
Phronlma atlantica...............u •.• ------- X 1 ------- 1 ------- ···x··· "·X·" "'X'" "'X'" '"X''' '''X''Phronlma sp ........................... ....... _-- ._-..--- _ ...... _ .. oo _..-.._-- ---..---
Phroslna semilunata.............u.u. ------- X ------- ------- _..--- ... ------- -~~--~~

~_8_ .. __ ._-_..- _"-8.8 _ _.- ...._. _8_" __ "

PhronimeJla elongate................... 3 ~ __ 8 __ 8

• __ "_8_ _88_88_ .._...... -- 8_8 __ 8_ .. _8_8,,_ ...... _- .... ........ _.... ............ -_._ ......
VibllIa sp ..................c........... 1 2 • __ ,,_8_ -_.--... -- .... _... --- ...._- • __ 8. __ .._----- .._--_.~ ..----_. .... - ..... - . .....---

• For records between the latitudes or New York and Chesapeake Bay during that summer see Bigelow, 1915, p. 279.
~ Previously listed In Bigelow, 1917,p. 289.

II For descriptions and an account or the general distribution or these hyperllds on the high peas see Bo valJlus, 1887to 1899.
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The distribution of these and of other warm-water planktonic animals is dis
cussed in a preceding chapter (p. 53).

COPEPODS

Except in certain restricted localities, or for brief periods when some other
animal swarms, the animal plankton of the Gulf of Maine consists chiefly of copepods
at all seasons. The seasonal fluctuations of the group as a whole are touched on
above. The following chapter gives brief discussions of most of the species so far
detected in the plankton of the open gulf. or at St. Andrews (Doctor McMurrich's
lists, p. 12). The great majority are forms that are not only typically pelagic but
Widespread in northern seas; but at St. Andrews, where strong tides stir the water
from bottom to top,sundry dwellers in the littoral zone are brought up to or near
the surface, and probably this takes place more or less in estuarine situations all
around the shore line of the gulf. Samples of the copepods collected in 1912, 1913,
and 1914. were identified by Dr, C. O. Esterly, and lists for those years have been
published elsewhere (Bigelow, 1914, p. 115; 1914a, p. 409; 1915, p. 287; 1917,
p. 290). It is not necessary to repeat them here. Only a preliminary survey has
been made of the copepods towed by the Grampus in 1916 (Bigelow, 1922), but
Dr. C. B. Wilson has supplied listsfor the vertical hauls made in 1915 and the spring
of 1920 and for the horizontals for the winter of 1920-21, which are tabulated
below (p. 297). Doctor McMurrich's manuscript lists of plankton for St. Andrews,
New Brunswick, have been especially instructive for the seasonal periodicity of
the copepods.

Previous to the inception of the Grampus cruises in 1912, almost no attention
had been paid to the copepods of the Gulf of Maine, the only published data for
that precise region being a few notes on species from Plymouth Harbor, Mass.
(Wheeler, 1901). Subsequently Willey (1919, 1920, and 1921) has given some
notes on the copepods of the St. Andrews region in the Bay of Fundy. The Copepoda
of southern New England have been studied by Wheeler (1901), Williams (1906
and 1907), Sharpe (1911), and Fish (1925); those of the outer coasts of Nova Scotia
and of the Gulf of St. Lawrence by Herdman, Thompson, and Scott (1898), by T.
Scott (1905), and by Willey (1919), whose lists of the species collected by the Cana
dian fisheries expedition of 1915 are referred to repeatedly in the following accounts
of the several species.

All living copepods are small-the largest up to 10 to 11 millimeters, the smallest
less than 1 millimeter in length. The commonest Gulf of Maine species (Galanus
finmarchicus) is about 2 to 5 millimeters long when adult. They are present in such
immense numbers in the plankton, and they reproduce so rapidly, that they are the
most important of all pelagic invertebrates from the economic viewpoint, furnishing
the primary food for the young of most marine fishes until these attain considerable
siZe, as well as for many of the larger planktonic animals of various groups. Copepods
are the major article in the diet of the adults of such plankton-feeding species as the
mackerel and all the herring tribe. This aspect of copepod economy is touched
on in another chapter (p. 97). I need only emphasize here that evidence is con
stantly accumulating to prove that the fertility of any part of the. northern seas in
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commercial fishes depends very largely on the stock of copepods. As Dr. C. B.
Wilson writes, it is not too much to say that tI their presence and abundance
count as much for the higher animal life in the ocean as does that of nitrates in the

soil or carbon dioxide in the air for plant life upon the land," for they are the chief
intermediary through which the elemental foodstuffs elaborated by the marine
plants on which the copepods feed are made available for the support of the larger
marine animals that feed on them.

Oopepods are the only animal group that has been systematically counted in the
catches of the vertical nets in the Gulf of Maine; and while the numerical calculations
include so many indeterminate sources of error that they can be taken only in a
general way, they have [proved undeniably instructive in tracing the seasonal perio
dicity and relative regional abundance of several of the more common species. I
must emphasize, however, that the counts given are only a rough indication of the
relative abundance or scarcity of the several species, and that the tI probable error"
(unknown) may amount to as much as 80 to 100 per cent in extreme cases. (For a
discussion of the allowance that must be made on this account see Johnstone, Scott,
and Chadwick, 1924, p. 180.)

For the group as a whole the numbers present per square meter have varied
from next to none at occasional stations in the coastwise zone during the early spring,
when diatoms are flowering and copepods are scarcest (p. 39), to upwards of 500,000
in May, when Oalanusfinmarchicus is swarming (e. g., station 10266, May 4, 1915).
Oopepods are at their lowest ebb in the gulf in February and March, when the maxi
mum per square meter at any station within the edge of the continent in 1920 was
37,500 (station 20049, in the western basin), the minimum 55, in the inner part of
Massachusetts Bay, and the average about 6,600. Generally speaking, at this season
there are more copepods under any given area of the sea surface in the deeper parts
of the gulf than in the shoal, the numbers caught being roughly proportional to the
amount ofwater strained by the net in its journey from the bottom up to the surface.
Thanks to a swarm of Calanus (p. 189), there were more copepods outside the south
eastern edge of Georges Bank than anywhere within the gulf.

In April, 1920, the average within the continental waters of the gulf was about
twice as large (13,300) as it had been in March, the maximum more than three times
(130,000 in the northern channel), and the minimum had risen from 55 to 900.

In another chapter (p. 41) I have commented on the tremendous augmentation
of copepods which takes place in May and for which the vernal wave of reproduction
of Oalanus finmarchdcu« is chiefly responsible. In 1920 this was hardly under way
by the middle of the month, but in 1915 it had raised the average number of copepods
over the inner parts of the gulf to upwards of 140,000 by the 4th to the 14th (stations
10266 to 10278), with maxima of 511,000 off Cape Ann on the 4th and 411,500 in the
eastern side of the basin on the 6th.

Fewer copepods were taken in June, the average being only about 23,000 per
square meter. The fact that the vernal reproductive activity commences later
in the northeastern and eastern shallows of the gulf, where most of the June stations
were located, than in its western side is chiefly responsible for this apparent shrinkage;
but with only about one-seventh as many copepods in the eastern basin on June 19,
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1915 (station 10288) as at a near-by location (station 10270) on May 6, it seems that
the swarm resulting from this local center of active reproduction had dispersed in the
interim. Unfortunately no vertical hauls were made later than June in the summer of
1915,but in July and August, 1914, the average number of copepods per square meter
for the gulf, as a whole, inside the continental edge but including the offshore banks,
was between 72,000 and 73,000 (see Bigelow, 1917, p. 315, for table of counts)-i. e.,
something less than half the May average for 1915, with a maximum of 227,000 in the

. northern channel and a minimum of 6,000 on the northern edge of Georges Bank
at this time.

Copepods were then most numerous per square meter (70,000+) in four distinct
regions as follows: (1) Over a v-shaped area, with one arm extending from Cape Cod

FIG. 57.-Number of copspods per square meter of sea area, July and August, 1914, as calculated from the catches of the
vertical hauls. I, scanty (less than 20,000); 2, intermediate (20.000 to 70,000): 4. rich (70.000 to 150.000): 6. very rieh
(150.000 or more). Reproduced from Bigelow. 1917. tlg. 94.

toward Penobscot Bay, the other to the eastern part of Georges Bank; (2) off Cape
Sable; (3) in the extreme northeast corner of the basin of the gulf; and (4) south
of Marthas Vineyard. (fig. 57). The maxima were off Cape Cod, off Cape Sable,
and in the northern channel (stations 10213,10243, and 10229; Bigelow, 1917, p. 316).
On the other hand, we have found very few copepods in the coastal zone in the ex
treme northeast corner of the gulf, in the southeastern part of the basin, in the eastern
channel, or in the oceanic water outside the edge of the continent during the summer.
The distribution of copepods on the basis of numbers per cubic meter has paralleled
this, except that the region northeast of Cape Cod was shown to be relatively less
productive by this than by the other calculation in July, 1914. The numbers per
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square and cubic meter for that summer and for the season of 1915 are tabulated in
an earlier report (Bigelow, 1917, pp. 315 and 319). September stations for 1915
yielded an average of about 65,000 copepods per square meter in the northern half
of the gulf-no noticeable change, that is, from the midsummer state-but the fact
that the maximum (173,000) was considerably less and the minimum (14,700) con
siderably greater is interesting as evidence that copepods tend to become progres
sively more and more nearly equalized in number over the gulf as the season advances.

In the earlier chapter I have pointed out that we have observed an autumnal.
increase in the amount of plankton present in the western and northwestern parts
of the gulf (p. 87). In 1915 this was due to a multiplication of copepodsfrom the
September average just given to an average of about 107,000 per square meter at
ten stations for the month of October (stations 10323 to 10329 and 10336 to 10339;
table, p. 297). As evidence that this multiplication was due to increased local repro
duction we found upwards of 200,000 off Cape Cod (station 10336) and in Massa
chusetts Bay (station 10338) on the 26th and 27th.

Unfortunately no vertical hauls have been made in the gulf in November,
December, or January. It is therefore impossible to follow numerically the gradual
decimation of the local stock of copepods which takes place during the winter (p. 88),
leading to the sparse copepod population of early spring (p. 82).

Outside the continental edge the numbers of copepods have invariably been small,
except for the one Calanus swarm of March just mentioned, the origin of which is
discussed under that species.

The pelagic copepods are perhaps the most truly planktonic of all animals, for
although some of them dart actively through the water, and all swim more or less
vigorously, they are utterly at the mercy of the current so far as directive journeyings
from place to place are concerned. Most of the copepods of the Gulf of Maine are
eupelagio ocean forms, floating at various depths beneath the surface of the water by
means of their elongated first antennee, The two species of Acartia (clausi and
Zongiremis), the two species of Oalanus tfimmardvicu« and hyperboreus), the two species
of Metridia (Zonga and Zucens), and Pseudocalamus eZongatus, which together constitute
80 per cent of the copepod plankton of the gulf, all belong to this class.

The scope of the present paper being ecologic and geographic, not systematic, the
copepods are arranged alphabetically here, the list of species, the distribution of which
is discussed, being as follows. Those starred are only accidental in the plankton.
For supplemental notes on a few other rare species detected by Dr. C. B. Wilson after
the body of the report was ready for the press see p. 305.
Acartia olausi, Centropages hamatus,
Acartia longiremis. Centropages typicus.
Acartia tonsa, *Dactylopusia thisboides.
Aetidius armatus. Dwightia·gracilis.
Anomalocera pattersoni. *Ectinosoma neglectum.
Asterocheres boecki. Eucalanus attenuatus.
Calanus finmarchicus. Eucalanus elongatus.
Calanus hyperboreus. Euchrota media.
Candacia armata. Euchrota norvegica.
Centropages bradyi. Euchirella rostrata.



Eurytemora herdmani,
Gaidius tenuispinis.
Halithalestris croni.
*Harpacticus litoralis.
*HarpacticuB uniremis,
Heterorhabdus spinifrons.
*Idya. furcata. .
Labidocera restiva.
Lucicutia grandis.
Metis ignea.
Mecynocera clausi,
Metridia longa,
Metridia lucens.
Monstrilla serricornis.
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Oithona similis.
*Parathalestris •jacksoni,
Phyllopusbidentatus.
Pleuromamma (genus).
Pseudocalanus elongatus.
Rhinoalanus cornutus.
Rhincalanus nasutus.
Scolecithricella minor.
Temora longicornis,
Tortanus diseaudatus..
'Undeuchaeta major.
Undeuchaeta minor.
*Zaus abbreviatus.
*Zaus spinatus.

17J

Acartia clausi Giesbrecht

This species has a more southerly distribution than A.longiremis, ranging widely
on both sidesof the temperate North Atlantic, southward from western Norway on
the one side and from the St. Lawrence River on the other; but it was not found in
any of. the samples of Arctic plankton examined by Sars (1900) and at only one station
north of the Arctic Circle in the collection of the Canadian Arctic expedition (Willey,
1920). In general, it may be described as neritic, as opposed .to oceanic, for although
it is widely distributed in the oceanic areas of the North Atlantic, European students
have found it most plentiful in coastal waters such as the Irish and English Channels
and the southern parts of the North Sea. It is found plentifully in water as little
saline as 18.42 per mille, but salinities much lower than this apparently bar it (Farran,
1910). Willey (1920) has characterized it as more of an estuarine form than A.
longiremis, but the distribution outlined below for the Gulf of Maine shows that this
can hardly be laid down as a general rule. Steuer (1923) has recently charted its
distribution in the Eastern Atlantic and generally.

In a continuous collection of plankton from Liverpool to Quebec, made by Sir
Wm. Herdman in 1897, it disappeared at longitude 38° 6' W. and did not reappear
until the ship was well up the St. Lawrence River (Herdman, Thcmpaon, and Scott,
1898). T. Scott (1905) reports it from the Gulf of St. Lawrence,but Willey (1919)
did not find it among the many samples which he reported on thence, and if not
Wholly wanting it is at least so rare over the continental shelf off Nova Scotia and
south of Newfoundland that the Canadian fisheries expedition took it at only one
station-this, curiously enough, the outermost on the line off Cape Sable (Willey,
1919).

It was not detected among the collections made by the Grampus between Cape
Cod and Chesapeake Bay in 1913 or in 1916, though its relative A. tonsa swarmed
locally off Delaware Bay during August of the latter year (Bigelow, 1922, p. 146).
Neither did Wheeler (1901) nor Sharpe (1911) find it at Woods Hole, where A. tonsa
is one of the commonest of copepods. It is not uncommon there during some winters,
for Fish (1925, fig. 46) found it regularly from October, 1922, to February, 1923.
It does not appear in Fowler's (1912) list of Rhode Island copepods, but Williams
(1906 and 1907) describes it as abundant in, Narragansett Bay in January and
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February, and Dr. C. B. Wilson contributes the statement that in and around
Chesapeake Bay A. clausi is more abundant than A.longiremis.

The earlier cruises in the Gulf of Maine gave no grounds for supposing that :A
clausi was ever plentiful there, Esterly having detected it at one station only (Glou
cester Harbor) in the towings taken during the summer of 1912, and not at all for
July and August, 1913 or 1914, nor for the winter of 1912-13 (Bigelow, 1914, 1914a,
1915, and 1917). Willey (1919), however, reported it from Passamaquoddy Bay in
August, 1915, and on January 16, 1920, he found that adults and juveniles of A.
clausi formed 68 per cent of the total catch of copepods there (Willey, 1921). Dr.
C. B. Wilson has detected it in so many of the Gulf of Maine towings made during the
summer of 1915 (fig. 59), the spring of 1920 (fig. 58), and the winter of 1920-21, that
it was certainly widespread and locally abundant in the gulf during those years at
least.

The counts tabulated here may be considered from two aspects-a, the relative
importance of A. clausi in the copepod community, and b, its absolute abundance.
It constituted 0-15 per cent of a comparatively scanty copepod plankton during
December, 1920, and January, 1921, but was so nearly universal in the inner parts
of the gulf that it occurred at 85 per cent of the stations. In February, 1920, how
ever, it was not taken at all, either in the surface or in the vertical hauls, at the few
stations occupied in the southwest deep and on Georges Bank during that month.
It is probably at its minimum in early spring, because it averaged only 41 specimens
per square meter inshore of the 100-meter contour, and 47 in the deeper parts of the
gulf, in March, 1920, occurring in 15 of the 35 hauls. In April, however, it was
detected in 25 of the 30 vertical hauls, having risen, on the average, to 10 per cent
of the total catches of copepods and in absolute abundance to an average of 2,390
individuals per square meter within the 100-meter contour, 180 in the deeps. In
May it occurred in all the vertical hauls,both in 1915 and in 1920, averaging 6 to 9
per cent of the total copepods, with an average of 2,787 per square meter in shoal
water in 1920, and 7,857 in shoal and 8,469 in deep water in 1915. The augmenta
tion which takes place in its numbers during the spring is further illustrated by
counts of the numbers taken at pairs of stations in the western part of the gulf in
February and March and again in May of 1920, as follows:

Number of
Number of specimens

Locality Date Station specimens per square
in surface meter in

tow vertical
tow

Southwest part of Georges Bank•••. h ......... __ .. ____ • ______ ....... _____ .. __ ••••• Feb. 22 20046 0 0
May 17 20128 60 1,~Southwest corner of basin ...... __ ...... ___ •_____ . ___ . __ . __ .. ____ ............__ .. __ . Feb. 23 20048 0
May 17 20127 162 1,43bOII Gloucester .•. __ .............. __ .... __ .. __ ....... ___ ..... h •• h ......... __ .h... Mar. 1 20050 115
May 4 20120 1,750 5,500

In 1915it continued universal in June, averaging 14 percent of the total copepods
in the vertical hauls and 45 to 50 per cent at two of the stations, but its absolute
abundance was somewhat less (averaging about 4,000 per square meter in shoal water
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and 1,600 in deep). There are no vertical-net collections for July, 1915, and the
normal summer status of A. cZausi in the Gulf of Maine can not be stated from the
other data at hand. In 1915 it varied in abundance from about 500 to upwards of
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........../ ...•/ ....:
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FIG.68.-0ccurrence of the copepod Acartla claud during the spring of 1920. X, locality records for February and Marcb;
•• locallty records for April and May. The hatched curve Incloses the area where It occurred In March

10,000 per square meter at three stations in August, but was not detected at all at
sea during this month in the three previous years, which I take to mean that it
passes through a summer minimum succeeding the late spring maximum. In Sep-
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tember, 1915, it proved more abundant, both absolutely (on the average about
7,000 per square meter inside 100 meters and 11,000 outside) and relatively (an
average of.20.5 per cent of the vertical catch of copepods), than at any time from
December to August, and the average numbers per square meter rose, respectively,
to 9,693 and 11,205 92 in October of that year, when it occurred at 88 per cent of the
stations, though it constituted only about 11.5 per cent of the total copepods caught in
the vertical net during the month.

The two maxima suggest two breeding seasons for A. clausi in the gulf-one in
early spring and the other in late summer-each followed by a well-marked increase
in the actual abundance of the species, as measured both by the number of specimens
existing per square meter of sea surface and by the percentage of the total copepod
population which it constitutes. Probably it does not breed to any extent in the
gulf during the autumn or winter. A. clausi is likewise at its minimum during
winter in north European waters and most abundant during the warm months. In
the southern part of the North Sea its minimum falls in February and its maximum
in August (Farran, 1910). It is to be noted that the seasonal distribution of A.
clausi in the gulf shows it to be endemic there, not an immigrant, propagating in
spring in the centers where some few have persisted through the unfavorable winter
season and extending its area of reproduction as its spreads far and wide with the
increase in its numbers.

Regional distribution.-In February and March, 1920, it occurred sparingly on
the eastern part of Georges Bank, on Browns and German Banks, off Machias, off
the mouth of the Merrimac River, near Gloucester, and off Cape Cod, but at only
3 stations in the basin of the gulf, all in the southeastern part (fig. 58). Thus, at
the season when it is at its miminum it persists in small numbers here and there
throughout the shoal zone but disappears from most parts of the basin. By April,
with the increase in its numbers just noted (p. 172), it had become sufficiently dis
persed over the basin to be taken at most of the deep stations in one or other net;
but it still continued most abundant over a zone running offshore from the neigh
borhood of Cape Sable out across Browns Bank to the Eastern Channel and to the
eastern part of Georges Bank, with secondary centers of abundance along western
Nova Scotia, off Cape Cod, and off Cape Elizabeth, just as was the case in March.

By May and June of 1915 we found A. clauei so generally distributed over the
eastern, northern, and western parts of the gulf (in numbers ranging from 1,400 to
25,000 per square meter) that no separation into" rich" and" poor" areas is possible,
except that it seems to have been scarce in the neighborhood of Mount Desert
Island. Curiously enough, this was also the case on Browns Bank, which was one
of its chief centers of abundance in April, 1920. Probably it is equally universal on
Georges Bank during these months, judging from its presence at all the stations on
the line from Cape Cod out across the western end of the bank on May 16 and 17,
1920; but there were only about. 200 per square meter at the outermost station,
just outside the continental edge (Station 20129), contrasted with about 14,000 at
the station on the bank (Station 20128), suggesting that this was about its offshore
boundary, which accords with its neritic nature.

" The counts of eopepods for 1915, on which these ~cuIatlons are based. are given In Bigelow, 1917. p, 319.
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A. clausi continued universal over the northern and western parts of the gulf
during November and October, 1915 (this, as just remarked, being its season of
maximum abundance), and across the whole breadth of the continental shelf off
Marthas Vineyard, varying in abundance from 6,000 to upwards of 40,000 speci
mens per square meter of sea area at most of the stations. Nor do our records for
the midwinter cruise of 1920-1921 suggest any shrinkage in its range during the
later autumn, for it occurred at nearly all the stations during that December and
January. But if the picture presented by the early spring hauls of 1920 be normal,
A. clausi must disappear from the basin of .the gulf later in the winter as its numbers
decline.

A. clausi has always averaged a larger percentage of the total copepod popula
tion in the coastwise belt of the gulf and over the offshore banks than in the deeper
parts. In 1920 it formed 10 to 20 per cent of the copepod catch in the vertical hauls
at most of the stations on the eastern part of Georges Bank, on Browns Bank, in
the Cape Cod-Massachusetts Bay region, off Cape Elizabeth, and along western
Nova Scotia from February to May, but usually less than 5 per cent at the stations
In the deeper basin and channels where it occurred. From June to October in 1915,
the area in which A. clausi usually constituted 10 per cent or more of the copepods
Was continuous around the whole periphery of the gulf and around Cape Cod and
Nantucket to the westward (fig. 59). In December, 1920, and January, 1921, it
~mounted to less than 10 per cent at all but one of the stations. Thus, this species
IS only of minor importance in the general planktonic community in the more oceanic
parts of the gulf and negligible outside the continental edge in the open Atlantic,
but in shoal waters, both inshore and on the banks, it is usually an important factor
and may locally equal as much as half the total catch of copepods of all kinds.

Vertical distribution.-The hauls have not been adapted to show the vertical
distribution of A. clausi, and the fact that all but one of the percentages of 30 or
Inore were in hauls shoaler than 75 meters can not be taken as meaning a concentra
tion of this species in the upper water layers because associated with the fact that
the species is most plentiful in the shoal zone. On the whole, however, A. clausi
Was a slightly larger element in the copepod, community on the surface than in the
vertical hauls during the spring of 1920 (March, 13 per cent; April, 15.5 per cent;
and May, 14 per cent, on the average); and on two occasions-that is, Eastern
Channel, March 17 (station 20073), and off the northern slope of Georges Bank,
March 10 (station 20063)-we found them congregated so close to the top of the
Water that each of the surface hauls yielded about 1,200 specimens, whereas the
vertical hauls to-ok none in the one case and only 3 in the other. On the other hand,
A. clausi has repeatedly proved more plentiful at some deeper level than on the sur
face, of which the following cases are typical:

--- Number
per Numbersquare taken InLocality Date Station meter surfacefrom haulvertical
haul- ---

i};~~l~~~~ ~~~~~~ ~ ~ ~~ ~ ~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~ ~
Mar. 3,1920 20053 600 0
Apr. 9,1920 20091 1,125 31
Apr. 12,1920 20100 475 0
Apr. 16,1920 20106 3,000 2

Wastern ~art of GeorgesBank....u·u................ • .......................... __ .••••do.u.... 2010S 21,262 225
3stern asln.................................................................... Apr. 18,1920 20115 800 0

75808-26-12
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It is to be noted that this has been observed in the shoal water of the banks as
well as in deep water, A., clausi has seldom been found plentiful enough in the Gulf
of Maine to suggest that it is ever important there as a food supply for larger ani-
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mals. This is likewise true of it, as a rule, in north European seas, though it has
been recorded there among the stomach contents of various fishes; but as Farran
(1903, 1910, and 1911) reports it as taken throughout the year on the mackerel-
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fishery -grounds off Ireland, most commonly in autumn, it may prove a more im
portant ingredient in the food of the European mackerel than it is ever likely to
be off the seaboard of eastern North America.

Acartia longiremls Ll11j eborg

This species is of minor importance in the Gulf of Maine but is recorded suffi
ciently often to deserve brief mention. In the Atlantic A. Zongiremis ranges from the
polar basin on the north, where it has been taken at many localities both on the
European side and along the Arctic coast of Canada (Willey, 1921), to the Mediter
ranean on the one side and southward to Chesapeake Bay on the other. It is also
reported from the Gulf of Suez. Its distribution, in general, has recently been charted
by Steuer (1923).

,It has usually been described as more or less neritic, though less so than A. clausi.
According to Farran (1910 and 1911) it is mainly a littoral form in the more southern
parts of its range, though often found in the open sea off Norway. Herdman,
Thompson, and Scott (1898) record it regularly in the Gulf of St. Lawrence, out to
the Straits of Belle Isle, and again between longitude 31 0 40' W. and the British
coastal waters, but not at all in the intervening zone. It was not found at Woods
Hole either by Wheeler (1901) or by Sharpe (1911), nor was it found in Rhode Island
waters by Williams (1906 and 1907) or off New Jersey by Fowler (1912). Probably,
however, it is to be expected all along southern New England, for Fish (1925) found
it at Woods Hole from January to May, while Dr. C. B. Wilson contributes the
statement that it occurs in and about Chesapeake Bay, though less abundantly than
A.. clausi.

The only previous records for A. longiremis in the Gulf of Maine are as fol
lows: Station 10020 (about 4 per cent of the copepods), Gloucester Harbor, and
6 miles off Cape Porpoise (2 per cent of the copepods) during the summer of 1912;
station 10251, off Cape Elizabeth, August 14, 1914 (especially interesting because
upwards of 90 per cent of the hundreds of copepods taken in the surface net were
adults and juveniles of A. longiremis}93; and Passamaquoddy Bay, January 16,1920,
When A. longiremis (adult and young) constituted 13 per cent of the copepods taken
(Willey, 1921).

During the cruises of 1915 and 1920 this species proved much less plentiful and
less generally distributed in the gulf than A. cZausi, its status in the gulf differing
widely from year to year. In 1920 it was not detected at all in February. In March
(fig.60) it occurred at 38 per cent of the stations, confined to four distinct regions:
(1) the coastal zone from Cape Cod to Cape Elizabeth, (2) the eastern part of Georges
Bank and the deep water to the north, (3) Browns Bank, and (4) the shallows off
Western Nova Scotia out to German Bank. In every case the number of specimens
taken was trifling, the highest frequency in the vertical hauls being only 95 per square
Ineter of sea surface. The scarcity of this species during March appears also from
its percentage in the total copepod catch (0-30 per cent; average 2% per cent).

" Identl1ledby Dr. C. O. Esterly.
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During April it became so scarce in the Massachusetts Bay region and over the
northwestern part of the gulf generally that it did not appear there in the catches
of the vertical nets, although the surface tows picked up a few at the localities marked
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on the chart (fig, 61) i but, by contrast, it had spread generally over the whole eastern
side of the gulf, with a rather definite line of demarcation between the areas where it
did and did no t occur in sufficient numberfor the vertical net to take it (fig, 61), but
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not to the deep water off the southeastern slope of Georges Bank. The numerical fre
quency of A.longiremislikewise rose by April to a maximum of 2,800 per square meter
off Cape Cod, 1,300 per square meter in the northern channel, and 863 per square
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tneter north of Georges Bank, though on, the average it was still only about,2U per
cent of the totalcopepode (0-14 per cent). In 1920 it.reappeared in Massachusette
Bay in May, when it occurredat all the stations there and along the 1ine,f~omCape
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Cod out across the western end of Georges Bank, with frequencies of from less than
10 to nearly 3,000 specimens per square meter, averaging 372 per cent of the copepods
taken in these vertical hauls. In the year 1915 it was not detected anywhere in the
gulf in Mayor during the first three weeks of June, though vertical hauls were made
at 20 stations during that period, but on June 26 (station 20099) it was taken at the
rate of 430 per square meter in the western basin, and it figures in the lists (p. 298) for
two August stations. In September it occurred in all the vertical hauls in the coastal
zone from Cape Cod northward and eastward toward the mouth of the Bay of Fundy,
as well as on German Bank (80 per cent of all the stations for the month), averaging
4,490 per square meter where the vertical net took it.

During the first half of October, 1915, it continued universal along the coastal
zone from off Cape Cod to the neighborhood of Mount Desert Island (six stations),
varying in abundance from 1,140 to 14,225 per square meter (average about 5,600).
It also occurred in two out of three vertical hauls over the shelf south of Marthas
Vineyard on the 22d (stations 10332 and 10333), frequencies of about 6,000 and
4,000 square meters. By the last week of the month it seems that it had vanished
from the Massachusetts Bay region, for not a single specimen was detected at
four stations there; but this can not be interpreted as a regular seasonal change,
because it was taken at all the stations within 15 to 20 miles of land, from off Cape
Cod to the mouth of the Bay of Fundy during December, 1920, and January, 1921,
averaging about 5.5 per cent of the copepods and 10 to 15 per cent of the extremely
sparse community at the mouth of Massachusetts Bay and off the Isles of Shoals
(stations 10489 and 10493), though not found at any of the four stations farther
out in the basin.

It is not clear from the data just outlined whether A. Zongiremis has two sea
sonal maxima in the gulf, one in late spring, another (much more pronounced) in
early autumn, separated by a period of a month or more during which it nearly
or quite disappears, as the records for the two years 1915 and 1920. suggest; or
whether it followed different seasonal cycles during the two years, multiplying from
April on in 1920, but not appearing at all until June in 1915. In either case it
dearly attains its maximum abundance in the gulf during the warm half of the year.
It is never more than a minor factor in the plankton except when all other species
of copepods are very scarce, and never occurs in numbers that would be called large
for other more important copepods, 14,265 per square meter being the highest
frequency yet recorded for it east or north of Nantucket. A. Zongiremis, like A.
dausi, contracts its range to the shoaler waters of the gulf during the cold half of the
year, including the offshore banks as well as the coastal zone. When its numbers
increase, its area of occurrence spreads out over the deep basin of the gulf, but we
have not taken it outside the continental edge.

That A. Zongiremis is endemic in the gulf is proved by the presence of numerous
juveniles, together with adults, at the one August station already mentioned (p.
177). This, however, does not forbid the possibility .that its numbers are recruited
by immigration as well as by local propagation. On the average, A. Zongiremis
was relatively more important in the catches at the surface than in the vertical
hauls in Marchand April, though not in May, as appears in the following table of
its percentage in 1920, counting only the stations at which it occurred: .
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In several instances the greater percentage on· the surface was the result of a
definite concentration there, proved by the capture of hundreds of specimens in the
surface net at several stations where A.. Zongiremis was so scarce deeper down that
the vertical net missed it altogether-for instance, off the Isles of Shoals on March
5 (station 20061); off the northern edge of Georges Bank, March 11 (station 20063);
on its eastern edge and southern slope, April 16 (stations 20108 and 20109); and,
notably, on March 23, off Yarmouth, Nova Scotia (station 20083), where the richest
surface catch of all was made (711 specimens). At a rather larger number of localities
the yield of the vertical nets was considerable, where few or none were taken on the
surface, as shown in the following table:
-

Number
per Number

Locality Date Hour Station square tnken In
meter In surface
vertical hauls
hauls

- ---
~~~h~~ug~~~~~i~::=== =::.:======.:==.;.:=.:=====: =.;===.:=========

Apr. 12,1920 1p.m -- 20009 280 0
Apr. 15,1920 lOp.m 20105 1,300 53Browns Bank _________ •• ___ •_____ ••• _••_••• _.__ .•••c. h" ____ ••••••••. Apr. 16,1920 1a.m •••• 20106 240 2Deep water north of Georges Bank. _____ h __________________ ... " ___ • Apr. 17,1920 7 a. m '''' 20112 863 0

~fles8:;;eb~~:==:::::::::::::::::::::::: :::::::::::= ::::::==:::=:=::= Rf,r. 18,1920 48. m •___ 20115 800 0
. ay 16,1920 Up.m 20125 470 0outhwest part 01basln___ .' __________ ... ______ .. _.. ____ ...______ . _h. ;,{ay 17,1920 8a.m

~-- - 20127 1,437 27
- I

The most that can be said from this is that at times A. Zongiremis tends to gather
'at the surface, both in spring and in midsummer, but that on other occasions it keeps
.at least a few fathoms down. The hauls here listed give no evidence of diurnal
migrations, for the richer surface catches were more often between 9a. m. and 5 p. m.
than at night, and, on the other hand, several of the hauls in which it most predomi
nated in deeper levels were between sunset and sunrise.

A.. Zongiremis has been found over a very wide range of salinity, being common
in water as brackish as 6.72 per mille in the Baltic and as salt as 35.32 per mille in
.the English Channel. In the Gulf of Maine it occurs.well within these limits. It is
likewise eurythermal over a wide range of temperature, being present in the. gulf
.indifferently in water as warm as 16° and as cold as 0.3° to 2°. The physical limits
within which it reproduces locally have not been determined, but the presence of
juveniles in August (p, 177)proves that reproduction takes place successfully in summer
temperatures, probably upwards of 10 to 12°.

Acartla tonsa Dana

This species was originally described from Port Jackson, Australia, and was
'reported by Giesbrecht (1892) from the west coast of South America, and from the
Malayan Archipelago by Cleve (1901). On the one side of the North American
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continent it occurs in numbers at San Diego, Calif., in the bays, but rather infre
quentlyoutside (Esterly, 1905). On the other, it is reported from the Gulf coast of
Louisiana (Foster, 1904), and is a dominant copepod in sheltered inlets and brackish
ponds at Woods Hole. It is abundant, also, in the open water in that neighborhood,
and recorded from the Gulf .Stream off Marthas Vineyard (Wheeler, 1901; Sharpe,
1911). Cape Cod seems the northerly boundary to its presence in numbers, for
although Wheeler (1901) reports it from Plymouth Harbor on the southern shore of
Massachusetts Bay (this is the only gulf of Maine record), none of the Grampus,
Albatross, or Halcyon gatherings in the gulf have contained it. McMurrich did not
detect it at St. Andrews, nor has it been found in Canadian waters farther east or
north.

Aetid1us armatus Brady

Dr. C. B. Wilson contributes the following on the faunistic status of Ae. armatus:

This species is quite cosmopolitan and has a wide distribution throughout the northern Atlantic,
Pacific, and Indian Oceans. It is widely distributed in the northern fauna, but nowhere occurs in
any numbers. Farran (1910) has reported it as a characteristic inhabitant of the lower layers of
the northeast Atlantic off the coast of Ireland and Scotland. Carl With (1915), in his report on
the copepods of the Danish Ingolf expedition, said that it was found in deep water, probably as a
member of the Atlantic fauna, in the Iceland-Faroe channel, Denmark, and Davis Straits. It has
also been taken in the North Sea and in several of the Norwegian fjords, and was included in the
list published by Esterly (1905) of copepods found in the San Diego region off the coast of southern
California.

In the summer of 1915 the Canadian fisheries expedition took it in small num
bers in the deep oceanic triangle off the mouth of the Laurentian channel, between the
Scotian and Newfoundland Banks (two stations), and outside the continental edge
off Cape Sable (Willey, 1919).

It has not been recorded previously from the Gulf of Maine, but the spring,
summer, and autumn cruises of 1915 and of 1920 yielded odd specimens of it at eight
stations-one for March, three for April, two for May, one for August, and one for
October. It has not been reported at Woodil Hole.

Although this species is evidently only a rare stray in the Gulf of Maine (at most
it amounted to 1 per cent of the copepods, with a maximum frequency of 87 individ
uals per square meter of sea area) the locations of the captures are of interest, all being
either in the peripheral belt of the gulf, with a preponderance in its eastern side, or
over the continental edge. A distribution of this sort (fig. 62), which parallels the
dominant counterclockwise eddy of the gulf, indicates that the species is an immi
grant in the gulf from the open Atlantic and not endemic there. The fact that all
but one of the records within the gulf were in hauls shallower than 100 meters sug
geststhat it enters in the upper layers and across Browns Bank, not along the bottom
of the eastern channel; but it tends' to keep at some little depth, for. it was not de
tected in any of the surface hauls from February to May, 1920, even at the
stations where it occurred in the verticals.

Anomalocera patterson! Brady

This beautiful bluish green or Prussian blue calanoid is generally distributed over
the North Atlantic between latitudes 36 and 67° N., in the Mediterranean and in the
North Sea and English Channel (Giesbrecht, 1892; Brady, 1878-1880; T. Scott,
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1911), It seems not to enter the Baltic, probably being barred therefrom by low
salinity. It is recorded from the Indian Ocean, doubtfully from the Pacific (Gies
brecht and Schmeil, 1898), and from the Black Sea (van Breemen, 1908), Off the
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FIG.62.-0ccurrence of the copepods &tldlua armatua and Oandaclaarmata, X. locality records for &tldlua armatua: ••
locality records for Oandaclaarmata. The hatched curve Incloses the zone where troplcal-oceenle species occur most
frequently

North American seaboard it has been reported from the Gulf of St. Lawrence (T.
Scott, 1905; Herdman, Thompson, and Scott,1898; and Willey, 1919)i off Halifax
and Shelburne, Nova Scotia (Willey, 1919); at many localities in the Gulf of Maine;
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at 'Woods Hole and in the Gulf Stream off Marthas Vineyard (Wheeler, 1901); and
likewise at several stations on the continental shelf and along the continental edge
between Woods Hole and Chesapeake Bay (Bigelow, 1915 and 1922).

Because of its large size and brilliant color this is the most conspicuous of all
Gulf of Maine, copepods, but is usually so scarce there that horizontal hauls must be
depended upon to outline its distribution, the verticals being apt to miss it. Up to
the present, time has not permitted search for it in the mass of copepods taken in the
deep horizontals for the period February to May, 1920, but it did not occur at all in
the surface hauls for those months (table, p. 303), and only three times and in minimal
amounts (1 per cent of the catch) in the verticals, suggesting that although these
captures prove its presence in the gulf in spring it is then very scarce. This is
corroborated by the fact that in July it has been detected at only two of the forty-odd
stations for which the copepod catches of the horizontal nets were examined by
Doctor Esterly or by me (p. lO)-one of them in Massachusetts Bay and the other
a few miles north of Cape Ann-but Anomalocera must either multiply in the gulf
or invade it during midsummer, for it has occurred at fully 50 per cent of our stations
for August and at localities generally distributed over the whole inner and northern
part of the gulf north of a line Cape Cod-Cape Sable. Although no tows were
made on Georges Bank in August during the period 1912 to 1921, Dr. W. C. Kendall,
in his field notes (p. 12), records" green copepods" (which, from his description, can
only have been Anomalocera) from enough of the surface tows on the northwestern
part of the Bank and thence to Cape Cod and off Marthas Vineyard, in the last week
of August, 1896 (fig. 63), to show that this copepod is as generally distributed over
the offshore grounds during that month as it is in the inner parts of the gulf. The
seasonal history of Anomalocera is the same in the Gulf of St. Lawrence, where the
Canadian fisheries expedition did not find it at all in Mayor June, but widely dis
tributed (though nowhere plentiful) in August. Similarly, it appeared in the last
week of July off Halifax, where it was wanting in May (Willey, 1919).

Judging from the year 1915, Anomalocera practically vanishes from the gulf
after the end of August, for it was taken in only two of the horizontal tows at the
12 September stations (on the 1st and 6th, stations 10308 and 10314), and did not
appear in a collection of copepods made at St. Andrews by Dr. A. G. Huntsman on
the 15th (Willey, 1919, p. 220). We have only one record of it in the gulf in October,"
none for November, one for December (see table, p. 304), none for January, February,
or until March (see table, p. 305).

Thus, Anomalocera certainly persists in the gulf throughout the greater part
of the year; and it is probable that a few survive over the coldest period, though it
has not actually been taken within our limits at that time. From September until
July it is always very scarce, but it has a brief period of comparative abundance
during the month of August, when it may become so nearly universalin all parts of
the open gulf that surface tows usually pick up at least one or two. It is such a
noticeable object in the catch that its presence is almost certain to be recognized.
It is equally a summer copepod at Woods Hole (Fish, 1925, fig. 46).

~l Vertical haul off Penobscot Bay, Oct. 9, 1915, station 10329.
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Anomaloeera is likewise least plentiful in the North Sea region generally in
February, but from year to year may reach its maximum. there at any time from
May to November (T. Scott, 1911). Recognition of the brevity of its period of maxi-
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. :FIG. 63.-0ceurrence or the blue eopepod AlIornalocerll pattersoni In August. .X. IOC8lity records for August, 19J2 to 1914;
e, locality records for August, 1896 (from Dr. W. O. Keodall's field notes)

mum abundance (now sufficiently established as usualif not invariable) forces me
to correct aprevious statement that it markedly diminished in the Gulf of Maine
from 1913 to 1915 (Bigelow, 1917, p. 292). Its more frequent occurrence in the
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towings of 1912, 1913, and 1914 than in those of 1915 may simply have been a sea
sonal phenomenon associated with the fact that in the first three years the Grampus
cruised in August, when Anomalocera is at its maximum, whereas in 1915 most of
the towing was done either before July or from September on, when this copepod is
scarce, with only five towing stations for August, at two of which it occurred.

Anomalocera is peculiar among Gulf of Maine copepods in being seldom, if
ever, abundant even at the season when it is practically omnipresent, the catch
usually amounting to less than 50 to 60 individuals (Bigelow, 1915, p. 288). In
tow after tow Doctor Kendall found only one or two or "a very few." Sixty is the
largest number actually counted for any of the horizontal hauls in the gulf since
1912, and 550 the greatest frequency per square meter in any of the verticals (Massa
chusetts Bay, station 20120, May 4, 1920). Drifting along in a dory on a day when
the water is glassy calm, Anomalocera may often be seen right in the surface film,
when, as Sars remarked (1903, p. 141), its movements are exceedingly rapid and
energetic. On such occasions I have usually noticed one here and one there,
seldom more than half a dozen or so together. Evidently it can never be important
in the economy of the Gulf of Maine, where it has not been reported from the dietary
of either mackerel, herring, or other plankton-eating fishes.

On the other side of the North Atlantic this copepod must be far more plentiful,
for Brady (1878-1880) writes that it often occurs in immense profusion, and Sars
(1903) describes it as generally congregated in great shoals, when its presence is
betrayed by a disturbance of the surface like fine rain as it keeps leaping out of the
water. On such occasions it may well be of economic importance, and Norwegian
fishermen, who have christened it "blue bait," consider its presence a good sign of
the approach of the schools of summer herring; but T. Scott's (1911) failure to find it
in fish stomachs raises the question whether it is actually eaten to as great an extent
as has been supposed.

No direct observations have been made on the breeding of Anomalocera in the
Gulf of Maine, but the geographic distribution of the localities where it has been
taken argues that local multiplication of the few that survive winter and spring
not immigration-is the cause of the augmentation that takes place in its numbers in
midsummer. The fact that there is no preponderance of locality records in the
eastern side of the Gulf is especially significant in this connection, because most
immigrants occur there chiefly, and are more or less localized around the periphery
of the gulf (p. 51) instead of as evenly and universally distributed as Anomalocera is.

Of all the Copepods occurring with any regularity in the open gulf Anomalocera
is the most distinctively a surface form. This is especially the case during its period
of abundance in August. In 1913, for example, most of the records for that month
were from surface hauls, "only one from a haul as deep as 40 fathoms; and of course,
that one specimen may have been caught at or near the surface; and this may also
be true of the few specimens yielded by hauls from 20, 25, and 30 fathoms in the
Gulf of Maine" (Bigelow, 1915, p. 295).

This tendency to keep close to the surface was well illustrated in August, 1914,
at the following stations, in spite of the fact that the mouth area of the surface net
was much less than that of the nets towed deep.
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Station and depth in meters

Anomalocera 10245 10246 10254

0 100-0 0 50-0 150-0 0 25-0 75-0 225-0

----------------
Number ofsyecimens in samEle••n._ •• ___nn______ 1 0 6 0 0 10 0 0 0
Percentage 0 total copepods n samplenn_._______• 33 0 12 0 0 2~ 0 0 0

There is no positive evidence that Anomalocera ever sinks more than a few
meters in the Gulf of Maine in summer, and most of the Gulf of St. Lawrence records
listed by Willey (1919) are likewise from the surface or from trivial depths. In
winter and spring it seems to live slightly deeper, for it was not taken in any of the.
surface hauls from November, 1912, to April, 1913, or February to May, 1920;
but it descends to only a moderate depth-probably to escape the most severe
winter chilling-the vertical records for December, March, and April all being from
hauls shoaler than 75 meters.

Anomalocera is similarly an inhabitant of the upper strata of water in north
European seas. Sars (1903) always found it swimming close to the surface off the
west and south coasts of Norway, and T. Scott (Isi1) describes it as most generally
met with at or near the surface,very rarely in deep water, though he gives its vertical
range as extending down to 700 meters.

This copepod occurs only in water of tolerably high salinity, and its preference
for the surface makes it easy to establish the precise conditions under which it is
living at any given station. In the Gulf of St. Lawrence it occurred regularly in
water as little saline as about 30 per mille (Willey, 1919; Bjerkan, 1919). In the
Gulf of Maine most of the records are from salinities of 31.55 to 33.06 per mille, and
south and west of Cape Cod it occurs in water salter than 35 per mille, which is a
usual salinity for it in the eastern North Atlantic. It is certainly able to survive
a wide range of temperature, but in the Gulf of Maine it is most abundant when the
surface water in which it lives is warmer than 10°, which may prove about the lower
limit for its successful reproduction. Temperatures as high as 21° to 25°, even, seem
not unfavorable for it.

Anomalocera is an inhabitant of the open sea, never yet recorded from harbors
or from estuarine situations except when brought in by heavy winds or by surface
currents, as occurs at times in Norway (Sars, 1903) and at Woods Hole (Wheeler,
1901). In its relationship to the North American littoral it may be described as
intermediate between neritic and oceanic, maintaining itself in the Gulf of Maine
and in the Atlantic basin alike.

Asterocheres brock! (Brady)

Doctor Wilson contributes the following note on this copepod, which is only
accidental in the plankton:

This species occurred in the form of two partially mutilated specimens taken in one of the
surface tows early in March, 1920. As far as could be determined, these specimens were identical
with those described by Brady in his monograph on British Copepoda as Artotrag\lB ba'cki, but
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Brady, as he himself admitted in his later writings, confused the two genera, Artotragus and Astero
cheres, and should have assigned his species to the latter instead of the former. Most of the species
of this genus are parasitic upon, or commensal with, some invertebrate animal, but Brady gave no
information upon this point. Scott, in his "Catalogue of the Crustacea of the River Forth,"
reported obtaining this species in the water passages of sponges (Chalina oculata) growing on the
walls of a pier. It was later recorded by Norman and Brady from a tidal pool on the coast of
England, and it was added that this was probably a truly commensal or parasitic species, acci
dentally found in a free condition. This readily explains why more specimens were not found in
the present collections, and it is significant that these two came from close to the coast of Maine
south of Portland [station 20059].

Calanus finmarchicus (Gunnerus) g6

General distribution.-Farran (1910, p. 83), whose words I call not better,
has described the distribution of Oolasnu finmarchicus as "centered in the North
Atlantic. It has also been recorded from the South Atlantic off Cape Colony, the
west coast of South and North America, se the Mediterranean, the Adriatic, and the
Polar Ocean." Following the North Atlantic around from east to west, we find
it occurring in dense though limited swarms off the mouth of the English Channel
(Farran, 1910); on the south and west coasts of Ireland, where Farran (1903) found
it the most abundant and economically important of the copepods: and on the west
coast of Scotland (T. Scott, 1898,p. 182). Many authors have described the ex
traordinary abundance of this species in Norwegian seas. Gran (1902), Paulsen
(1906), and Damas (1905), in particular, comment on the shoals of it between Nor
way, Iceland, and Greenland. The Ingolf expedition (With, 1915) had it at many
localities off west and east Greenland.· .Sars (1900, p. 35) describes it as '.'by far the
commonest of all the Copepoda in the north polar basin explored by the Fram
expedition, forming, indeed, in all the samples the great bulk of the contents."
Cleve (1900) remarked its abundance in the Labrador current. Herdman, Thomp
son, and Scott (1898) record it from practically every tow netting across the North
Atlantic from Liverpool to the Straits of Belle Isle-largest in the Labrador current-s
and Farran (1910, p. 83) speaks of it as" in great abundance along the coast of North
America in the path of the Labrador current, forming, in the summer months, a
rich belt, which, off Newfoundland, is at least 500 miles wide." Corroborating this,
the international ice patrol has taken great masses of it on the Grand Banks; Willey
(1919) found it the commonest copepod between Nova Scotia and the Newfoundland
Banks, in the Gulf of St. Lawrence, and along the outer coast of Nova Scotia.

It dominates the plankton of the Gulf of Maine at all seasons, as will shortly
be described, and outside the immediate coastal zone is usually plentiful and often
the dominant copepod over the continental shelf off southern New England to longi
tude about 72° W.; that is, abreast of Long Island, New York (Bigelow,1915). South
of this its occurrence along the seaboard of the United States becomes more seasonal
and less regular. It is to be expected in abundance over the shelf between the
latitudes of New York and Chesapeake Bay during the cold half of the year and into
early summer,Rathbun (1889) having found it characterizing the plankton at many

16 According to With (1915) the relationship of O.helgolandlem Sars to O.ftnmarelllem Is stl1lln doUbt, but Dr. C. B. Wilson
writes" Whatever may be the outcome, It seems reasoneblr certain that all the specimens from the Gulf or Malne are ftnmarchlC1U."

" Esterly (1005, p, 126) describes It as the commonest copepod about San Diego, Calif., and as often very predominant.



PLANKTON OF THE GULF OF MAINE 189

localities in this zone during April and May of 1887, while Fowler (1912) reports it in
great abundance along the New Jersey coast in June, 1911, and early July, 1912.
In cool summers, such as that of 1916, it continues extremely plentiful along the
Zone of lowest temperature on the shelf, narrowing to the southward to abreast the
mouth of Chesapeake Bay until the end of summer and becoming much less plentiful
in autumn, as I have described in a previous report (Bigelow, 1922), but in warm
years-e. g.,1913-it practically vanishes south of New York by July (Bigelow,
1915, p, 269). So far as known, the latitude of Chesapeake Bay may be set as the
southern limit to its occurrence off the east coast of the United States in numbers
sufficient to color the plankton at any season. Westward and southward from
abreast of Cape Sable the zone of abundance for Oalanus finmarchicus is bounded
offshore by the high temperatures and salinities of the" Gulf Stream," a boundary
which fluctuates in location from season to season but which is never far outside the
edge of the. continent.

Regional distribution in the Gulf of Maine.-In the gulf Oalanus finmarchicus is
decidedly more oceanic than neritic (p. 35), but exists to some extent in estuarine
situations as well as offshore. I can offer little first-hand information as to its
occurrence in inclosed waters, most of our stations having been located out at sea, but
it has appeared in abundance in Gloucester Harbor (p. 194), and we have likewise
taken it in abundance in the harbors of Kittery, Portland (Bigelow, 1914, p. 117),
Eastport, Provincetown, and in Casco Bay. Doctor McMurrich, in his manu
script list, records it regularly at St. Andrews, often in abundance, during the
winter of 1915-16; from November through April, but only occasionally during the
later spring, summer, or early autumn. Willey (1921) found it in abundance in the
mouth of the St. Croix River during the winter of 1916-17, but decidedly rare in the
winter and spring of 1919 and 1920. If these observations in the St. Andrews
region apply equally to other parts of the shore line of the gulf, Oalanus finmarchicus
is to be classed as a winter copepod in estuarine waters, where it has never been
found in the swarms in which it often occurs in the open sea. Williams (1906)
similarly found it an abundant winter visitor to Narragansett Bay, and Fish (1925)
found it in winter and early summer at Woods Hole.

Outside the estuaries and inside the continental edge, OaZanus finmarchicus is
universal in the Gulf of Maine, both in deep water and over the shoal banks, but it
is consistently less abundant in the coastal zone northward and eastward from Cape
Ann along Maine and Nova Scotia than off Massachusetts Bay and in the basin in
general. Although the distinction between regions fertile and poor in Calanus is
apparently least marked in early spring, when the species as a whole is least plentiful
in the gulf, the chart for February and March, 1920 (fig. 64) shows no frequencies as
great as 3,000 per square meter anywhere in the peripheral belt inside the 100-meter
contour between Cape Ann and Cape Sable, with the whole of Georges Bank equally
barren except for the transitory swarm of Oalanus which we encountered over and
off its southeastern slope on March 12, 1920, as I have described (p. 168). On the
other hand, all but one of the vertical hauls in the.basin and in the channels (eastern
and northern) yielded more than 1,500 Oalanus finmarchicusper square meter, and
most of the hauls more than 5,000, with a maximum of 33,700 in the western basin.
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In April of that year Calanus was more evenly distributed, with the coastal belt
supporting about as many per square meter as the basin, but with three circum
scribed centers of abundance-(l) from Cape Cod out over the western basin (sta-
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tions 20114, 20115, 20116, and 20117), (2) in the northern channel (station 20105),
and (3) on the eastern peak of Georges Bank (station 20108)-reminiscent of the
local March swarm, From April on reproduction of Calanus takes place so much
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more rapidly in the basin and off Massachusetts .Bay than along the coasts ofMaine
and offwestern Nova Scotia that by May and June (fig, 65) we have foundamarked
contrast between the rich Calanus population of the former and the sparse catches
of the tow net in the latter, a distinction persisting in our experience throughout
the summer and into September, except that on August 11, 1914 (station 10243).
there was a notable shoal of this copepod close in to Cape Sable,

We have no data on the numbers of Calanus existing in the offshore parts of
the gulf later in the autumn, but in October, 1915, this copepod was far more numer
ous 'along Cape Cod, in Massachusetts Bay, and between Cape Ann and Cape
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FlO. 65.-Numbers or the copepod Calanus fl7lmarch/cu8 per square meter or sea area, May and June, 1915. The hatched
curve Inclosesthe area where there were regularly more than 15,000

Elizabeth (23,000 to 122,000 per square meter) than from abreast Penobscot Bay
eastward (7,100 to 14,700 per square meter)-that is, the southwestern part of the
gulf was then much more prolific of Calanus than the northeastern, and probably
as much so as any part of the basin, judging from the large numbers per square
llleter off Cape Cod (l02,500) and at one station in Massachusetts Bay (122,200)"

In the parts of the gulf visited by the HaZcyon during December, 1920, find
January, 1921, Oalanus fisvmarchicu« was most abundant in the. western basin on
the one side and in the Fundy deep on the other, and least so in the northeastern

75898-26-13
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part of the basin, but the data are not sufficient to show whether or not it was more
. plentiful in the offshore parts of. the gulf than near land, as is so constantly and

characteristically the case in summer (p. 189)...
Our several sections across Georges Bank have shown that in summer the off

shore boundary to abundant Oalanus finmarchicus-indeed, to an abundance of
copepods of all kinds-abreast the Gulf of Maine is but a few miles outside .the
continental edge (p. 21). Even on July 23 and 24 in the cold summer of 1916, when
Calanus was reasonably plentiful over the southwestern part of Georges Bank gen
erally, it was. represented by only an occasional specimen. a few miles outside the
100-meter contour, where the general aspect of the plankton was more oceanic
(station 10352). ,

During the cold half of the year Calanus spreads somewhat farther offshore.
It may even be extremely plentiful along the southeastern slope of Georges Bank-in
early spring(p. 189), and on May 17,1920, it was about as numerous at the outer
most station off the western end of the bank (17,000 per square meter at station
20129) as in over the latter or in the neighboringpart of the basin of the gulf to the
north, but it is probable that very few Calanus exist at any season more than a few
miles outside the 1,000-meter contour west of the longitude of Cape Sable.

The regional distribution of Oalanus is so' irregular, with particular swarms
often so soon dissipated, and the relative abundance of the species in different regions
is in a state ofsuch constant change, that it is not safe to postulate a typical rule for
it from its quantitative distribution at any given time; but sufficient data have now
been accumulated over a period of years to show (a) that Oalanus finmarchicus is
far more plentiful in the. open waters of the gulf than in estuarine situations or
among the islands, and usually most plentiful some miles offshore; (b) that the
coastal belt inside the 100-meter contour, from qape Ann northward and eastward
to the mouth of the Bay of Fundy, is a zone of comparative scarcity for it, as con
trasted with the Massachusetts Bay region, the basin as a whole, or the northern parts
of Georges Bank; and (c) that the chief center of abundance is in the southwestern
part of the gulf, along Cape Cod, off Massachusetts Bay, in the neighboring parts
of the basin, and as far northward as the region of' the Isles of Shoals. The eastern
basin, the northern channel, and the neighborhood of Cape Sable are secondary
centers, where Calanus is occasionally extremely plentiful, but we have never taken
it in frequencies as great as 100,000 per square meter anywhere else within the
gulf (fig. 66). .

In 1920 the stock of O. finmarchicus increased slightly throughout the coastal
zone generally between Cape Cod and Mount Desert from March to April, raising
the average numbers per square meter for this region from about 1,800 to about
5,000.97 At the head of Massachusetts Bay, off Boston Harbor, there were some
thing like four hundredtimes as many Calanus on April 6 (station 20089, 1,250 per
square meter) as on March 5.(station 20062, only 3 O.finmarchicus per square meter).
On the other hand, the Albatross found fewer Calanus in the eastern basin of the
guif generally in April (average .about 2,540 per squ~reIlleter) tl;lan in March (aver-

87'Eight stations lor March and 11!or April.
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age 7,320 per square meter), though the difference is perhaps not great enough to be
significant in the case of a planktonic animal so usually occurring' in swarms or
streaks which the net may chance either to hit or to miss.
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The dissipation of the swarm existing off the southeastern slope of Georges
Bank in March has been noted (p. 190). Over the eastern end of the bank Oalanm
finmarckicus increased eight to ten fold from March 12 to April 16, by the evidence
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of the vertical hauls, and three-fold on Browns, but decreased by about that same,
proportion in the eastern channel, a change probably too small to be significant'.
In the western basin the average number of O. finmarchicusat all the stations was
practically the same in April (about 13,000 per square meter) as in February and
March (about12,000)~but an equalization of the species had taken place.

The augmentation of the stock of O. finmarchicus that takes place during the
later spring is the most notable event in the seasonal history of the animal plankton
of the gulf. In 1920 this multiplication of Calanus began in the Massachusetts
Bay-Cape Cod region by the middle of April, as I have just pointed out (p. 41),
and by the first week in May it had progressed sufficiently to raise the numbers per
square meter to an average of 19,000 for all the stations from near Cape Ann out
across the western end of Georges Bank. '

In 1913 no notable increase of Calanus was observed in Massachusetts Bay
until the first week in May; this was first evidenced in Gloucester Harbor, where on
the 3d Welsh found the water "reddened for areas of about a square yard, several
yards apart, with what proved to be swarms of copepod nauplii and young copepods.
And on the 17th, hauls off Magnolia, Mass., yielded great numbers of small copepods,
chiefly o. finmarchicus." (Bigelow, 1914a, p. 407.)

In the spring of 1915 the vernal augmentation of Calanus either commenced earlier
in the season than in 1913 or 1920, or proceeded more rapidly, for on May 4 the
vertical net took it at the rate of 459,900 per square meter off Gloucester (station

, 10266), this being the greatest number ever counted in the gulf. It was only slightly
less numerous in the eastern basin off German Bank on the 6th, and the average
number per square meter for a belt right across from the Massachusetts Bay region
in the west to German Bank and Lurcher Shoal in the east was about 150,000. It
is probable that the multiplication of Calanus does not proceed so rapidly in the
northern parts of the gulf, though it may commence there as early as mid-April (p.
41), the June counts off Penobscot Bay and eastward U8 ranging from only 7,500 to
21,000 per square meter for 1915. Probably a fairer concept of the late spring status
of the species, both numerically and regionally, would result from the union of the
May with the June counts despite the disparity in date, which gives an average of
about 96,000 per square meter for the whole gulf north of a line Cape Cod-Cape
Sable, or about 63,000 if the vertical hauls for May, 1920, be included. Although
this calculation may very well be 100 per cent out of the way, due to faults inherent
in the process of estimation and to the paucity of stations, at least it shows that the
stock is many times as great in late spring and early summer as it is in winter or
during March and April.

It is not possible to follow the seasonal fluctuations of O. finmarchicus at close
intervals through the summer for want of sufficient data for late June and July, nor
have the percentages in which the species occurred been determined for the vertical
hauls for August, 1912 or 1914. This was done for the vertical hauls for August,
1913 (Bigelow, 1915, p. 286), and for most of the horizontal hauls at various depths
for stations for 1912 and, 1914, when the total numbers of copepods were, calculated
from verticals. With Calanus so greatly preponderating over all other copepoda

88 No vertical hauls were made In this part of the gulf In May.
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combined, this will at least give an idea of the general status of the species.· The
average numbers of Galanusfinmarchicus per square meter for all parts of the gulf
combined have been as follows: July and August, 1912, about 45,000; August, 1913,
about 28,000; July and August, 1914, about 55,000-results probably not far from
the truth, judging from the evenness of the frequencies from summer to summer.
About 30,000 to 40,000 specimens of this copepod would then be a reasonable expec
tation for the average frequency below each square meter of the surface of the gulf
in midsummer, though actually with extremely wide variations from station to sta
tion-that is, from hardly a trace to upward of 200,000. This is a decrease by more
than one-half from the most prolific period and region of May (p.194) and a con
siderable shrinkage from the stock existing generally in the gulf in May and June.
Correspondingly, the richest July or August catch for the period 1912 to 1914 was
less than half the richest May catch, and while we have never found less than 7,000
Calanus per square meter in May, several August catches have contained fewer than
100. In some summers, however, the stock remains very high or may even con
tinue to increase until well into July, as exemplified by the year 1916, when vertical
hauls yielded an average of about 147,000 Calanus " (approximately 71,000 of them
being large adults) among 210,000 copepods of all kinds for six stations in Massachu
setts Bay, off Cape Cod, and in the southwestern part of the basin (Bigelow, 1922,
p. 136).

In September, 1915, for which month vertical hauls were made at nine stations,
including the Massachusetts Bay region, the average per square meter (about 35,900),
with frequencies per square meter of 4,400 to 138,400, about equaled the expectation
for August; but the individual counts, station by station, show a tendency toward
dispersal of the local shoals of Calanus by the general circulation of water in the gulf
during early autumn, resulting in equalization of the stock, a phenomenon which
often accompanies, though is not necessarily a sign of, a cessation of active repro
duction.

If the counts for 1915 may be taken as typical, Calanus may be expected to
increase again in numbers from September to October, the average per square meter
being about 51,000 for the latter month with three of the vertical hauls more produc
tive than 100,000 and none producing less than 7,500. This period of reproduction,
if it be one, must be brief, with the stock dwindling rapidly later in autumn, for the
yields of the horizontal tows taken during December, 1920, and January, 1921, were
uniformly scanty. The volume of the catches, however, suggest that G.finmarchicus
was more evenly distributed over the inner parts of the gulf at that season than we
have usually found it during its period of greater abundance in spring and summer.
Unfortunately, however, these stations do not afford numerical data.

,Density of aggregation.-Oalan'/1,s finmarchicu«, being the most plentiful copepod
in the Gulf of Maine, and, thanks to its comparatively large size coupled with its
numbers, by far the most important source of crustacean food for the plankton
feeding fishes, the local abundance in which it gathers 'is ofimportanee in the natural
economy of the region. The numbers present per square meter are not a direct
index to this, for the specimens living under that or under any other unit of the

,
99 Assuming Oalanus to have constituted 70per cent of tho catch, which is probably below the actual fi=es.
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surface of the sea may be scattered sparsely through a great depth or concentrated
in a shoaler stratum, depending both on the depth of water at the station in question
and on whether they are more or less stratified or are evenly distributed from the
surface downward.

In spring the latter state may be said to apply generally down to 175 meters;
and assuming that practically the whole catch (in the case of the deeper hauls) was
made above that level, as seems justified for the reasons outlined above (p. 24),
we arrive at an average of about 48 Oalanus per cubic meter for March, 1920, and
69 for April, with extremes of 1 to 654 and 4 to 624, respectively, for these two months.
Thus it seems that a slight general increase took place from March to April, cor-
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responding to the beginning of the vernal wave of reproduction of the species, but
irregularly from station to station and reversed at many stations, without apparent
correlation between the relative density of aggregation and the depth of water or
the locality in. the gulf.

As might. be expected, the great increase in abundance of this copepod which
takes place in May is accompanied by a corresponding increase in the numbers
present per cubic meter to an average of about 500 for all the May and June stations
of 1915 and 1920 combined (fig. 67)-that is, to more than seven times the April
average-and with a well-defined cleavage into "rich" and "poor" regions. In the
western parts of the gulf and along a line toward Cape Sable Calanus then averaged
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about 1,000 per cubic meter, with 2,300 and 3,700 at two stations at the mouth of
Massachusetts Bay, these being among the densest aggregations of the species yet
demonstrable from our vertical hauls.

In marked contrast to this rich region and to a second center of abundance in
the eastern basin (1,900 per cubic .meter),there was a sparse stock of Calanus along
the coast of Maine east of Penobscot Bay (40 to 100 per cubic meter) in June, and
it was only moderately abundant on Browns Bank (120 per cubic meter, station
10296). .

In the cool.year of 1916, when-it. is probable that the vernal cyclein: the lives
of planktonic animals lagged behind its normal schedule, Calanus was extremely
plentiful in the Massachusetts Bay region and off Cape Cod in July, as' already
describedIp. 195); and while the numbers per square meter fell somewhatshort of
the maximum for May, the numbers per cubic.meter-both maximum and average-e
Were slightly greater because of the shoalness of the localities where the vertical
hauls were made.

Nwmbers of copepod8 and Calanu8 finmarchicu8 per cubic meter, a88uming the latter to q,verage 70 per
cent of the former, July 19 to 22, 1916 1 .'

Depth In Copepods Oalanus Depth in Copepods Oalanus
Station percuble per cubic Station pereuble per cublometers meter meter meters meter meter

------
10340n•• n ••••••00.00 •••• __ •••• 45 2,066 1,446 10345••••_••••••••••••• 00 ••••••• 150 930 651
10341...__•• ___....00 ........ ___ 80 3,312 2,318 1034U•••••_._ ••• 00 •••••••• ___ •• _ 62 2,987 2,791
10342••••••••••••••••••_•••••••• 55 6,145 4,301 ---------
10344_........... __00 _00. __ ••••• _ 80 2,240 1,568 Average --- ---------- --- --------_. 3,113 2,179

I The exact proportions 01the several species 01eopepods have not been determined as yet lor these hauls, but preliminary
examination suggests at least 70 per cent Calanus and probably more.

The copepod population being confined largely to the deeper layers, as evidenced
by the comparative poverty of the surface catches, OaZanusjinmarchicu8 was evidently
more denseJ.yaggregated locally than even these amounts per cubic meter. would
suggest. For example, the haul at 40 meters (station 10344), with the i-meter net,
yielded about 6 liters in 15 minutes, chiefly copepods,and contained upward of
2,500,000 large -Calanus .(Bigelow, 1922,p. 136). This compares favorably with
200,000 in a five-minute haul near Iceland, listed by Paulsen (1906) as one of his
richest.

In the daytime the stock of Calanus at,say, the 10 to 30 meter level, becomes
to some extent enriched by the tendency of this little crustacean to sink when the
sun is high; at night it is correspondingly impoverished.

The July hauls for 1916 represent the richest Calanus pasture for mackerel,
herring, etc., that has come to our notice, and hence may be regarded as containing
about the maximum number per cubic meter to be expected in any part of the gulf
at any seasonvexcept in years for some reason unusually productive. When and
Where this crustacean food supply is at its best, therefore, a plankton-feeding fish
finds at least 2,000 Calanus per cubic meter at some level, and probably many more
at others, for this copepod has often been reported in shoals. On such occasions
every few mouthfuls of water taken by an adult mackerel, herring, alewife, Or shad
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would contain at least one and sometimes two or three large oily adult Calanus,
even without the voluntary selection of such morsels which these fishes regularly
practice, and the fish may be expected to be (and often are) packed full of this" red
feed."

At any time from early May.until midsummer there exists a sufficient stock of
Oalanus, which is dense enough in some part of the gulf to afford a bountiful food
supply. Our hauls point to the outer part of Massachusetts Bay, with the neighbor
ing waters along Cape Cod to the south, offshore to the east, and probably. north
ward to Cape Elizabeth, as on the-whole the subdivision of the gulf where it appears
most abundantly during the spring and early summer, both absolutely and per cubic
meter of water. Secondary centers of abundance have been recorded in the eastern
basin, the northern channel, and off the southeast slope of Georges Bank, but the
last of these was certainly transitory, (p. 193) and the others may have been equally so.

In warm summers; when the peak of abundance for Oalamue finmarchicus has
passed before July, fewer are to be expected per cubic meter. In August, 1913, when
the percentage of Oalanus in the vertical hauls was determined by Dr. C. O. Esterly
(Bigelow, 1915, p. 286), this copepod averaged only 244 per cubic meter at 14 stations
generally distributed over the northern half of the gulf, even assuming that all of
them were taken above 175 meters, the figures being as follows:

Number Number
Station per cubic Station per cubic

meter meter

10087•.••.•.••n. __ •••• __ ••• n ••••• n •• n.nn. __ •• _ •• 2113 10098.••.•••••• _•••••.•.....•••• ___ .•••••••••.•••...• 91
10089 •. __.• n •• __ •• __ n ••• __ •• n ••• n • __ •• __ ••••••• __ • 94 10099.__.•.••nn n ••• __ •••••••••••• _ nn n __ •••• n •• 324
10090•••••••••••••••.••••••••••.••••••••. _.••••••••".• 229 10100••••.•.••••••.•..•. n ••••••••••••••••• _ ••••••••• 309
10092.nn. __ .nn_•••••nn •• __ n ••••••••••nn•••••• 003 10101••••••••.• _••••••••••.•••••••••••••••••••••••••• 411
10095..•••.•••••••••••••...••_•••••.••••••••••.•..•••• 104 10102••••.•.•••••••.•..•.•••••••••••••.•••.•••••••••• 176
10096..__..•_. _•...•••__u •••••••••••••• n •• n •••••• u 330 10103.••.• ,. _.•.•.••••.••••••...•....•.••••••..•.•... 274
10097.'n' n •••n.n•••••nn••••• ' •• ' ••••C•••• n ••••• 160 10105•••••••••••••.•••••••••••••••••••••••••••••••••• 123

The average at the Gulf of Maine stations inside the continental edge for July
and August, 1914,100 was about 600 Calanus per cubic meter, varying from less than
100 to upward of 2,000. These calculations show that in late summer most parts of
the gulf offer by no means as fertile a feeding ground for the fishes that eat Calanus
as it does two or three months earlier in the season.

In the offshore parts of the gulf there is less variation in the number of Oalanus
per cubic meter of water, from station to station, in August than in May, with no
definite contrast between "rich" and "poor" regions; but in the coastal belt the
extremes, represented by very barren hauls between Mount Desert Island and the
mouth of the Bay of Fundy and by upward of 2,000 at one station close to. Cape Sable
(station 10243), are perhaps as far- apart as at any season. - The fact that Oalanua
about tripled in number at.thelocality last mentioned during the interval from July
25 (station 10230) to August 11, in 1914, shows that rapid changes take place.

Nine vertical hauls for September, 1915,distributed over the' eastern half of the
gulf along the coast of Maine and in Massachusetts Bay give an average of approxi-

;00 A table ofthe Ilumber of copepods and large Oelanus per square and per cubicmeter for that yearls given In an earlier ;eport
(Bigelow, 1917,p, 315). The present calculation for 1914Is based on an estimated average of 70per cent Cal anus, which Is probablY
below the true figure. •
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mately 300 .per cubic meter, paralleling the calculations for August as closely as
could be expected with an animal distributed so irregularly.

Numbers of Colanus.finmarchicu« per'cubic meter, September and October, 1915

Station Date Depth In Number Station Date Depth in Numbermeters meters

--- ------
10309____n_ n __________n. _______ Sept. 1 200-0 692

10324__.,__________ ._.__• _______ Oct. 1 150-0 22510310_________ •• ___• _______, ______
_~~S;:.~_

190-0 482 10325_••• _._ • ___._ , _____• ______ Oct. 4 175-{) 634
10311__________••• _. __n _ .. _ .. ____ 6Q-O 205 10326_____n ____________ • ______ ___do __ ._ 145-{) 32510315___• ____.._____________., ____ Sept. 7 80-0 264 10327__..___._._.__• ____• ______ Oct. 9 60-0 126
10316_.n._____ •••• ___________ •• __ Sept. 11 60-0 265 10328__..___• ___• __• ______• ____ ___do __ ._ 60-0 237
10318. ___~. __• _________...___.. ___ Sept; 16 70-0 63 10329_•• _•• __•••• __•• _. _••••••• ___do ____ 6Q-O 245
10319. _________n ______ • __ • _____ u Sept. 20 35-{) 380 10336______... _.. _....._n _____ Oct. 26 50-0 2,050
10320_____n n. _ .. u _____ ••• __ •••• .~~S;:~_ 70-0 273 10338____•••_._._._. ___• __• ____ Oct. 27 80-0 1,528
10321. _.... _____•• _______• __....__ 40-0 170 10339__________ • ________.u____ ___do,••• 75-{) 34310323. n ___ n __ n _____ • __ • ________ Oct. 1 80-0 288

.

Six stations between Massachusetts Bay and the mouth of the Grand Manan
channel gave about the same average (298) for the first week of October, with but
little variation from station to station (see table above), evidence that, as judged
by the number per cubic meter-that is, the density of aggregation and availability
for fishes-:-Oalanus finmarehious was distributed with comparative uniformity over
the inner parts of the gulf during the late summer and early autumn of 1915, a year
probably fairly representative. .Vertical hauls off Cape Cod and in Massachusetts
Bay on the 26th and 27th of the month yielded it in much larger numbers, rivaling
the denser communities of the species in spring and early summer.

We have no data on this subject for the months of November, December, or
January, but the catches of the horizontal nets, at depths of 15 to 240 meters during
the cruise of December to January, 1920-1921, were so small that Calanus must
then have been distributed very sparsely, indeed, and probably in no greater numbers
per cubic meter than in March (if as great), judging from the volumes of the catches
of the horizontal hauls, which consisted chiefly of copepods (see table, p. 304, for
percentages of Calanus). Thus the whole Gulf of Maine supports a much sparser
community of Calanus in winter and until May than it does from late spring to
October, with the maximum density of aggregation for this copepod falling from May
to July, the seasonal fluctuations in this respect paralleling those of the actual
numerical strength of the local stock.

Percentage of occurrence.-The degree to which Oalanu« finmardvicu« predomi
nates over all other copepods.in the Gulf ofMaine basin may best be illustrated by the
percentages of this species in the total catches of copepods. The vertical hauls of 1915
1920, and 1921,combined, averaged about 55 per cent O.finmarchicu8, inclusion of the
surface hauls for the spring of 1920 and the horizontals made during the summers of
1912 and.1914 bringing theprecentage up to about 60. Furthermore, O.finmarchicus
is the only copepod that has occurred at every tow-net station in all parts of the gulf
at all seasons and in almost every haul, vertical or horizontal,and the only one that
We have ever taken in 100 per cent purity. The three instanoes of this among the
surface tows for 1920 (stations, 20100, 20111, and 20112, see table, p. 303) are not
especially significant, the total catch being so small in each case that other less
common species occurring side by side with Calanus might easily have been missed by
the net.
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Among 246 hauls, vertical and horizontal, for which the proportionate rep
resentation of different copepod species has been determined, 51 have contained
90 per cent or more of C. fimmarchicus. At 12 of our 42 tow-net stations for July
and August, 1912, this was the only copepod detected by Doctor Esterly in the
subsurface hauls. Its dominating role in the copepod community of the gulf may be
further emphasized by the statements that it has been an unusual event for any other
species to form as much as 50 per cent of the catch, and that we have never found
as many as 50,000 of any other copepod per square meter, though there are often
upward of 100,000 Calanus.

The frequent dominance by O. finmarchicus, especially in spring and early
summer, not only over other copepods but of the' entire community of planktonic
animals, is commented on in an earlier chapter (p. 37). If the seasons of 1920 and
1921 can be taken as representative, O. finmarchicus is at its lowest ebb (compared
with other copepods,as well as absolutely) during January and February, when
it constituted 30 to 90 per cent (average about 55 per cent for the two months) of
the. copepods caught in horizontal and vertical hauls in the inner parts of the gulf
(tables, pp. 299 and 304), but only 2 to 10 per cent over the western end of Georges
Bank or outside the .continental edge to the southward. The average percentages
for March' (58 per cent) and April, 1920 (57 percent), were about equal, but
experience in 1915, 1916, and 1920 proves that the percentage of Calanus among
the total copepods increases notably as the spring advances, consequent on the
active vernal multiplication of this species (p. 194), which no other local copepod
rivals. In 1920 the relative augmentation of O. finmarclvicus far outstripped the
general augmentation of the copepod community as a whole.' in the southwestern part
ofthe gulf and on the western portion of Georges Bank. The percentage of Calanus
in the vertical hauls at the May stations for the two years combined averaged about
80 per cent for the more prolific parts of the gulf.

Direct comparison can not be made between the percentages for May and for
June (average 56 per cent), because most of the stations for the latter month were
located in the northern corner of the gulf, where we have not towed in May. Con
sequently, the difIerencemay be a regional phenomenon, not seasonal.

The vertical hauls for August, 1913-14 in number-give an extreme range of
from 87 per cent to 12 per cent Calanus, averaging 50 per cent, and 4 August hauls
for 1915 average 46 per cont Calanus, suggesting that this species is proportionately
less dominant in the general copepod population of the gulf in late summer than
in spring. Forty-five horizontal hauls at various depths generally distributed over
the gulf, including Georges Bank and out to the continental shelf,for July and
August, 1914, averaged 71 per centCalanus, with 100 per cent on several occasions,
in both surface and deep hauls-that is, about the same percentage that resulted
from the vertical hauls for May, 1920 (table, p. 302), and only slightly less than for
that month in 1915 (table, P: 297). It is therefore doubtful whether any decided
diminution in the percentage of Calanus, relative to other copepods, isa regular
phase in its annual cycle in the gulf during the period June to August, though there
may bea considerable variation in the percentage of Calanus from summer to

I Oomparestations 20044 to 20047 with stations 20127to 20129,table, p. 290.
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summer, consequent on fluctuations in its actual abundance, and in the abundance
of the other species of copepods. Twenty-one vertical hauls at as many stations
for September and October, 1915, give an average of only 38 per cent and 42 per
cent of Calanus, respectively-that is, little more than half of the May percentage.

The percentage of Calanus averaged somewhat higher in the horizontal hauls
of December, 1920 (about 58 per cent; table, p. 304). However, this does not reflect
an increase in the actual abundance of the species (which, on the contrary, decreases
markedly in numbers during the late autumn and early winter), but a still more
pronounced decrease in the local stock of' other species of copepods, Thus, while
curves for the actual and for the relative abundance (percentage) of 0, finmarchi~8
would be similar for the spring, they would be contradictory for the September
December quarter, and to this extent the percentages taken by themselves would
give a totally false picture of the seasonal fluctuations of the species in the Gulf of
Maine.

From the economic standpoint this means that any copepod-eating fish in the
Gulf of Maine is likely to make Oalanus its chief diet from May until August and
in October, but to depend less on it and more on other copepods during the early autumn
and again in late winter and early spring.

. The average percentages need further qualification to bring out the great
irregularity in the relative abundance of the species which we have encountered
from station to station on most of the cruises and from month to month at individual
stations, irregularities connected with the streaky way in which O. tinmarchicu8
often occurs, and with the formation and dissipation of its shoals. In Massachusetts
Bay, for example, the percentage fell from 80 to 45 at one locality off Gloucester
between March 1 and April 9, 1920, but increased from 6 per cent to 50 pel' cent
off Boston Harbor, nearby,.during approximately the same interval. In the western
basin, at three successive stations, the percentage of O.•finmarchi~8 was 90 on
February 23, 25 on March 24, 75 on April 18, and at three stations along a line run
ning out from Ipswich Bay toward Platts Bank, on April 9 and 10, the percentages
Were alternately 75, 25, and 80. Seventy-five per cent of Calanus in the south
'Western part of the basin on February 23, but only 2 percent on the neighboring
part of Georges Bank the same day, was evidence of a corresponding difference in
the actual number of O. finmarchicu8 per square meter-respectively, 6,562 and
25-but on the southeastern slope of the bank the percentage fell only from an
average of about 75 per cent on March 12 to 60 per cent on April 15, although this
interval saw the dissipation of a very dense swarm of Calanus, occasioning a shrinking
in the number per square meter from 103,000 to about 600.

Apart from the question of vertical stratification (p. 24), the percentages of
Calanus have proved more nearly uniform over considerable areas in the later
spring and summer. In early May, 1920, for example, it constituted 60 to 80 'per
Cent of the copepods at most of the stations' in the southwestern part of the gulf
and on the western end of Georges Bank (table, p. 302). In July and August, 1914,
its percentages in the horizontal hauls at most of the stations inside the continental
edge approximated the average (71 per cent) for all the stations, irrespective of
regional variations in the actual abundance of the species. In September and the



202 BULLETIN OF THE BUREAU OF FISHERIES

first half of October, 1915, considerable differences were noted in the percentages from
station to station, but during the last week of the latter month the percentage of
Calanus (50 per cent) was nearly uniform at the several stations off Cape Cod and
in Massachusetts Bay. In December, 1920, and January, 1921, considerable regional
differences obtained in the horizontal hauls.rwith extremes of 90 per cent of O. fin
marchicus in the western basin (station 10490, table, p. 304) but only 10 per cent
in the eastern basin (station 10502).

The only definite regional subdivision that can be drawn in summer, from the
standpoint of the percentages of O.finmarchicus, is between the gulf proper (including
its offshore banks) and the waters outside the continental edge. Calanus is usually
dominant in the copepod community of the former, but is only a very minor element
in that of the latter. Experience suggests that the farther out in the Atlantic basin
abreast the gulf, the less important relatively and the less plentiful absolutely is this

. copepod. It is probable that this is equally true throughout the year, but it is
certain that the line of demarcation lies farther out from the continental edge in late
winter and spring than in the warm season, when the high salinities and temperatures
of the inner edge of the Gulf Stream are closest in to the banks-witness the notable
dominance of Calanus off the southeastern slope of Georges Bank in March and
April, 1920, and the increase in its percentage in the catches off the western end of
the bank from February (5 and 6 per cent) to May (80 per cent, station 20129; table,
p.303).

The data so far gathered show that this species may attain a very high percent
age anywhere in the inner parts of the gulf. When the local copepod plankton is
more intensively studied, characteristic regional differencesmay be developed there, too.

Vertical distribution.-The vertical distribution of O. finmarchicus in the Gulf
of Maine varies somewhat with the season of the year. In spring, as exemplified
by the February to May cruises of 1920, it was taken in all but one of the surface
hauls, irrespective of the time of day. The numbers of specimens per haul do not
suggest any diurnal migration upward by day and downward by night, such as this
copepod carries out in summer (p. 204), the average being somewhat greater for hauls
made between 7 a. m. and 6 p..m. (average, 521 Calanus per haul in February and
March; 1,458 in April and May) than for those made between 6 p. m. and 7a. m.
(average 263 for February and March; 838 for April and May). Whether Calanus
actually is as plentiful at the surface during the spring months as it is at the lower
levels can hardly be determined from the data available.

Further evidence that the surface stratum is as productive of Calanus in spring
as are the underlying waters is afforded by the average percentages of occurrence,
which for the surface hauls 2 are about the same as for the verticals for the several
months, and show a corresponding increase with the advance of the. season (p, 201),
as follows. Note, also, that the only spring hauls yielding 100 per cent Calanus in
1920 were at the surface (stations 20WO, 20112, and 20113).

, Taken in hauls uniform In duration and In the diameter of the net employed.
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It is probable that a certain number of. 0. fimmorchiou« exist right down to the
bottomoftlie trough of the gulf in spring, as they do in summer, though no direct
proof of this is yet at hand. However, were it as plentiful below, say, 175 meters
as.it is above that level, the deepest vertical hauls-that is, those filtering the longest
columns of water-would on the average have yielded the largest catches of Calanus,
which was not the case. Actually, the average numbers (about 11,000 per square
meter) taken in 15 vertical hauls from depths of 200 to 340 meters in the basin, and
in one off the southeastern face of Georges Bank from 1,000 meters," during Feb
ruary, March, and April, 1920, were less than the yields of 20 shoaler vertical hauls
from depths of 100 to 175 meters (average approximately 18,000 O. finmarchicus
per square meter)-evidence that there were not enough Oalanus.below 175 to 200
meters to add appreciably to the catches. The two richest catches for March and
April 4 were in hauls from depths of only 150 and 125 meters, respectively.

With the increasing intensity of the sunlight and progressive warming of the
water which accompany the advance of the season, the surface stratum evidently
becomes less favorable .for Calanus, for in summer it is usually decidedly scarce or
even wanting in the surface hauls, even at localities where it swarms a few meters
down; but at other summer stations it has been taken in abundance at the surface.
I have already pointed out (Bigelow, 1915, p. 290) that its absence on the surface
in the regions where it swarms in deeper water is not caused altogether by sunlight,
for while it probably does tend to descend during the most brilliantly illuminated
hours, on several occasions we have made rich catches on the surface when the sun
was high in the sky. Such was the case off the entrance to Gloucester harbor on
July 22, 1912 (station 10012), when nearly aliter was taken in the 4-foot net on the
surface at about 3 p. m, Again, on August 14, 1914 (station 10251), we made a
rich surface catch of Calanus at about 2 p. m. off Cape Elizabeth; in July, 1916, a
month when O.finmarchicus was notably abundant, surface hauls yielded considerable
numbers off Cape Cod at 4 p. m, (station 10345), and off Marthas Vineyard at 5
p, m. (station 10351). Willey (1919, p. 181) records the presence of this copepod
in abundance on the surface in the Bay of Fundy between 3 and 4 p. m. under a
bright sun; but, as he further remarks, this is unusual. Willey suggests that in the
Bay of Fundy the active stirring of the water by tidal currents may be instrumental
in bringing the Calanus up at an hour when they ordinarily shun the surface,. an
explanation that may apply to the particular case in point but not to the other in
stances just mentioned, which were in regions of weak vertical circulation and.cer
tainlynot of upwelling.

This stationtouched the swarm of CalanllS alreadY described (or that location.
103,300and 78,OOO·per square meter.etatioas 20068 (southeast slope of Georges Bank, Mar. 12) and 20106 (Northern Channel

.Apr. 15, 1920,station 20078).
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Most of the other surface catches of Calanus in the gulf that can be classed as
"rich" have been made during the hours after the sun has declined below an altitude
of about 8 to 10°, or before it has risen that high in the morning. More specifically,
five of these rich surface catches were at 6 to 7 p. m., two at 8 to 10 p. m., five at
10.30 p. m. to midnight, two at 1 to 2 a. m., and two at 6 a. m. Cases in point are
stations 10024, 10027, 10038, and 10042 in July and August, 1912; a swarm off
Gloucester on July 7, 1913; stations 10093, 10097, and 10100 in August, 1913; and
stations 10246, 10247, and 10254 during August, 1914. Thus in the Gulf of Maine
Oalanus shows some tendency in summer to diurnal migration upward toward the
surface at the approach of sunset, which it deserts after sunrise in the morning.
Esterly (1911a, p. 142), in his study of the diurnal migrations of O.finmarchic'US at
San Diego, Calif., where the surface was practically barren of it during the day,
found it "overwhelmingly more abundant at the surface about twilight or imme
diately after" than at any other hour, with its plurimum at about 7 to 8 o'clock in
the evening; but the fact that we made as many rich catches about midnight as
about sunset suggests that in the Gulf of.Maine it is as likely to swim upward at
one hour of night as another. It has been as scarce at the surface at most of; our
night stations, even when plentiful deeper down, as it usually is in the daytime,
evidence that the vertical movement is only carried out it particular times and
places, or that it usually fails to bring any large percentage of the Oalanus right up
to the top of the water. For example, "Calanus certainly did not come to the
surface off Cape Cod during the night of August 5 [1913], for surface hauls taken at
2 a. m. and at practically the same locality at 8 .a. m. (station 10086) yielded very
few Calanus, although the deep haul caught thousands" (Bigelow, 1915, P: 290).
Other instances of the same sort for other hours between sunset and sunrise might be
mentioned.

Our few stations (10399 to 10404) in the western part of the gulf for October
31 to November 8, 1916, indicate a similar tendency on the part of Calanus to shun
the surface by day but to ascend by night during the autumn as during the summer,
for the one surface haul moderately productive of large Oalanus was at 4 a. m.(sta
tion 10402), while juveniles were taken in numbers on the surface at 6 a.rm. (station
10400). At the other stations (10 a. m., 2 p. m., and 3 p. m.) the surface hauls yielded
few, though it was moderately plentiful at 50 to 180 meters.

During the winter, as the water continues to cool and the sun is low, the surface
must gradually offer a more favorable environment to Calanus, resulting in its
occurring as regularly and probably as plentifully thereby March as deeper down,
irrespective of the time of day. How early in the winter this takes place remains
to be learned, however. . . .. . ..

These observations corroborate Esterly's conclusion that when Calanus does
carry out a vertical diurnal migration it is not induced thereto solely by the time
of day, but that the direction of· its vertical swimming (or sinking) is governed
by geotropism, which changes with physiological changesin the animal itself. Es·
terly's experiments pointed to varying degrees of solar illumination as governing
these changes, thus bringing its reactions into line with those of other copepods
(See, for example, Parker,1902, on Labidocera.) This explanation, however, does
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not cover its constant presence on the surface in the gulf at all hours of the day
in spring, contrasted with its absence from the surface by day in autumn (p.204);
the illumination being about as bright at the one season as at the other.

It is possible that. temperature, combined with light, may be a factor in the
case-that is, Calanus may tend to sink in warm,brightly illuminated water, but
to rise in pale illumination, irrespective of its temperature-s-but until this interesting
subject has been studied more thoroughly I need only emphasize that the reactions
of Oalanus in their local application to the gulf result in its being far less plentiful
in the surface stratum than below 10 meters or so by day, and often by night, during
the haIfof the year when the temperature is highest and the solar illumination
brightest.

, Horizontal hauls locate the zone of chief abundance for this copepod in the:
guIf at 25 down to about 100 meters depth during the months of July, August,
and -September, showing that it tends to avoid the deepest waters of theguIf in
summer as well as in winter and to congregate in the mid depths. I have pointed
out elsewhere (Bigelow, 1915, p. 290) that in the summer of 1913 much larger catches
of Calanus usually were made in hauls from 30 to 40 meters than from 100 to 170
meters at stations where we towed at three levels-surface, intermediate, and deep
with the shallower catches "usually two to four times as large in bulk as the deep
ones, a difference too great to be charged to the difference in mouth area between
the 4-foot and the Helgoland nets. And this source of error was further checked
by occasionally alternating the two nets." The only exceptions to this rule during
that cruise were at three stations in the eastern haIfof the gulf (10093, 10097,
and 10100), where Calanus was about equally abundant in the deep and shallow
hauls and plentiful right up to the-surface. Again~ 6nJuly 19, 1916, a much larger
quantity of O. jinmarckicUs (upward of 1~ liters) was taken in Massachusetts
Bayin the 30-0 meter haul than at 83-0 meters. The next day a 40-0 meter haul
off Cape Cod (station 10344) yielded upward of 2,500,000 IergeCalanus (Bigelow,
1922, p. 136),6 not to' mention smaller ones, while the 88-0 meter haul took not
over one-twelfth as many, estimated by their bulk (6 liters in the one case and less
than one-half liter in the other) ..

, The' catches of Calanus in the open horizontal nets likewise averaged from two
to three times larger from above 100 meters than from greater depths during the
cruise of July and August, 1914; and though stations 10246, 10248, and 10254 were
exceptions, with several 'times as many Calanus and other copepods taken in tows
at 150 t6225 meters as at 50 to 75, it was only above 100 meters that notably large
catches: were made (Bigelow, 1917, p. 312). . ,

The chief zone of abundance for O. jinmarckicus in the Norwegian Sea also
lies above 200 meters (Damas, 1905, P: 11), with about 400 meters as its lower
limit. Around Iceland Paulsen (1909) found it in great abundance down to 500
meters;' Nordgaard and Jj1Srgensen (1905) record it asmost plentiful at 200 to 300
meters in the Norwegian fjords in winter; and Damas and Koefoed (1907) found
it down to at least 1,200 meters depth between Norway, Spitzbergen, and Greenland.

lOur largest catch of large Calanus.
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In the San Diego region Esterly (1911) tookit in abundance as deep as 400 to' 500
meters, to which depth diurnal migration was effective.

Physical factors offer no apparent explanation. for the comparative scarcity of
Calanus in the deepest water of the gulf as compared with the intermediate levels,
both temperature and salinity being well within the optimum for it ; and it is more
likely that the cause lies in the distribution ·of the food supply, Calanus tending to
congregate at the levels where the' microscopic plants> on which it feeds are most
abundant. .
. Reprod'Uction.--,-It is now well known that Oalomu« finmardvicus deposits its eggs

singly-in the water, where they float until the young copepod hatches in the "ziau
plius" stage. Being of characteristic appearance (Damas, 1905), Calanus eggs are
easily recognized in the plankton. The larval stages are distinguishable by the
number of thoracic and abdominalsegments and developed legs, as well as by their
size. The stages are described by Lebour (1916). Damas's (1905) notation of
them; now generally adopted, is as follows:

Thoracic Abdow'I' FullyStage segments Inal devel·
segments oped legs

I.........., ......... 2 2 2
IL................. 3 2 3
IlL................ 4 2 4
IV.................. 5 3 -5
V.................. 5 4 5
VI, adult fewale•.• 5 4 5
VI, adult wale ..... 5 5 5

• These luvenlle stages were taken chielly on the surface and In some abundance In the vertical hauls as well (see table, p, 297).
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of nauplii such ae.that just mentioned does actuallypresage the great augmentation
of O. finmarchicu8 that takes place in that side of the gulf during the late spring and
early summer. In otherw.ords, the Massachusetts Bay region .and neighboring
waters are actually important centers of reproduction for the species, and of growth,
leading to a dominance of adults in July. Willey (1921) has remarked that this
part of the Gulf of Maine would seem to be the southern headquarters for the pro
duction of O.finmarchicu8 in the northwestern Atlantic, and it is not unlikely that
the Calanus population of the gulf as a whole originates chiefly in the area bounded
by Cape Elizabeth on the north.iCape-Cod on the south, and the western basin
offshore.

Judging from the data for 1915 and 1920, the production in this region must
be very large to account for the local abundance of this copepod in May and July,
but it is probably not to be compared with the tremendous production that takes
place in the Norwegian sea, for Calanus eggs have not occurred in notable numbers
in any of the samples in question," whereas Damas (1905, p. 12) describes them as
locally so abundant between Norway and Iceland that in certain regions they are
one of the principal elements in the plankton, even to the exclusion of everything else.

No attempt has yet been made to determine the presence or absence of the early
stages of O. finmarchicus in the samples from other parts of the gulf. Probably it
breeds to some extent over the whole of it (Willey (1921) mentions juveniles in
Passamaquoddy Bay in April), but the preliminary study of the tow nettings points
to the region just outlined as by far the most productive center of local production.
It is also safe to say that spring, from late April on, is the ·chief breeding season for
Calanus in the gulf, and that breeding probably continues actively through June to
account for the abundance of juveniles in various stages which we.found off Cape Cod
on July 9, 1913 (station 10057-; Bigelow, 1915, p. 291),8 and in Provincetown Harbor
on July 20, 1916 (station 10343), Itis certain that no production comparable with
the vernal wave takes place later in the summer, though positive evidence (in the
form of eggs and juveniles) as to whether Calanus spawns at all in the gulf during
July, August, or September is yet to be sought among the massesof copepods collected
on our cruises. Doctor Esterly's 9 report of many juveniles at two stations off
southern Nova Scotia on July 29 and August 6, 1914 (stations 10235 and 10237),
shows that Calanus breeds well into the summer east of Cape Sable.

In 1915 the increase in the numbers of O.finmarchicU8 in the gulf during early
autumn was preceded during the first half of September by an abundance of develop
ment stages ofcopepods in the tow. (See table, p. 298.) If these larval stages actually
Were O.finmarchicu8,as seems probable from the constant dominance of the copepod
fauna by that species, this points to a second but less productive breeding season in
autumn, an interpretation corroborated by the presence ofa large proportion of
juveniles of this species in the surface tows near the Isles of Shoals and in the western
basin on November 1, 1916 (stations 10400 and 10401). Development stages of
Some copepod were likewise recorded in comparative abundance for January, 1921,

7No spe~lal attention has ~~t beenpaid to the ~ggs in the GUlfor Main~ tow nettlngs-a .task tor tue tuture.
8 These were Identified by Dr.a. O. Esterly. .
8 In a letter.

70898-26--14
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by Dr. C. B. Wilson (table, p. 305), but the fact that no decided multiplication of the
later stages of Calanus takes place during late winter (p. 39) suggests that these
belonged to some other species of eopepod and that O. fimmarchicu» breeds little, if
at all,.in the gulf from September or October until the following April.

In north European seas generally, where the biology of this copepod has attracted
the attention it deserves, it is primarily a spring or summer breeder, the spawn
ing season commencing soon after vernal warming of the water is appreciable and
consequently varying with latitude and with oceanic conditions. .Thus Gran
(1902) found it in full breeding condition on the northwestern coast of Norway
(latitude about 67° N.) in April and May; Damas (1905) in June in the Norwegian
sea, where the Arctic and Atlantic currents meet, and in May and June around the
Faroes. Paulsen (1906) states that the reproductive season south of Iceland lasts
from March into June; Damas and Koefoed (1907) describe thiscopepod as spawning
in late June along Norway and in the fjords of Spitzbergen; while With (1915) found
it in breeding condition in June in Denmark Strait, in May south of Iceland, in June
and July off West Greenland, and as late as the last days of July off eastern Greenland.
Thus With justly interprets the term" spring," as descriptive of the chief breeding
period of O. finmarchicus, to mean the period at which the waters reach a certain
temperature and salinity, and which varies according to the latitude from March
(Februaryj) to August (east Greenland). The April to June spawning in the Gulf
of Maine thus parallels the breeding period of this copepod in the southern parts
of the northeastern Atlantic area. .

Although most European authors have credited O.finmarchicU8 with one com
parativelybrief period of reproduction annually, Paulsen (1906),with whom With
(1915) agrees, has pointed out that it probably breeds to some extent at other seasons
also in Norwegian and Icelandic waters, just as it certainly does in the Gulfof Maine,
because adults of both sexes have been found at other times of year almost every
where in northern seas where towing has been carried. out at appropriate depths.

If it proves characteristic of O. finmarchicU8 to have two distinct periods of
active reproduction in the Gulf of Maine-a major in spring and a minor in autumn
as a preliminary study of our samples suggests, and only one in north European
and Arctic seas, the difference may simply be one of latitude, the first spawning
occurring so early in the year in the gulf and autumnal cooling commencing so late
that there is opportunity for a part of the product of the spring hatch to mature and
breed before the temperature of the water falls too low for sexual development.
Thus, it is probable that for most of the stock breeding is an annual event and the
individuals survive for a year; for others it is biennial, with the autumn hatch passing
the winter in the late postlarval stages, as Paulsen (1906) suggests, and enough
irregular reproduction taking place at any time from early spring until well into the
autumn to maintain the variety of stages in development that have been seen though
out the year. More intensive study of the Gulf of Maine samples may be expected
to throw light on this question that would be important not only as bearing on the
life history of the species but with regard to the natural economy of the gulf, of
which O. finmarchicU8 is the most important planktonic inhabitant.
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The chief value of. the foregoing notes on the reproduction of Calanus is their
demonstration that this copepod is regularly endemic in the gulf just as it is in the
Gulf of St. Lawrence (Willey, 1919). How far west of Cape Cod Calanus breeds
in any abundance is still to be determined. Judging from its constant.presence
off southern New England (p. 188) and from the fact that juveniles were numerous
OVer the inner part of the shelf off Long Island and off New York on August 1 and 26,
1916 (stations 10362 and 10396; Bigelow, 1922, p. 143), it is probable that consider
able production takes place that far west. The rich catches of Calanus made farther
south during that summer consisted in the main of very large individuals, which
apparently did not succeed in reproducing to any extent because young stages were
Scarce or absent west and south of Cape Cod in the following November.

There is reason to believe that the Calanusstock of the eastern part of the
Gulf of Maine is recruited to some extent by immigration around Cape Sable from
lD.ore northerly breeding centers. Thus, a swarm of large Calanus with comparatively
·few young stages, in the eastern basin on May 6, 1915 (station 10270), might (so far
as internal evidence goes) as well have represented an immigration as a late stage
in a local reproduction cycle, the unmistakable westward .extension of the Nova
Scotian current at the time giving the first alternative an a priori probability which
our failure. to find any great production of young Calanus in this region in April,
1920, tends to corroborate. The swarm off the southeast slope of Georges Bank in
March, 1920, had probably drifted thither from the east or northeast..

At present it is impossible to state how regularly such immigrations into the
gulf take place, or their precise source, but it is probable that in the maintenance of
the stock of this copepod existing in the Gulf they are of far less importance than
local production.

Such data as are available suggest, furthermore, that the northern and eastern
parts of the gulf are kept supplied with Calanus chiefly by the dispersal of the swarms
?f young produced in the southwestern side, the general circulation of .the gulf
llldicating a general anticlockwise drift eastward along the northward side of Georges
13ankand thence northward and westward around the. gulf. Nor is a drift..of this
~ort inherently improbable, for Calanus regularly carries out far more extensive
Involuntary migrations from its chief breeding centers in north European and sub
Arctic seas.

Relationship to temperature and. salinity.-Most authors have described O.
finmarchic'U8 as eurythermal, which is certainly true within very wide limits. In the
Gulf of Maine it occurs regularly over a range of from fractionally above 0° to 20°
(station 10254, surface, Calanus plentiful). I do not know the highest range in
'\\7hich it has ever been found, but on August 30 and 31, 1913, the Grampus took
o.ccasional specimens (living) in 24.44° on the surface off Delaware Bay, where by
SInking 20 meters or SO it could have found much cooler water of 11 to 12° (Bigelow,
1915, p. 290). Although apparently it is able to exist in such high temperatures,
lUuch evidence has been accumulated to the effect that somewhat cooler water offers
~ lD.ore favorable environment for it, whether as it effects the growth of the Calanus
ltself, its reproduction, or its food supply. This was unmistakably the case in the
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southern extremity of its range during the summer of 1916, when there was a very
closecorrespondence between the limits occupied by abundant Calanus on the shelf
south of New York, vertically as well as horizontally, and water of 4 to 7°. With one
exception it swarmed only in water of 6° or colder (Bigelow, 1922, p. 143, figs. 45
to 47).

In general it may be said that along the North American seaboard O.finmarchicu8
is abundant and dominates the plankton only in temperatures lower than 12 to 15°,
or where it can have ready recourse to water as cool as this by sinking or by swimming
downward a few fathoms. The fact that in 1916 Calanus was not as definitely
concentrated in the deeper water between Marthas Vineyard and Delaware Bay in
November as in August, is in line with this general thesis, for the equalization in
its vertical distribution corresponds to the vertical equalization of temperature
(and of salinity) which takes place there in autumn; and it suggested that "the
failure of the southern Calanus swarm to migrate to the surface during the mid
summer nights, as it so often does in the Gulf of Maine and elsewhere, was due
either to the very high surface temperature, or possibly to the very low surface
density" (Bigelow, 1922, p. 145). With the advance of autumn both these barriers
are weakened by surface cooling, until in winter, thanks to the vertical uniformity
of the water, the only physical factors governing vertical migration are sunlight
and geotropism. .

At the other extreme, while o. finmarchicus probably can survive in the very
lowest temperatures obtaining anywhere at sea, the isotherm of 2° has been found to
mark approximately the lower level to its regular occurrence in the northern part of
the Norwegian Sea (Damas, 1905). Damas and Koefoed (1907) found it more
plentiful in the intermediate strata in the seas between Spitzbergen and Greenland
at temperatures of 1 to 2° and upward than in the colder water below.

.. It is probable that O. fisvmarchicu« requires a somewhat higher temperature for
its successful reproduction. Thus the abundance of early postlarval stages in the
Gulf of St. Lawrence during June, July, and August (Willey, 1919) suggests that
breeding takes place there chiefly after the end of May, by which season the upper
20 meters or so have warmed by several degrees from the winter minimum. This
is certainly the case in the Massachusetts Bay region, where nauplii did not appear
in any abundance in 1920 until the whole column of water, down to 70 meters, was
warmer than 2.7° and the upper 25 meters warmer than 4.5°.

The relationship between the breeding range of this copepod and temperature
is similar around Iceland, for in spring it spawns abundantly to the south of the
island in water of4° and upward; but apparently it does not do so at all to the north,
where the temperature remains as low as 1 to 3° throughout May, though enough
Calanus drift westward around Iceland to make this copepod extremely abundant
along the northern coast in summer (Paulsen, 1906). As Damas and Koefoed
(1907) have pointed out, O. finmarchicu« is therefore less Arctic in its relationship
to temperature than is O.'hyperboreus, probably finding the lower limit to-its acti"e
reproduction at about 2 to 3°; and the same for its rapid growth, though it is able to
survive through long periods of lower temperature, growing slowly if at all.
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O.finmarchicus is likewise indifferent to changes in salinity within wide limits,
but I have been unable to learn that it is regularly abundant anywhere in water more
saline than about .35.3 per millet" (Farran, 1910). Thus high salinityisprobablye
:more effective barrier to its dispersal seaward abreast of the Gulf of Maine and thence
Southward along the continental edge of North America than is high temperature,
though, to quote from an eminent student of this group (Willey, 1919, p.176),
"the factor which determines the limit of southern dispersion of O. finmarchicus is
clearly neither a simple physical constant nor a single organic tropism," but "includes
the biological factors of food-supply and propagation."

O.finmarchicus is regularly and abundantly present in considerably less saline
water (31 to 33 'Per mille) in the western side of the North Atlantic than Farran
(1910) set as the lower limit to its plentiful occurrence in the, North Sea region (33.5
per mille), and apparently it was spawning actively in a salinity of only 29 to 30
per mille in Massachusetts Bay in May, 1920. Judging from its status in the en
trances to the Baltic, however, and from its rarity within the latter, probably it can
not exist long in water much fresher than this, though it may reach brackishsituations
as driftage. .

Economic importance.-The importance of O.finmarchicus in the general economy
of the Gulf of Maine and of all other seas where it abounds can hardly be over
esti:rnated. Certainly it is no exaggeration to call .it the most important single
planktonic animal, probably more important in the gulf in its relation to both larger
and smaller organisms than all other copepods combined. It is the basic food for the
local mackerel, and is certainly a major article in the diet of the herring, alewife, and
shad while these are at sea. All the other fishes of the offshore waters of the gulf
that eat plankton at allmay be expected to feed on Calanus more than on any other
single item. Through the medium of the herrings, which are nourished on it, Calanus
helps support the finback and humpback whales,Balrenopteraphysalu8 and Megaptera
nodosa (the only whalebone whales now common in the gulf), though neitherdfthese
feeds directly on copepods, their whalebone being too coarse (p.97). On the other
hand, it is probable that Calanus makes greater inroads on the planktonic plants
on Which it preys than do all other copepods combined, and conceivably it may
practically exterminate them locally and temporarily.

Calanus gracilis Dana

Dr. C. B. Wilson contributes the following note:
This species has been reported from the western part of the Mediterranean and from the

Indian and Pacific' Oceans as well as the Atlantic. Cleve (1900), in discussing the distribution of
4tlll.ntic Copepoda,. gave the northern and southern limits of this species as from the 44th parallel
north to t1).e35th parallel south. The Gulf of Maine, therefore, is about its northern limit, and it
Would not be expected to appear in large numbers. Neither would it be widely distributed. ItIs
Worthy ~f note that Pesta has reported it from a depth of 1,200 meters in the Adriatic, while .oies-
brecht gave 1,500 meters as the maximum depth limit. The few specimens found in the present
plankton were obtained in October from shallow water rather close to the shore [at two stations
off Marthas Vineyard. and at one in Massachusetts Bay (see table, p. 298)].---- ' .,' '" , '" ". " , ",;

10WlIIey (101ll. p. 176)records abundant Oalanus at aSlIllnlty 0135per mille In the edgeolthllOullStream between the Scotian
and NeWfoundland Banks on June 1, 1016.
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Tbis species was not found in the Woods Hole region by Wheeler (1901), nor
did Dr. C. O. Esterly detect it among the tow nettings of the Grampus made between
the Gulf of Maine and Chesapeake Bay during the summer of 1913 (Bigelow, 1915,
p. 287), but Willey (1919, p. 218) reports it from two etationa outside the continental
edge off Cape Sable, July 22, 1915. It has no regular place in the fauna of the Gulf
of Maine, where it is only a stray.

Calanus hyperboreus Kr~yer

This is an Arctic species with its chief center of distribution in polar seas, where
it is probably circumpolar and universal, having been taken at many localities off
the northern coasts of Europe, Asia (to longitude 1360 E.), and America (north

.coast of Alaska, Dolphin, and Union Strait; Willey, 1920). It is described by
Damas and Koefoed (1907) as the commonest surface copepod in the Greenland
sea. It drifts southward past Iceland with the east Icelandic current over a well
defined tongue (Farran, 1910), spreading thence in small numbers over the southern
part of the Norwegian sea to the Skager-Rak and the southern Norwegian fjords,
where Sars (1903) regards it as a "relict" species. A few are also carried south
ward in the cold bottom current across the Wyville Thomson ridge into the North
Atlantic, where it has been recorded southward to latitude 510 N.,longitude U o 43' W.,
off the mouth of the English Channel." On the American side it occurs generally
and abundantly over Davis Strait (With, 1915) and Baffins Bay (Aurivillius, 1896).
Curiously enough, Herdman seems not to have had it on his two traverses of the
Labrador current abreast the Straits of Belle Isle during the summer of 1897/'
but the Canadian fisheries expedition of 1915 found it generally distributed over
the Gulf of St. Lawrence as well as between Nova Scotia and the Newfoundland
Banks and over the continental shelf along the Nova Scotian coast to abreast of
Cape Sable. On their summer cruise, however, it was not found at the stations
outside the continental edge west of Sable Island (Willey, 1919). It has been
taken at many localities in the Gulf of Maine, shortly to be discussed, but Georges
Bank and Cape Cod .mark the limit to its occurrence as anything more than a~

accidental stray in this direction. South of this our only record for it is one specI
men off Delaware Bay on August 12, 1916, in a haul from 70 meters (Bigelow,1922,
p. 148).

Regional and seasonal occurrence in the Gulf of Maine.-Judging from our expe
rience in 1915 and 1920, OaZanus hyperboreus is, to.all intents, universally distributed
over the gulf during the late winter, early spring, and early summer. Thus it .
appears at about 80 per cent of the stations in Doctor Wilson's lists for February
to May, 1920, at localities covering all parts of the gulf from the immediate coastal
zone, on the one hand, out to the continental edge, on the other, and indifferentlY
from the eastern side to the western, irrespective of the depth of water (fig. 68)i
and since a .species as comparatively rare as O. hyperboreus migb;t easily be missed
by the vertical hauls, probably it was actually present at. every station.. SimilarlY,_________-_-,-- -,----~- ,....__---e-:-

11 For further details see Gran (1902), Paulsen (1006), Damns and Koefoed (1907), and Farran (1910). • ,
11 Unless p088lblysome of the Calanl listed by Herdman, Thompson, and Scott (1898) as O. proplnquUI were actuallY C.

1Il1perbortU3•
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it occurred in the vertical hauls at all but one of the May and June stations for
1915 (table, P: 297), covering the basin and coastwise waters of the gulf and Browns
Bank as well,
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FIG. 68.-0ccurrence of the copepod Calamu hllperborew at different seasons. e, locality records, February to May; X,
July to November; A, December lind January, The hatched curve marks the offshore limit to the occurrence of this
species in summer

During the summer and early autumn it continues widespread in the northern
and{western parts of the gulp8 over a belt some 60 to 70 miles wide paralleling the

11In addition to the loealtnee marked (fig, 68). Wl11ey (1921) found It forming about 8 per cent of II slImple of copepoda col
ected in a ]().fathom tow of! Eastport, Me" Aug.2 19l6.
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coast; but during the July and August cruise of 1914 we failed to find it at any
station in the southeastern part of the basin, in the eastern and northern. channels,
on Georges or Browns banks, or near Cape Sable, indicating that at, this season
the O. hyperboreu8 of the Gulf of Maine are entirely cut off from the more northerly
centers of abundance along the outer coast of Nova Scotia, though continuous with
them and drawing from them by immigration earlier in the year (p. 217). During De
cember and January it occurred in the horizontal hauls in the western basin, off Penob
scot Bay, off Mount Desert Island,and in the Fundy Deep in 1920 and 1921 (table,

, P: 304); also at three stations off Gloucester in the winter of 1912-1913 (Bigelow,
19141'1, p. 409); and Willey (1921) records it in some abundance in the mouth of the
St. Croix River from November to February during the winter of 1916-17, but not
in January, 1920, though two specimens were noted in a tow taken on the 25th of
March in that year. Unfortunately our November-January cruises have not
extended to the offshore banks.

Thus, the geographical range of O. hyperboreu8 in the gulf narrows from the
sea shoreward in summer and expands offshore again at some time (just when remains
to be discovered) during autumn or winter.

Numerically O. hyperboreu8 is never more than a minor element in the plankton
of the gulf, though its economic importance may be considerable because of its large
size. Thus the average percentage of O. hyperboreu8 at the stations where it was
detected in the vertical hauls was only about 4.5 per cent for March, 1920; 7 per
cent for April, 1920; 2' to 3 per cent for all the May stations; and 7 per cent for all
the June stations (see tables, pp. 297 and 299). In July, 1915, it averaged 2~per cent
of three vertical hauls, and in 1913 about 1 per cent of two. hauls (80 and 270
hyperboreu8 to 8,800 and 5,400 finmarchicus). In 1912 there was 1 hyperboreu8
to 50 finmarchicus in a sample from one station (10023), and 6hyperboreu8 among
thousands of finmarchicu« in another (10040). On July 22, 1916 (station 10345)
only one specimen was detected in a preliminary survey of some thousands of cope
pods and none at all at neighboring stations. Willey (1919), however, records 8 per
cent of hyperboreu8 near Eastport in August. In December, 1920, and January,
1921, it averaged 3.5 per cent at the stations where it occurred (table, p. 304) but only
about 1 per cent at all the stations combined. The maximum abundance of O.
hyperboreu8 is 45 per cent, but this is at a station where the total catch of copepods
of all kinds was extremely scanty (7,500 copepods per square meter off Gloucester
on April 9, 1920, station 20090). The vertical hauls for 1915 and 1920 afford only
eight instances of hyperboreu8 in percentages as great as 15 per cent.

The numbers per square meter-counting only the stations at which it
occurred-are as follows:

Date Average Maximum Minimum

-
FebrUary; 1920______ --- ---- .-- --- --.- ------- -.-- ----- -.-- --- --- - ---- _____________ •_____ ----- ·683 1,126 26
March, 1920•• _._...._-. -- -. - - -- - -u. - - - •• - n' - - - - - __ • ___n' __ • h _._." _ "n _ ..... _ •• _ ... _._ 403 4,162 G
urll, 1920______ --- - --- - -- - - -- - - -- - -- ----. --- .. - -- - - ----- - -- n_. --- -. - n u _______ • __ .. _ ----- 804 9,100 0

aY,llllo,llnd May, 1920_ •___.. __.;-__ •• n ..n.-.... " ••-.---.-.---....._._ •• _ ...-- •••• -.- 2,661 20,675 0
lune, 1915____..._....... -- .. -.- -- --. -"... -- ..----'--- ---.......-. n._nn _____... u _~_~ u n 1,634 6,450 26

.
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Evidently the numbers of O. hyperboreus existing in the gulf increase considerably
from February to May and then decrease during June,'> and later in the summer
the species becomes so scarce that we have never found as many as 3,000 per square
meter at any station 15 for July, August, September, or October, while none at all
have been detected at, most of the midsummer and autumn stations. The fact
that O. hyperboreu8 has been detected at only about 10 per cent of the towing stations
for July and August, notwithstanding its wide distribution at that season, con
trasting with its presence at 80 to 100 per cent of the stations during March, April,
May, and June (p. 212), is further evidence -of its scarcity in the Gulf of Maine in
summer. In 1915 it occurred at 10 per cent of the September stations and at one
out of eleven stations east and north of Nantucket in October, while in December,
1920, and January, 1921, Dr. C. B. Wilson detected it at about one-third of the
stations.

The regional distribution of the richer and scantier catches of O. hyperboreus
proves interesting from the standpoint of the source of the local stock, whether
endemic or immigrant. When the stations are plotted, where appreciably more
than the average number per square meter for the respective months were taken,
(fig. 69), it appears that during the season of maximum abundance for the species
(March to June) it is usually most plentiful in three distinct localities-c-H) in the
Massachusetts Bay region and thence out to the western basin; (2) in the eastern
side of the gulf from the northern channel (but not on Browns Bank) westward over
the neighboring basin; and (3) along the southeast face of Georges Bank. In all
other parts of the gulf, including the waters intervening between these "rich "
centers-that is, all along the coasts of Maine, in the northeastern corner off the Bay
of Fundy, in the central and southern parts of the basin, and over Georges and
Browns Banks-G. hyperboreu8 has been uniformly much scarcer. Unfortunately
the stages in development of the specimens taken in the vertical hauls, on which this
chart is based, have not yet been determined; but such a distribution, coupled with
the seasonal increase in the numbers of O. hyperboreu8 during the spring, would be
~resumptive evidence that the western center is a region of local production, drawing
lIttle from immigration but contributing to the stock in other parts of the gulf.

If such be actually the case, this would be by far the most southerly spawning
ground for this species. Until Willey's (1919) account of the copepods of the
~anadian fisheries expedition appeared, such a suggestion might have seemed highly
Improbable, O. hyperboreu8 having previously been known to breed only in the polar
~ea; but his discovery of young stages, besides adult females (but no adult males),
In. the gatherings at many localities in the Gulf of St. Lawrence, southeast of Nova
Scotia, and along the continental shelf westward nearly to the longitude of Cape
Sable, proved that the regular breeding range of this copepod extends much farther
South along the American coast than it does off Europe. Willey has more recently
reported adult malee-c-previously known only from the far north-as well as adult
females and younger stages at the mouth of the St. croix River near St. Andrews,-- '

11'· .'"T\llptat!lp\!l~t:ls justllled by,thll tact that t1;I!l crulses tor April, ~ay, and June have covered the parts ,oUhe guUmost pro-
llcIn thls specles, ' ' ,
, "MaXimum forstimmer, 2,700 per square meterotl· Mount Dos!lrtROCk, Aug. 13; 11l13, station 10100.,' '
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February 23, 1917 (Willey,1921). He maintains that these individuals would not
reproduce where found, but the presence of adults of both sexes of breeding age in
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'the Bay of Fundy becomes more suggestive of local breeding if taken in cohjunc~ion

with the existence of a more or less isolated center of abundance. for .the species off
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Massachusetts Bay, and makes the hypothesis that the latter is actually a center
of local production worthy of consideration.

The two eastern centers are indicative of immigration, being continuous with the
more abundant occurrence of the species to the eastward along the outer coast of
Nova Scotia. More direct evidence that the comparatively rich gathering made
off the slope of Georges Bank on March 12, 1920 (station 20069), was such a wave
from the northeast is the fact that it was no more plentiful there a month later
(station 20109), though at most localities its numbers had about doubled in the interim
(p. 214).

It is, furthermore, entirely consistent with the probable flow of the currents in
this region in spring that there should be a drift of O. hyperboreus from northeast to
southwest along the continental edge and perhaps over the southern edge of Georges
Bank during March and April, continuing into June in some years, but the evidence at
hand suggests that few pass west of longitude 70° at any season. The large catches
in the northern channel and the eastern basin in March, April, and May, contrasted
with the scarcity of the species at all our Browns Bank stations irrespective of season,
point to the former as the chief route by which O. hyperboreus enters the Gulf of
Maine. If the data for the two years, 1915 and 1920,can fairly be combined, it
would seem that there is comparatively little movement in this direction before the
end of April; but with O. hyperboreus relatively much more plentiful in the northern
channel on March 20 (station 20078), and again on April 15 (station 20105), than
in the neighboring parts of the gulf, invasion only awaited the first considerable
movement of water westward past Cape Sable, which occurs by the first half of
May, for the richest catch of the species yet recorded in the gulf was made in the
eastern side of the basin on May 6 (station 10270).16 A comparatively large catch
(about twice the average for the month) in this general region six weeks later (station
10288,June 19) may have been evidence of continued immigration throughout May
and into June.

There is nothing in the records of the distribution of the species for summer or
autumn to suggest that O. hyperboreus· rounds Cape Sable in appreciable numbers
later in the summer; but to find it doing so would not be surprising, for the stock
existing along the outer Nova Scotian coast during the warm months fluctuates so
widely from year to year that Esterly did not detect it at all in the Grampus tows
between the cape and Halifax during the last week of July and first week of August
in 1914, whereas Willey (1919) records a moderate representation of the species
Over the shelf generally nearly to the cape in August, 1915. Willey (1921) has
explained the presence of O. hyperboreus at St. Andrews in the winter of 1917 as an
invasion.

Vertical distribution.-O.hyperboreus occurs to some extent on the surface in the
gulf in spring (table, p. 303), but more regularly deeper.down,appearing in the lists
for about 80 per cent of all the vertical hauls during this period but in only about 50
per cent of the surface hauls, though the latter filtered much larger volumes of water.
Counting all the stations at which surface hauls 'Were made in 1920 (table, p. 303),

II Doctor Wilson's analysis or the catch made in the vertical net at this station proves my earlier statement (Bigelow 1917, p.
292) that O.hl/perboretu was rare or absent In this general region at the time, to have been Incorrect.
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there were only about 2 per cent of O. hyperboreus, less than half its percentage
in the verticals. In the two instances when the percentage rose to 25 and 30 per
cent, 500 and 150 copepods of all kinds were. taken-that is, only 125 .and 45 O.
hyperboreus, respectively. It has been detected in only one surface haul in the gulf
for July, August, or September-that is, off Cape Elizabeth on August 14, 1913
(station 10103; see Bigelow, 1915, p. 293), a locality where the surface tempera
ture was comparatively high (16.11°) and where it was probably brought up to the
top of the water by vertical currents. The date when it abandons the uppermost
stratum can not be stated, no data being available on this for the May and June
cruises of 1915, but probably its sinking is induced by the vernal warming of the
surface water.

Relationship to temperature and salinity.-As might be expected from its polar
origin, O. hyperboreus· occurs in greatest number and is most regularly distributed
in the gulf in comparatively low temperatures, the great majority of the spring
(February to May) records being from temperatures of 1 to 5°. It is doubtful
whether any of the specimens taken in June were actually living in water warmer
than 7°, and most of the few captures in the later summer have been in horizontal
hauls at depths where the temperature ranged from 4.8 to 8°, only one of them in the
much warmer surface stratum. The highest temperatures in which the presence of
O. hyperboreu8 is definitely established, apart from the one capture on the surface
just mentioned (p.217), are 9 to 10°/7 a. temperature in which probably it could not
long survive.

If O. hyperboreus actually does succeed in breeding in the western side of the
gulf in spring and early summer, probably it does so. exclusively in temperatures
lower than 3 to 4°, the range of temperature at the rich March and April stations
(stations .20087 and 20090, fig. 69) being from 2.25 to. 5.09°, ,and the. comparatively
large numbers taken there on June 26, 1915 (station 10299), may be explicable as
resulting from spawning some weeks or months previous when the temperature was
no higher than that. The richest immigrations of O. hyperboreus into the gulf sQ
far encountered have been in temperatures falling between 1.9 and 4.6°. It is not
probable that the distribution of O. hyperboreu8 is influenced by variations in Eialinity
within the limits prevailing in the open waters of the Gulf of Maine.

,: ,

Candacla armata Boock

This large and powerful species may be recognized by the asymmetry of the
posterior part of the body, the genital segment being irregularly dilated in the mid
dle, and the first segment of the abdomen having a sac-shaped dilatation turned toward
the right side. The frontal margin between the bases of the antennee is squarely
truncated, also. It has been recorded from the coast of Norway, the British Isles,
the Mediterranean, the North Atlantic,and the Indian Ocean (Scott, 1911), while
Esterly 18 (1905, p. 194) described it as "rather common" at San Diego, Calif. The

17 Oft Penobscot Bay, Aug. 4, 1913, station 10lOl,temperature at,5O ~eters about 9,3°; oft BealIsland, Nova Scotia; Sept. 2,
1915, station 10311, whole column or water, surface to bottom, 9.4 to 10.1°j oft Machias, Me" Oet., 9,1915, station 10327, whole
eolumn 9.4 to 9.8°.

II As a. pectinata Brady.



PLANKTON OF THE GULF OF:MAINE 219

Grampus had it in fairnumbers at three stations along the outer edge of the con
tinental shelf south of Delaware Bay and .off Delaware Bay in July and August,
1913, in.hauls from about 40 meters' depth (Bigelow 1915,p. 287). Wheeler (1901)
reported a considerable number of specimens of both sexes (as G,p~ctinata Brady)
from the" Gulf Stream," 70 miles south of Marthas Vineyard, on July 25 and 29,
1899, and Willey (1919) counted two specimens aID.0~g 100 copepods off the mouth
of the Laurentian channel between the Scotian and Newfoundland banks on June 1,
1915, at a temperature of 10.2 to 13.75°. and salinity of upward of 35 per mille.
It did not appear in any of the collections made by the Canadian fisheries
expedition on the banks or in the Gulf of St. Lawrence, nor did Herdman, Thompson,
And Scott (1898) report it between the Straits of Belle Isle and Liverpool.

Gandacia armata has not been reported from the Gulf of Maine previously, but
Doctor Wilson lists it at two stations outside the continental edge on March 14 and
May 17, 1920 (stations 20077 and 20129); also in the eastern part of.the basin of the
gulf on March 3 (station 20053) and on German Bank on April 15 (station 20103),
from vertical hauls (table, p. 299). It likewise appears in one vertical. haul in the
eastern part of the basin for May, 1915 (station 10270), one off Cape Elizabeth for
September (station 10319), and one. off Cape Cod for October of that year (station
10336; table, p. 297), but not in any of the surface hauls.

The general geographic range of the species, as summarized above, and its dis
tribution in British waters, where it is most plentiful in the English Ohanneland
penetrates the northern part of the North Sea from. the north around Scotland,
point to an oceanic origin for the occasional specimens taken in the Gulf of Maine.
The localities of record bear this out, being grouped in the. eastern side and near
shore.in the western (fig. 62), like other visitors from the open basin, with no records
in the western basin or from Georges Bank. It is a decidedly rare species in the
gulf, usually amounting to 1 per cent or less of the copepods, only once reaching 4
per cent, and it is not likely that it is endemic there.

Centropages brady! (Wheeler) 20

Dr. C. B. Wilson, in a letter, describes it as "fairly common on the Atlantic
coast off the mouth of Chesapeake Bay." Wheeler (1901) obtained both sexes in
the Gulf Stream, 70 miles south of Marthas Vineyard, in July. Willey (1919) lists
it at three stations outside the continental .edge, along the inner edge of the Gulf
Stream, off Cape Sable, and off Sable Island in July, 1915, and Esterly (1905) records
it from San Diego, Calif.

This species has not been recognized previously in the Gulf of Maine, where it
is to be expected only asa straggler from warmer waters offshore. In 1920 it was
noted in one vertical haul off Cape Cod for March and one off Gloucester in May
.(table,p. 299);in 1915 occasional specimens were noted in the eastern basin on June
14 and near Cape Elizabeth on September 20 in vertical hauls. The numbers of
specimens concerned are in each case minimal; 1.per cent being the .maximum fre
quency.

20 This name wasglven by Wheeler (1901, p. 174)to the species figured by Brady (1883) as C. violaeem Olaus.: but which, as
Giesbrecht (1892) pointed out, is quite distinct. It is readily distlngulshed Cram the other two species of the genus mentioned .aere
by lacking spines at the posterior corners oC the thorax.
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Centropages ham.atus (L1l1jeborg)

This species is so far known from the North Atlantic area between the latitudes
of 40° N. and 70° N. (Scott, 1911), including the North Sea and the Baltic-most
commonly within a moderate distance of the coast. Sars (1903)· describes it as com
mon along the whole west and south coasts of Norway, and, according to Scott (1911,
p. 106), it is "one of the more common of the Oalanoida met with in the North Sea."

On the American side it did not appear in the towings made south of New York
during the summer of 1913 (Bigelow, 1915, p. 287) or 1916, but was taken off that
port on August 26, 1916 (station 10394; Bigelow, 1922, p. 146), and near the Long
Island shore on August 1, 1913 (station 10083), which, so far as I can learn, are the
most southerly records for it along the United States coast. Northward it becomes
moreplentiful. Williams (1906) found it in Narragansett Bay in January and Feb
ruary, and it is" nearly always present in thetow at Woods Hole, in Vineyard Sound,
and in the Gulf Stream south of Marthas Vineyard," writes Dr. C. B. Wilson.21

Wheeler (1901) also records it as nearly always present in considerable numbers at
Woods Hole. Its range includes the Gulf of Maine, as described below. Willey
(1919) found it at many localities on the banks and over the deep intervening channel
between Nova Scotia and Newfoundland in May, 1915, but not at the more oceanic
stations, and restricted to the immediate vicinity of the Nova Scotian coast in July.
It is widespread and plentiful in the shoaler parts of the Gulf of St. Lawrence (T.
Scott, 1905; Willey, 1919), and Herdman, Thompson, and Scott (1898) report it
from the Labrador current off the Straits of Belle Isle out to longitude about 53°
W., and again between longitude 28° 24' W. and the coasts of Great Britain, but not
over the intervening stretch of ocean. .

Gulf of Maine.-O. hamatus appears only twice in the published lists of Gulf of
Maine copepods from the Grampus cruises-viz, occasional specimens off Boothbay
on July 26, 1912 (station 10016), and off Cape Porpoise on August 18 of the same
year (Bigelow, 1914, pp. 115, 116). It was not taken in the vertical hauls during
June, 1915, and at only two of the four Auguststations (table, p. 298), proving it
decidedly uncommon in the open waters of the Gulf during the summer, though it
may be more plentiful in estuarine situations, where we have made few hauls. It
appeared in about 60 per cent of the September verticals for 1915 (Willey (1919)
lists it for 3 out of 10 stations near St. Andrews during that month), and it
occurred at about half the October stations in the gulf east and north of Nantucket
that year, off Gloucester on October 31 (station 10399) and off Cape Cod on Novem
ber 8 in 1916 (station 10404; Bigelow, 1922, p. 135). No information is available as
to its local status in November; but the fact that it occurred at about 50 per cent of
the midwinter stations for 1920 and 1921 (table, p. 304) points to its constant and
widespread presence throughout autumn and early winter. It was detected in only
2 of the 80 vertical hauls made in various parts of the gulf during the spring season
of 1920 (table, p. 299), and there were less than 100 per square meter in every case.

During the month of October in 1915, O. hamatus averaged about 9,000 per square
meter at the several stations where it occurred to the eastward and northward of

'I In a letter.
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Centropages typlcus Krfl$yer

Nantucket, and 7 per cent ofthe total catch of copepods; but it was much more plenti
ful, relatively as well as absolutely, in the shoal water south of Marthas Vineyard on
October 21 and 22 (stations 10331 to 10333), with 12,240 to 58,500 per square meter
(constituting 6 to 25 per cent of the total copepods), and was most numerous at the
station closest to the land.

Numerical data as to the occurrence of O. hamatus are not available for the early
'Winter, but it formed about the same proportion of the catches in the inner parts of the
gulf (2 to 16 per cent, averaging 6 to 7 per cent), at the stations where it occurred in
December, 1920, and January, 1921,as in autumn. It has never amounted to more
than 1 to 2 per cent of the copepods at any station from February to the middle of
September, nor has it been more numerous than about 4,000 per square meter.
Obviously this suggests that O. hamatus is definitely seasonal in the gulf, occurring
'With some regularity from September until January but only very sparsely from
February until August. Thus, even at the season and in the zone of its greatest
abundance, O. hamatus is but a minor element in the copepod population of the gulf.

The regional distribution of the captures (fig. 70) is interesting, nearly all being
near shore and the majority within a few miles of land, with not a single record
anywhere in the central and southern parts of the basin or on Georges or Browns
Banks. Although O. hamatus occurs across the whole breadth of the continental
shelf off southern New England, on the one hand, and from Cape Sable eastward,
on the other, its geographic range within the Gulf of Maine'" has so far.proved neritic,
as contrasted with oceanic, and closely parallels that of. the neritic medusee (p, 33).

No observations have been made on the breeding of O. hamatus in the gulf,
but the abundance of developmental stages of copepods of some sort during August
and the first half of September, preceding the increase that takes place in the number
of adults of this species and of its ally, O. typicus, during the last half of September,
suggest that both of these species are regularly endemic in the gulf. If this be the
case it breeds in comparatively high temperatures, stated tentatively as upwards
of 7° in the gulf because of its neritic distribution, chiefly in salinities lower than
32.5 per mille.

This species is described by T. Scott (1911) as a true Atlantic form, estuarine
as 'Well as oceanic. In the eastern Atlantic it occurs from the Mediterranean to
northern Norway, being one of the common species in the North Sea region generally,
'Where it often occurs side by side with O. hamatus; but it has not been reported from
Arctic seas.. In the western North Atlantic it has been found on the Louisiana coast
of the Gulf of Mexico (Foster, 1904) and occurred commonly over the continental
shelf as far south as the mouth of Chesapeake Bay during the summers of 1913 and
1916-was, in fact, the commonest copepod at many of the stations but chiefly in the
uppermost stratum of water, as I have described in earlier reports (Bigelow, 1915,
p. 293, and 1922, p. 146).

In July, 1913, the Grampus took it abundantly off New York, and although
Williams (1906) does not list it from Narragansett Bay, Wheeler (1901, P: 173)
--------------------------------------

II Also plentlrul In the eastern side or the basin on August 20, 1926.



222 BULLETIN .OFTHE BUREAU OF FISHERIES

describes it as' "nearly always present in small numbers in the tow.taken from the
Fish Commission's wharf at Woods Hole and in the neighboring Vineyard Sound."
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It occurred abundantly also in the Gulf Stream 70 miles south of Marthas Vineyard.
Fish (1925) also took it regularly at Woods Hole.



·PLANKTON OF THE GULF OF MAINE 223

On July 10, 1913 (station 10062), it swarmed near the 100-meter contour off
Marthas Vineyard,andagain on October 21 and 22, 1915, it occurred right across
the whole breadth of the continental shelf off Marthas Vineyard, most abundantly
near shore (see table, p. 298, stations 10331 to 10333), all of which proves it as wide
spread out to the continental edge off southern New England as it is farther south.

O. typicus has proved to be a decidedly more important member of the plankton
of the Gulf of Maine than is its relative, O. hamaiue, as is described below; but Cape
Sable evidently marks the most northerly and easterly limit. to its regular occurrence
along the North American coast line, for it 'does not appear in Willey's (1919) lists
of copepods collected on and along the slopes of the Nova Scotian and Newfoundland
Banks and in the intervening deeps. The Grampu,s did not find it between Cape
Sable and Halifax that same summer. It has not been reported from the Gulf of
St. Lawrence, nor did Herdman take it west of.longitude about 28° W. on his two
traverses of the North Atlantic between Liverpool and the St. Lawrence River.
Comparison with the known range of O. hamaius shows O. typicus to be the more
southerly of the pair by about 7° of latitude, in terms of its northern boundary.

Gulf of Maine.-When the locality records for O. typicus in the Gulf of Maine
are expanded to include Georges Bank 23 (fig. 70) there is no evident concentration in
the western side or in the eastern.

!tis reported from Plymouth Harbor by Wheeler (1901) and from St. Andrews
by Willey (1919); hence it would no doubt be found in similar estuarine situations
all along the intervening coastline. Apparently it is never plentiful as far east as
the shallows west of Nova Scotia and perhaps never reaches Browns Bank or the
eastern part of Georges, and one record close to land off Shelburne, Nova Scotia,
September 6, 1915 (station 10313), is, so far as I can learn, the most easterly known
outpost of the species on the Atlantic coast of North America. The preponderance
of records in the inner parts of the gulf, as contrasted with the basin, accords with
a nature more neritic than oceanic (p. 35). In fact, its distribution east and north
of Cape Cod closely parallels that of the hydromedusa Phialidium languidump. 350);
but this applies only to the most northerly part of its range, for off southern New
England and thence southward it occurs generally right out to the continental edge.

Seasonalfluctuations.-In its seasonal ebb and flow in the gulf, O. typicus closely
~arallels O.hamatus. Thus it was so rare during the spring quarter, as exemplified

y the February to May cruises of 1920, that it was detected in only 6 out of 81
'Vertical hauls (about 7 per cent); it appeared in but one May haul in 1915 and not
bt all in June. Furthermore, the numbers of specimens concerned have invariably

een small on the few occasions when O. typicus has figured in the spring lists. On
thhe western part of Georges Bank (February 23, 1920) it· constituted 18 per cent of
t e cOpepods, but the total number was so small that this percentage amounts to
~nly about 3250. typicus per square meter. The maxima during the February to
(une.period are 2,625 per square meter in the western basin on February 24, 1920
tstatlon 20049), and 4,115 in the eastern basin on May 6, 1915 (station 10270, see
o~bles, Pp.:297 and 299), with less than 300 per square meter at the few other sta,tions

record for.these months.
---------,------,---------------,-------,-------.,-

13 Also dominant over northern and eastern parts of Georges Bank, at the surface, August 7,1926,.

75898-26--15
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There are only two records of 0. typicus in the gulf in July-one off Cape Elizabeth
on the 29th (station 10019) and the other in Casco Bay on the 31st (station 10020)
both in 1912. The records point to a notable increase in August, when it occurred at
23 per cent of the stations (7 out of 31) in 1912, 40 per cent (8 out of 20) in 1913,
and at 2 out of 11 in 1914. It is most regularly distributed in the gulf during autumn
and early winter, occurring at 60 per cent of the September stations and 66 per cent
of the October stations in 1915 and at about 60 per cent of the stations for December,
1920, and January, 1921. The local abundance of the species, as well as the generality
of its distribution, likewise increases during late summer and autumn, mounting
to an average of about 1,000 per square meter for August, 1913 (counting only the
stations where it is actually recorded east and north of Nantucket) ,about 5,300 for
September, 1915 (maximum 18,200 in Massachusetts Bay on the 29th), and to about
8,637 during that October (maximum 24,450 in Massachusetts Bay on the 27th).
Off Marthas Vineyard on October 22, 1915, the numbers per square meter ranged
from about 58,400 near shore (station 10331) to slightly more than 12,000 on the
outer part of the continental shelf (station 10333). Even at its season of maxi
mum abundance, O. typicus is usually a minor element in the plankton of the guli,
averaging only 7 to 9 per cent of the total copepod population at the stations where it
occurred in September and October, 1915 (table, p.298). Occasionally, however, it
may dominatelocally near shore-witness 40 percent of this species in Massachusetts
Bay on September 21 of that year (station 10321)-but probably this never happens
out at sea in the gulf.

O. typiCU8 constituted so small a percentage (1 to 8 per cent) of the scanty
catches of copepods made during the December and January cruise of 1920 and 1921
as to suggest a shrinkage in its numbers during the late autumn.

The numbers of O. typiCU8 present per square meter are further interesting as
proving the Massachusetts Bay region generally and the waters off Gape Cod its
chief centers of abundance in the gulf during the late summer and autumn. 'In late
winter and spring the largest catches have been made in the western and eastern ~ide9

of the basin-2,600per square meter at the former locality on February 23, 1920
(station 20049),·and 41,100 per square meter near German Bank on May 6,1915
(station 10270). It is also worth noting that this last was the richest catch of O.
typicu8 that has ever been recorded east of Nantucket, though ata time of year when
the species occurs only irregularly in the gulf and usually in very small numbers.

Breeding.-No observations have been made on the breeding of this species in the
gulf, but the fact that its chief center of local abundance lies off Massachusetts Bay,
whereas summer immigrants, whether of northern or of Tropic origin, enter chieflY'
via the eastern side, is strong evidence that the stock is maintained' by local reproduc~
tion, aided little, if at aU, by immigration. The presence of this species within the
gulf throughout the year tends to corroborate this. Seasonal fluctuations point to
summer as the .chief breeding season, as does the fact that in 1915 the autumnal
multiplication of O. typi.cus and O. hamatus Was preceded by an abundance of larV'lll
copepods of some sort (see table, p. 298). With only one period of abundance
annually, and that well-marked in contrast to the scarcity of the species during the
other months, it is safe to assume one chief breeding period for it yearly.
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Vertical distribution.-In an earlier report (Bigelow, 1915, p. 293) I have noted
that west and south of Cape Cod, Centropages typicus is most abundant near the
surface, citing as noteworthy examples of tills one station (10088) where the surface
haul yielded ten times as many specimens as the haul from 80 fathoms, though made
with a net of only one-sixth the mouth area, and another (10083) where tho surface
haul brought in several hundred C. typicus and the haul from 20 fathoms only one
specimen. Our largest catches of the species have also been on the surface, where it
swarmed oft Marthas Vineyard on July 10,1913 (station 10062), and at 15 fathoms off
New York on July 12 (station 10066). '

Observations of this same tenor were made in the Gulf of Maine during August,
1912, C. typicus amounting to about 40 per cent of the copepods at the surface at
station 10041 but not over 2 per cent at 40 meters; about 60 percent at the surface
acd not found at all at 30 meters at station 10042. At a third station for that month
(in Massachusetts Bay, station 10044) it and C. finmarchicus each constituted 50
per cent of'the copepods on the surface. Our few records for it north of Cape Cod in
August, 1914, are also from surface hauls; and while it has :figured in a considerable
number of hauls at various depths in one year or another, it has never been more
than a trifling percentage of the copepod catch in the deeper horizontals, and
rarely in the verticals (p. 225). Failure to take it in the surface hauls during the
spring of 1920 (table, p. 303) is not necessarilysigni:ficant in this connection, the species
being so rare at that season that it might have been missed by the nets. Consequently
it may be classed as typically a surface form in the gulf, most plentiful above 20
Ineters and perhaps never sinking as deep as 100 meters. It is likewisemost numerous
near the surface in north European seas.

Relation to physical conditions.~In different seas C. typicus occurs over, a wide
~ange of temperature and salinity. Along the Atlantic seaboard of North America
Its presence is established in water as warm as 24.40 (Bigelow, 1915, p. 293) and
as cold as 3.05° (station 20104, April 15, 1920). It did not occur .in th.e coldest
Waters of the gulf, for,example in the inner part of Massachusetts Bay, at the season
o~ minimum temperature, and the locations of the few early spring records suggest
elther that it tends to withdraw from the coastal waters as the latter chill or that
the specimens living there perish, leaving, only those that are in the parts of the
gulf Jess subject to winter cooling to survive the cold season. The fact that the
species did not appear in the surface hauls for March or April suggests that C. typicus
lnay sink in the deeper parts of the gulf as the surface chills. In the western basin,
for instance, where this copepod was ,comparatively numerous on February 23, 1920
(station 20049), it might have been in temperatures anywhere between 5.6 0 and
2.8°, according to the precise depth at which it was living.

However this may be, C. typicus increases notably in abundance about when
the upper 20 meters or so have warmed to the maximum annual temperature, and
taetendency of thespecies to keep near the surface makes it&afeto set 80 to 100 as
the lower limit to its active multiplication in the gulf. .In autumn it is probable
th~t its numbers fall off after the upper 20 meters have chilled appreciably below
t~ls figure, which, speaking broadly and for the gulf as a whole, takes place some
t1lne during November. ,
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The salinities of the open waters of the Gulf of Maine lie so far inside the limits
within which O. typicus has been found abundantly in other seas that this is probably
not an important factor in its local distribution horizontally or vertically. Cer
tainly no part of the gulf can ever be too salt for an animal occurring regularly in
salinities of upwards of 35 per mille in European seas. Toward the other extreme,
O. typicus is common in salinities of 31 to 32 per mille at Woods Hole, and one of
ourlargest catches was in water of about 31.5 per mille (on the surface off New York,
July 12, 1913, station 10066); but the fact that this species is apparently absent
from the Baltic makes it probable that it is more susceptible to low salinity than its
relative, O. hamatus, which is generally distributed there, and thus suggests that
the very lowest salinities of the surface along shore in the gulf (below 30 per mille)
at the time of the spring freshets may be unfavorable for it.

Dactylopusia thlsboides (Claus)

The known distribution of this harpacticoid 21 includes Franz Josef Land, Bear
Island (south of Spitzbergen), the north and west coasts of Norway, the British and
French coasts, Mediterranean, Red Sea, and Woods Hole, Mass., where Sharpe
(1911) collected it among algee on sandy bottom in about .2 fathoms of water in
July, the latter being the only previous American record. It is also reported froIXl
Kerguelen in the southern Indian Ocean, from the collections of the German South
Polar Expedition (Brady, 1910), but until these southern specimens are described
it remains doubtful whether they are actually identical with the northern forIll.
Brady (1878-1880) dredged this species in all kinds of situations, from brackish
water, on the one hand, out to depths of 40 fathoms, on the other, among weeds on
bottom; but it has been found only close to land and is not usually planktonic.

At St. Andrews, where the stirring of the water by violent tides is probably
responsible for bringing it up to the top, Doctor McMurrich lists a few specimens
on one occasion only-a tow at 7 fathoms on April 5. This record is interesting
as extending its known range to the littoral zone of the Gulf of Maine, but it is hardly
to be expected in the plankton of the open sea there.

Dwightia 2~ gracilis (Dana)

This species is widespread in the warmer parts of all three great oceans. In the
Atlantic it has been taken at various localities from latitude 36° 44' S. to latitude
52°27' N. (west of Ireland) in the east, and northward to the Gulf of Maine in the west,
most frequently in the tropical zone between latitudes 10° S. and 30° N. It also
occurs far and wide in the Mediterranean (Thompson and Scott, 1903). In the
Red Sea, Arabian Sea, Indian Ocean down to the latitude of the Cape of Good
Hope, and among the Malay Archipelago it has been reported from so large a pro
portion of tow nettings that it can be described as universal (Thompson and Scott,
1903; Cleve, 1901, 1903; and A. Scott, 1902, 1909); and the German South polar
Expedition had it at Kerguelen and even farther south (Brady, 1910 ;Wolfenden, 1911)·

. ----
"This has been summarleed, with quotation of authorities. by Bars (1003-1911) and Sharpe (1911).
21 C. B. Wilson (1924), finding that the generic name Setella, by which this species has long been known, was preoccupied bY

Schrank in 1902 Cor a genus oC Lepidoptera, has proposed Dwightla In Its place.
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In the Pacific it has been described from north of Papua, the Philippines, Straits
of Sunda, the China Sea, north of the Hawaiian Islands, and other localities between
latitudes 32° S. and 30° 22' N. (see Giesbrecht, 1892, and Brady, 1883, for lists of
Pacific records), but it does not appear in Esterly's (1905 and 1911) lists of the
copepods of the San Diego region.

The geographic distribution of this species is thus tropical and warm tempe
rate. The only previous records of Dwightia. gracilis off the North American' co'ast
are from the "Gulf Stream," 70 miles south of Marthas Vineyard, where many
'Were taken on July 25, 1899 (Wheeler, 1901, p. 188), and Woods Hole (Fish, 1925).
Dr. C. B. Wilson's lists add seven records for the Gulf of Maine (table, p. 297) and
one near Shelburne, Nova Scotia (station 10291). In the gulf, D. gracilis is to be
regarded as an immigrant of southern-oceanic affinity, and, correspondingly, most
of the locality records for it, like those for the two species of Rhincalanus and for
Scolecithricella, are in the peripheral belt near the eastern, northern, and western
shores. Being for the months of March, April, June, October, and December, they
show that it is to be expected in the gulf at any time of the year; but since all :five
of the records from within the gulf have been based on odd specimens (three at sta
tion 20063 were the most specimens noted in anyone haul inside of Georges Bank),
either the immigrations into the gulf are in very small numbers and at rare inter
'\Tals or such as do enter survive only for a brief period in the low temperatures to
which they are subjected there. A. somewhat larger catch (about 140 per square
~eter) was made on the southeastern part of Georges Bank on March 12, 1920 (sta
tion 20063). It may be taken as certain that this copepod appears in the gulf only
as an immigrant, never breeding there.

In tropicalseas this species has been taken repeatedly on or close to the surface,
and the Gulf Stream specimens described by Wheeler (1901) were also, presumably,
from the surface; but it has not been found in any surface haul in the Gulf of Maine,
all the records there being from open-net hauls, vertical and horizontal, from depths
ranging from 30-0 to 190-0 meters. Apparently it is more apt to enter the gulf
at least some few meters down and to remain there as long as it survives in its jour
neyings in the gulf. But for it, as for Scolecithricella (p. 285) and for the two species
of Rhincalanus (p. 283), the preponderance of captures near the coast of the gulf
pOints to the upper 50 to 100 meters, where the counterclockwise Gulf of Maine eddy
lS most active, as the stratum in which it chiefly drifts. The chart for Rhincalanus,
Scolecithricella, and Dwightia (fig. 72) is a graphic illustration of the tendency of
natural flotsam of any kind, entering the eastern side of the gulf from the oceanic
~.asin offshore, above, say, 100 meters, and keeping at or above that level, to circle
lts periphery, leaving its central basin bare.

Ectinoso:m.a neglectu:m. G. O. Sars

Thisharpacticoid is described bySars (1903-1911) as abundant along the scuthern
and western coasts of Norway, usually in 10 to 20 fathoms on muddy bottom. He
lt~so rE}cords it from polar islands north of Grinnell Land, and Willey(192,O) me~';'
tlons it from the Arctic coast of Canada. A.pparently it is strict~y a boreal-:Arctic
species. I find no previous record of it on the east coast of North America,· but
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Doctor McMurrich (in his plankton lists, see p. 12) lists a few at St. Andrews on
January 23 and again on January 26, 1916. Probably it becomes pelagic only by
accident in tide-swept situations.

Eucalanus attenuatus Dana

This species is widely distributed in the warmer parts of the Atlantic, Pacific,
and Indian Oceans, and in the Mediterranean. In the northeastern Atlantic it has
been .taken as far north as the Faroe Channel. Wheeler (1901) records one specimen
from the Gulf.Stream off Woods Hole; our outermost station (10218) off the con
tinental edge south of Georges Bank yielded a few in hauls from 60-0 and 300~
meters on July 21, 1914; and Willey (1919) records it in equally small numbers
from about the same position, relative to the continental slope, off Cape Sable on
July 22, 1915.

In. the Gulf of Maine it ocoursvery rarely, only as astray from the oceanic
waters of the Atlantic Basin. Its name does not appear at all in the summer lists
for the years 1912 to 1914, or during the months of February and March, 1920, or
May, 1915; but there is record of it in small numbers (1 to 2 per cent of the copepods)
in Massachusetts Bay on April 6 (station 20089) and on May 4 (station 20121),
and on .Gennan Bank on April 15 (station 20103), all in 1920. In 1915 odd speci
mens appeared in the.vertical hauls in the Fundy Deep on June 10 (station 10282),
in and off Massachusetts on September 29 and October 1 (stations 10321 and 10323),
and finally off PenobscotBay on January 1, 1921 (station 10496). When these
locality records are plotted in connection with those of its genus mate, E. elongatu8

(fig. 71), they point to immigration into the eastern side of the gulf and around its
northern shore to the Massachusetts Bay region, which is the route followed by most
of the planktonic immigrants. It is evident from the dates just given that E. atten:
uatue may stray into the gulf at any time of the year, but it is not likely that it is

ever able to establish more than a temporary footing there.

Eucalanus elongatus Dana

This species, described by Farran (1911, p. 93) as "characteristic of the warI1l
seas of the open ocean," has been recorded from sundry widely separated localities
in the tropical parts of the Pacific and Indian Oceans, in the Mediterranean, and
in the south and north Atlantic. According to Farran. (1911) it occurs the year
round in the Atlantic.as farnorth as the coasts of Ireland, while Wolfenden (1904)
describes it as abundant in the Faroe Channel and not uncommon in the fjords of
Shetland, and the plankton lists of the International Committee for the Exploration
of the Sea show that it is frequently carried round the north of Scotland into ~he
North Sea and even to the Skager-Rak. Not being known from. the NorwegIan
sea farther north, its northern limit, as Wolfenden remarks, is well defined. Wheeler
(1901) did not :find it in the Gulf Stream gatherings taken off Marthas Vineyard,
but more recently we have taken it at three stations over and seaward from. the
southwestern part of Georges Bank (July 21, 1914, station 10218, and FebruaJ.'y 23,
1920, stations 20044 and 20045); also off the southeast faoeof the same bank on
March 12 (Station 20069) and in the eastern channel on April 16 (station 20107),
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proving it to be of general occurrence in the oceanic water outside the continental
edge abreast of the gulf-in winter-as well as in summer. ,It was insufficient .numbers
at the three spring stations ,(appr,oximately500, 1,000, and.3,SOO per square meter)
to show that it may.locally attadn, a Jail' degree ofabun.danceat thatseason; ,Willey
(1919) also reports it in smallmumbers-from .one station outside, the continental
edge off Cape Sable on July 22, 1915" ',
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Only five captures of this species are recorded-from ,the 'inner' parts of the gulf
(fig. 71), as follows: Massachusetts Bay region, August 22,t j 1914 (station ' 10253),
and 8eptember29;':.l:915' (stations 10320 and: '10321) ;eastern'b'asin,.Ma:y'6,'1915
(station 10270); ;atid'off;Lurcher 'Shoal; Apl'il12,1 1920 (~tatibn20101)/ j In 'each
case .the.record is ibased on-oceasional specimens only ;;2,6(' ; " : ; , ! j

Eucolamus elongatus, like E. attenuatus, is only h rare stray in ;the" Gulf hf' Maine
from the warmer and salter Atlantic waters outside the continental edge, .entering
in tho eastern side and on.rare occasions following around as far as the Massachusetts
Bay region.j' •

Euchoota media Giesbrecht

This species, originally described from the tropical Pacific, has since been
recorded from-San Diego, Calif. (Esterly, 1905), .and from off Delaware Bay (one
specimenat station 10072, Bigelow, 1915, p. 287). , There is no previous record of
it in the Gulf of Mainc,but the lists of the vertical hauls of 1915 and 1920, prepared
by Dr. C. B. 'VV;"ilson(pp. 297 and 299), include occasional specimens of it in the western
basin, .March 24 (station,20087); off Mount Desert Rock, .April 10 .(station 20098) ;
on Gerio.!LD Bank on the:15th (station 20103); off Cape Cod, May 16 (station 20125)
in 1920; ncar Mount.Desert Island, June 11 (station 10284)'; and in .Massachusetts
Bay near Provincetown.vOctober 26, 1915 (station 10337). The hauls vary in
depth from 60-0 ,to 250-0 meters. T~e distribution of this species in the oceans is
so, little understood, and it is so rare in the Gulf of Maine, that its status there,
whether endCl.p.l~or an immigrant, is a question for the future. For the present it
willlsufflce si)nply to report the few local captures.

'Euchreta norvegica Boock

This powerful species; which, as Sal's (1903) has remarked, reaches the truly
gigantic size; .for a free copepod, of 10 millimeters or more in length of body,w~th
the furca and-its setre adding another 10 millimeters, is known only from the N'orth
Atlantic Ocean and from polar seas. It is one of the most characteri;tic inhabitants
of'the Norwegian Sea below 400 meters and occurs in quantities at 200 to 400 'meters
norfh of Iceland'{Puulsen, 1906). Its known range extends southward in the eastern
side of the Atlantic to latitude about 50° N.,· and to the SI\]1ger~Rak, but hardly
encroaches 011 the North Sea. It is not known in the Baltic. It is abundant in
the Faroe Channel and is recorded from many localities around Iceland; between
Norway, Greenland, and Spitzbergen; in Barents Sea; and in the polar basinY
No doubt its range extends right across the North Atlantic, for it is reported froIH
Weiilt Greenland. The Ingolf Expeditionfound it in the southern part of Davis
Strait to latitude 65° N" and Murray and Hjort (1912) reported it between the Grand

'._ .. ,._,._,.'" """.~.'U , .... ." ..~'. .. ____
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.Banks .Of!! Newfoundland and Flemish, Ca·p,28 E. norj)egica is widespread in the
Qulf of J?t.;>Lawrl3Il,ce; in the deep .oceanic ,triangle, .between the Scotian and New-
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foundland .Banks, and ,over,the deeper parts of the. continental ~helf along Nova
Scotia (WilleY'11919, table$;Bigelow, 1917, fig. 88), It is one of the moat charac-
~ ._---~----

18 Listed tim : a Et\cltoota,h~t probablY this spocies,



232 BULLETIN OF THE BUREAU OF FISHERIES

teristic planktonic animals in the deeper strata of the Gulf of Maine and abreast its
mouth along the continental slope.ltThe most southerly record of it off the American
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coast is in latitude 37° 46' N. (Bigelow, 1922, P: 148; station 10384, August 12"
1916) in a haul from 500-0 meters.

The locality records for E. norvegica prove it generally distributed over tho
basin of the Gulf of Maine at all times of the year (fig. 73), and so:nearlyuniverslll
there that it has been taken in about 80 per cent of all the horizontal hauls below 100
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meters, irrespective of the season. In August, 1913, for example, every such haul
captured it, and in the spring of 1920, 80 per cent of the deep hauls took it. In
fact, we have learned to expect it in every deep haul (it is made very conspicuous in
the catch by its large size and by the brilliant blue egg clusters borne by the adult
females) and to regard it as almost as typical of the bottom waters of the gulf below,
say, 150 meters as CaZanus finmarchic'lJ,8 is of the upper 100 meters. The plotted
positions (fig. 73).• do not suggest that its area of regular occurrence in the gulf under
goes any expansion .or contraction with the change of the seasons.

Although so uearlyuniversal in appropriate depths, E. norvegica "is never
abundant in the Gulf of Maine in the sense .thatCalanus or. any of the othersmall
copepodscan be so described" (Bigelow, 1915; p.292), the richest horizontal hauls
yielding a. few thousands at most, as is described in detail below.. Since the passage
of even the deeper vertical hauls through the stratum regularly inhabited by Euchseta
is necessarily brief everywhere in the gulf,29 the result has been that the vertical
h~uls have often missed it at stations where it has been taken in the horizontals,
and consequently do not give a true picture of its distribution. For example, it
does not appear in the list of copepods for the vertical haul in the eastern basin. on
June 10, 1915 (station 10283), though considerable numbers were taken in the hori
zontal haul as they had been a month previous also (station 10273).

Contrasted with its universal distribution in the basin of the gulf and its con
stant occurrence there, we have few records of this species inside the general 100
me.ter contour, whether in the coastwise zone or over the offshore banks-Georges
and Browns.. Records of it in Massachusetts Bay (fig. 73)-apparent exceptions
are all located in the deep sinks off Gloucester where Euchreta is apparently a
permanent inhabitant of the deepest, water below, say, 60 to 70 meters.

Present knowledge suggests that E. norvegica regularly ranges closer in to the
land-and in shoaler water-off the Eastport-St. Andrews region,' just within the
entrance to the Bay of Fundy, than elsewhere in the gulf, Willey (1921) having
reported 7 per cent of this species in a 1O-fathom tow off Eastport on August 2, 1916,
and having found a quantity of Euchreta in the stomachs of pollock caught about
Campobello Island, New Brunswick. E. norvegica also entered the mouth of the
St. Croix River to abreast of St..Andrews on February 23, 1917 (Willey, 1921),this
being the only record of its presence in any estuarine 'situation tributary to the Gulf
of Maine. Our failure to take this species at any of the stations in the deep eastern
and northern channels is instructive in connection with the possibility of its immi
gration into the gulf.

. Although the geographic range of E. norvegica follows the continental edge as
far as the longitude of Delaware Bay (p. 232), it has been found at only about 50 per
cent of our deep stations abreast the mouth of the Gulf of Maine, and only once
(the station noted, p. 232) beyond the longitude of Nantucket in this direction,
although a number of hauls were made along the slope southward to the latitude of
Chesapeake Bay in the summers of 1913 and 1916. Longitude 700 may therefore
be set as about the western boundary to its regular presence along the North.Ameri
can coast.

. It In explanation I milypoint out that only the deepest half of a vertical haul from 200meters is likely to take Euchlllta.------------....,-----------------....,----



234 BULLETIN OF THE BUREAU OF FISHERIES

Records of E. norvegica along the slope westward and southward from the
eastern channel have all been from deeper than 100 meters, and this southward
extension of its range is probably only a narrow zone above the 500-meter level
perhaps not more than 20 to 30 miles wide-sandwiched in between the continental
slope on the one side and the high temperatures offshore on the other. The recent
discovery of this copepod living at 1,000 to 1,250 meters at two Michael Bars stations
in the Sargasso Sea west of the Azores, however, between the fortieth and fiftieth
meridians of longitude (Murray and Hjort, 1912, p. 657), makes it probable that it
Will be found widely distributed over the whole Atlantic basin in the deeps, like the
chretognath Eulcrohmia. hamata, withwhich it is often taken.

The presence oiE. norvegica at six out of our seven deep stations off the slopes
of Georges' Bank and off Shelburne, Nova Scotia, during the spring of 1920 (not
found at station 20109), but at only three of our five summer stations outside the
continental edge abreast the gulf, and at none of our July, August, or October stations
off Marthas Vineyard, indicates a distinct seasonal periodicity in this part of its
range, with its maximum abundance in the cold months; but one of these spring
stations' (20069, March 12, 1920) yielded it in greater numbers per square meter
(about 7,750) than any vertical haul yet made within the Gulf of Maine.

Actual numbers.-Although E. norvegica often gives character to the catches of
the deepest horizontal hauls because of the scarcity of other copepods, it has averaged
only about 930 per square meter for all seasons and at all the stations where it figures
in the lists for the vertical hauls, with maxima of 4,690 in the eastern basin on August
6, 1915 (station 10304), and 7,750 off the southeast slope of Georges Bank on March
12, 1920, as just noted (station 20069). The average for June 'to September within
the gulf (about 1,200 per square meter) has been slightly above the annual average,
and that for February to May slightly below it (about 800), but so small a difference
can not safely be interpreted as evidence of any notable seasonal fluctuation in the
numerical strength of the species.

The density of aggregation, as measured by number per cubic meter, is lilfe
wise invariably small. Assuming that all the specimens taken in hauls deeper than
100 meters came from below that level, as most of them certainly did, themaximum
per cubic meter would be less than 50 and the average something like 10; but this is
probably an overstatement, because some few Euchreta were shoaler-that is,
scattered through a longer column of water. -

In terms of percentage E. norvegica has invariably ranked low in the vertical
hauls, its maximum being 20 per cent off the southwest slope of Georges Bank, Feb
ruary 22, 1920 (station 20044), and 10 per cent on several occasions within the gulf
(tables, p. 297), where its average for all the verticals has been about 4 per cent. But
it occasionally dominates the catch in the deepest horizontal hauls at or below -150
meters (e.g., closing-net haul at 85 to 60 fathoms, August 29, 1912, station 10043),
and on several occasions it has amounted to 30 to 50 per cent of the copepods taken.
At times, however, we have found only 2 per cent or less of Euchretain hauls as deep
as 175 to 250 meters (table, p. 304).

Vertical distribution.-Perhaps the most interesting phase of the status of E.
norvegica in the gulf is its vertical distribution, for, unlike most ofthe other common
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local copepods, it is most characteristic of the deepest water there. As just pointed
out, it has been taken in the great majority of the horizontal hauls below 100 meters,
and as a general rule it may be stated that the deeper the haul the more certain it is
to yield Euchreta, and in the greatest numbers, both absolutely and relative to other
copepods. During the July and A.ugust cruises of 1913, for example, it was taken
more abundantly at "90-0 fathoms at station 10100, 80-0 fathoms at stations
10088 and 10097, 75-0 fathoms at station 10090, 70-0 fathoms at station 10061"
(Bigelow, 1915, P: 292) than in any of the shoaler tows. The use of closing nets is
requisite for more definite information on this point, because the open tow nets often
pick up such large amounts of Calanus and other copepods in their journeys up and
down that it is impossible to estimate the relative abundance of Eucheeta and Calanus
at the towing level.

In contrast with the frequency with which E. norvegica occurs in the deepest
Gulf of Maine hauls, it is usually wanting in tows shoaler than 100 meters, which
establishes that level as roughly the upper limit toits regular range. Among the
several hundred hauls at lesser depths with various nets it has been detected in only
20 of the horizontals 30 and 7 verticals (tables, pp. 297 and 299) and only twice shoaler
than 40 meters; and the fact that on at least two of these occasions it was about
equally abundant at 60 meters and in considerably deeper hauls is evidence that E.
norvegica reaches the upper strata of water as the result of temporary dispersals and
not by a general ascent on the part of the whole local stock. On six occasions it has
been taken on the surface in various parts of the gulf, as follows: (1) 12 miles off
Mount Desert Rock, August 16,1912; at 3 a. m, (station 10032); (2) in the northeastern
part of the basin off the mouth of the Bay of Fundy, A.ugust 13, 1913, 2 a. m. (station
10097); (3) near the same locality, August 12, 1914, 10p. m. (station 10247); (4) west
ern basin, August 22, 1914, 8 P: m. (station 10254);(5) in the southwestern part of
the basin, the following night, IIp. m. (station 10256); and (6) Fundy Deep, March
22, 1920,2 P: m.(station 20079). It.will be noted that these localities extend right
across the gulf from northeast to southwest-that is, they do not suggest that Euchreta
comes more often to the surface in the northeastern corner of the gulf, where vertical
lUixing by tidal currents is most active, than in the more stagnant and stratified and
\"ertically stable waters off Massachusetts Bay and Cape Cod. More extensive data
may prove that a local difference of this sort does actually obtain; indeed, it is to be
expected. Neither does the evidence available suggest that Euchreta rises to the
.surface more frequently during the winter or spring than in summer, for it appeared
in only one ofthe 55 surface tows for February-May, 1920 (table, p. 303). The times
of day for the several surface captures of E. norvegica, if corroborated, would indicate
that in summer it makes its rare visits to the surface only at night, but that in
early spring (probably also in winter) it may do so at any hour. .

Damas and Koefoed's(1907) characterization of E. norvegica as a form living
mostly in midwater but occasionally appearing at the surface applies as well to it in
the Gulf of Maine as in the Greenland seas. E. norvegica has been found in small
numbers at the surface in most other regions where it occurs regularly. This, for
---------------------------------

!O WllIey (1921) also reports Euchmta at about 20meters olI Eastport and near the surface at St. Andrews.
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J1 One record trom the Kattegst Is mentioned by Farran (1910).
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32 to 33 per mille are an effective barto its wanderings, and its distribution in the
Gulf of Maine is consistent with this.

Economic importance.-E. norvegicahas been considered as of comparatively little
economic importance in the northeastern Atlantic because of the considerable depth
of its habitat. But it occurs regularly within reach of at least one of the important
plankton-eating fishes in the Gulf of Maine, for Willey (1921) found the stomach of
an American pollock (Pollachius virens) densely packed with a mass of Eucheeta and
euphausiid remnants in about equal amounts, the percentages of different copepods
which he tabulates-84 per cent Euchseta,' 3 per cent Oalanus fi,nmarchicus, 2 per
cent O. hyperboreus, and 1 per cent Metridia longa-suggesting that the fish had
voluntarily selected theEucheetee in preference to the smaller O.finmarchicus, which
was probably far the more plentiful of the two.. Another pollock opened by him
had also eaten Euchreta. To what extent mackerel and the several species of her
ring feed upon it in the gulf is not known, but it is likely to be an important article
in their diet when it rises toward the surface.

Euchoota spinosa Giesbrecht

This species, known from localities in the North Atlantic, Mediterranean,
Indian Ocean, and Pacific (Giesbrecht, 1892; van Breemen, 1908; Thompson and
Scott, 1903; Esterly, 1905), has been reported from surface collections off Nausett
Beach, Cape Cod, and off the northern extremity of the cape by Sharpe (1911,
p. 410), but it has not appeared in any of the more recent. towings in the gulf or in
Canadian Atlantic waters. .

Eucheirella rostrata (Claus)

This is an oceanic species, widespread in the temperate Atlantic (Cleve, 1900i
T. Scott, 1911) and common on the Pacific coast of the United States at San Diego,
Calif. (Esterly, 1905 and 1911)·. It has been recorded at several stations along and
outside of the continental edge off Chesapeake and Delaware Bays .and off New
York (Bigelow, 1915, p. 296; 1922, p. 147), abreast of Georges Bank (stations 10218
and 10219), and thence eastward and northward along the slope of the Nova Scotian
shelf and in the Laurentian channel (Willey, 1919,p'. 189, fig. 9). Although this cope
pod is not typically tropical,it enters the Gulf of Maine as a visitor from the mid
depths along the inner edge of the "Gulf Stream," and its locality records, like
those. for-other planktonic organisms of that category, are localized in the .e~stern

side of. the gulf and around its periphery (fig. 71). The station .records number 13,
all but 40f them being for July and August-2 for May, l,fo1' June, and 1 for
September.. Evidently the species is most apt to enter the gulf during the .warm
lUonths, and apparently it does not do so at all, in, the low temperatures of late
autumn, winter, and early spring.. " .

All records of the species off the east coast of America have beenfrom depths of
50 meters or deeper, and the ,Gulf of Maine records are all based on occasional
specimens.
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Eurytemora herdmani Thompson and Scott

This species is known only from the coasts of North America. It was originally
described from the lower reaches of the St. Lawrence River below Quebec (Thompson
and Scott, 1898), and has since been found in the Gulf of St. Lawrence (T. Scott, 1905;
Willey, 1919), on the Bering Sea shore of Alaska and Arctic shores of Canada(Willey,
1920), in the Gulf of Maine, at Woods Hole (Sharpe, 1911; Fish, 1925), and in Nar
ragansett Bay (Williams, 1906 and 1907).

In the Gulf of Maine it probably occurs in all harbors, having been taken at
Gloucester, Rockport, Kittery (Esterly, in Bigelow, 1914, p. 116), and at St. Andrews,
where Doctor McMurrich S2 found it regularly throughout June, July, August,
September, and October, occasionally in February, April, and May, but not at all
in November, December, or March. Willey (1919 and 1921) also records it from
one station in Passamaquoddy Bay in September, 1915, and again on November
2, 1916. Altogether we have eight records of this species in the open Gulf-off
Boston Harbor and off Boothbay Harbor on July 13 and 26, 1912 (stations 10006 and
10016); in the western and eastern basins on August 31 and September 1, 1915
(stations 10301 and 10309); off the Isles of Shoals on October 4, 1915 (station 10325);
western basin and southeast slope of Georges Bank on March 24 and April 16, 1920
(stations 20087 and 20109); and off Boston Harbor on December 29, 1920 (station
10488). Never more than a few specimens have been taken at any offshore station.

JUdging from these records, it seems that Eurytemora herdmani is characteristio
of estuarine situations and perhaps also of brackish water all around the coast line of
the gulf, but that such specimens as drift offshore are equally able to survive in the
open sea, and so are as apt to be met with in one part of the gulf as another and even
out to the continental edge. But being so scarce everywhere in the gulf away from the
close vicinity of the coast, it is not likely that this species breeds successfully there
outside the outer headlands. McMurrich's observations point to the summer and
early autumn as its season of maximum abundance, and winter and early spring
as its minimum abundance in Gulf of Maine harbors and river mouths, but at Woods
Hole Fish (1925) found it regularly in winter as well as summer. .

Gaid1us tenuispinis Sars

This is an Arctic and North Atlantic species recorded from many stations in the
polar basin (under the ice, Sars, 1900), from the seas between northern Norway and
Jan Mayen, Spitzbergen and Greenland; around Iceland; along east and west Green
land and in Davis Strait;S3 and Esterly (1911) had one specimen in a vertical tow frOID
325 fathoms at San Diego, Calif. In the eastern side of the Atlantic it occurs south
ward regularly to the Iceland-Farce and Faroe-Shetland channels.. There are a few
records from the Norwegian sea, from north and east of Scotland, and from deep
water southwest of Ireland (Murray and Hjort, 1912, P: 655). In the polar sea it has
been taken at the surface in latitude 85° N. (Sars, 1900). All other records of it have
been from considerable depths, varying from 100 to 1,000 meters. -.. In his unpublished plankton lists.

II For more detailed statements ofIts occurrence In northern seassee Bars (11100), MrAzek (11102), Damas and Koefoed (1007),
Farran (1910), and especially With (1915).
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On the American side Willey (1919) lists it at one station in the Gulf of St. Law
renee and one just outside the continental edge-of Le Have Bank off Nova Scotia, and
the Michael Sarshad it near Flemish Cap, east of the Grand Banks. Wolfenden
(1911) has described as this species a Gaidius from the Antarctic and off the Cape of
Good Hope, but differences which he mentions, though slight, may prove sufficient to
differentiate the northern from the southern form when larger series are compared;
hence the bi-polarityof the species can not be accepted yet as definitely established
(With,1915). G. tenuispinis has not been found in the Pacific, where a closely allied
form, G. pungens (Giesbrecht), occurs in lower latitudes.

There are no previous records of G. tenuispinis in the Gulf of Maine or farther
south in the western Atlantic, but odd specimens were taken in the vertical hauls
off Penobscot Bay on April 10, 1920 (station 20097),and again on January 1, 1921
(station 10496)-about 6 specimens on the first occasion and 15 on the second. It
also figures (1 per cent) in the list of copepods taken at the outermost station outside
the continental edge off Shelburne, Nova Scotia, on March 19, 1920 (station 20077,
table, p. 300). Evidently G. tenuispinis reaches the gulf, which is its extreme southern
limit on the American coast, only as an accidental stray from the north, and is more
apt to do so during the cold half of the year than in,summer.

Hallthalestris croni (KrS'5yer)

This is one of the largest of harpacticoid copepods and one of the few represent
atives of the group recognized in the plankton of the open Gulf of Maine by Doctor
Esterly (in Bigelow, 1914, p. 115; 1915, p. 287; 1917, p. 290) or by Dr. C. B. Wilson
(tables, p. 207), and atWoods Hole byFish (1925, p.146). Itis widely distributed in the
North Atlantic, being known on the European side from the Bay of Biscay northward
to the Faroe Channel, Iceland, Spitzbergen, and north of Norway, including the
English Channel and the northern part of the North Sea. On the American side it has
been reported at several stations in the Gulf of St. Lawrence (Herdman, Thompson,
and Scott, 1898; Willey, 1919), in the Straits of Belle Isle (Herdman, Thompson, and
Scott, 1898), in the Gulf of Maine, and at Woods Hole, but as yet not farther south.

Gulf of Maine.-Previous records for the Gulf are two hauls in the central basin
in JUly,'1894;s4 St. Andrews, September, 1915 (Willey, 1919); and occasional specimens
l1:I.entioned for that locality during the months of November, January, and Aptil: in
Doctor McMurrich's lists of the local plankton (p. 12). H. croni was not detected in
the numerous horizontal hauls for the years 1912 to 1914, reported on by Doctor
Esterly, probably because entirely overshadowed by the masses of Calanus and other
calanoids; but the vertical and surface haulsfor 1915,1920, and 1921 (tables, pp.297,
299 and 304) extend its range over the Gulf ofMaine generally, including the coastal zane
~nd the basin indifferently, to the eastern part. of Georges Bank and to the continental
slope off its southwestern face. (fig. 74). It has. not yet been found on the western
Part of the bank or off Nantucket, but judging from its widespread distribution in the
gulf it is to be e~;pected there. The records cover the months of March, April,May,
June, Augu~t,'September;and January, proving that it is 'present in the gulfthe year
~:" ." _ .• _ .. - ... -,'.11· " ..... ' •. ".- '.'. -'-'.

Grail Listedby Sharpe (1011) from latitude 42' 06', longitude Q8' 40', and latitUde. 42' 07', IOllgltude70' 08',and collected by the
mpUB.

75898-26-16
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round, with 12 station records for March, 7 for April, 3 for May, and only 1 or 2 for
each of the remaining months. On its face this seasonal distribution of the records
would suggest that H. cToni is most widespread during the spring, and so scarce during

...

n'

... •+

88' 88' 87' ee'

, ,

FIG. 74.-0ccurrence ot the CopepodHalithalutrla cronl. •• locellty records. Deoember to May; X. J'uneto November

October that all the hauls missed it; but this conclusion may need modification wheJl
0. greater number of surface hauls for the autumn have been examined. We ha'V"e
taken it in gre.atest abundancelocally in August.
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No seasonal localization of the species in one region or another is demonstrated
within the gulf. In other seas H. croni has usually been taken at or near the surface,
and the Grampus specimens of 1894, just mentioned, were likewise from hauls at or
near the surface. Similarly, this copepod occurred in about 25 per cent of the
surface hauls during the spring of 1920,but only in about 12 per cent of the verticals.
Evidently it lives chiefly close to the top of water, but the fact that seven verticals
took it at April and May stations when the surface net missed it, although the latter
filtered much the larger volume of water, is evidence that its vertical range extends
down at least for some few meters and possibly to a considerable depth. No infer
rnation is available as to its presence or absence on the surface in the gulf during the
rernainder of the year.

H. croni has never been more than a very minor factor in the copepod fauna of
~he gulf, as revealed by the tow net. At the stations where it has been recognized
It has averaged only about 1 per cent of the copepods; at the most 5 per cent. The
numbers per square meter at the stations of record for the species have varied from
a mere trace to a maximum of about 2,300 (station 10304,August 6,1915). Although
S. croni was taken at more stations during the spring months than in summer, the
numbers per haul were less (average less than 150 per square meter for March,
April, and May; maximum about 277) than in A.ugust,when there were 1,700 and
2,300 per square meter at the two stations (stations 10304 and 10309; table, p.298);
but it is not safe to draw conclusions as to the numerical fluctuations of the species
from so few hauls. '
. . Dr. C. B.Wilson, in a letter, speaks of the egg sacs of the females; therefore
It IS to be presumed that this copepod is endemic in the gulf, but no observations have
Yet been made on its season of 'reproduction there.

Harpactlcus l1ttoral1s G. O. Sars

, This is a littoral species, known from the south and west coasts of Norway,
Where it is usually found in very shallow water, especially at the heads of flat, sandy
creeks, and about Great Britain." H. littoralis has not been reported previously
frorn the Americari coast under its own name, but it ispossible that it was included
a~ong the H.chelifer recorded by Sharpe (1911) from Woods Hole and from the
~cinity of New York.

At St. Andrews Doctor McMurrich lists H.littoralis occasionally between Decem
ber 12 and March 28, rather more frequently but always in small numbers during
April and May (about 45 per cent of the stations), and not at allduring the other
:months.

Judging from its littoral nature on the other side of the A.tlantic there is no reason
~? ~uppose that it ever becomes planktonic outside the outer islands in the Gulf of
L'[ame; but probably tow nets would take it in most of the harbors north of Cape
~ at some stage of the tide.

II See Sars (l\lO3-1911) for the history of this speoles,previously confused with H. chell/trMlIllar.
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Harpacticus uniremis Kr¢yer

. This harpacticoid becomes planktonic only occasionally or accidentally but nor
mally lives onthe bottom-according to Sal's (1903-1911) on muddy bottom in 20 to 100
fathoms. Tlie localities of capture which he quotes from various earlier authorities
include the Scottish coast, Norwegian coast, Spitzbergen, Bear Island, polar sea
north of Grinnell Land, and Bering Sea. Williams (1907) has also recorded it from
Narragansett Bay and from the brackish Charlestown Pond in Rhode Island, Fish
(1925) at Woods Hole, and the Canadian Arctic expedition collected it in surface
tows at two localities off southern Alaska (Willey, 1920). .

Doctor McMurrich, in his plankton lists, records this species occasionally at
St. Andrews in December (one haul); in five hauls between March 28 and May 19;
twice in June; not at all during the later summer or autumn; and Willey (1923)
reports it from the stomachs of winter flounders (Pseudopleuronectes) caught there.
In this region of violent tidal circulation it is perhaps swept up from the bottom by
the active stirring of the water. It has not been taken in the open Gulf and is hardly
to be expected there in the plankton.

Heterorhabdus spinifrons (Claus)

Dr. C. B. Wilson contributes the following note on this species, which" is easily
recognized by the asymmetry of the caudal rami and by the excessive length of one
of the apical setre attached to the left ramus. In the plankton taken continuously
across the Atlantic by Herdman this species was found sparingly between mid-ocean
and the Canadian shore, and hence is found considerably north of the Gulf of Maine.
During the Ohallenger expedition it was taken at several widely separated stations
in the North Atlantic, and at one place in the South Atlantic from a depth of 2,650
fathoms (Brady, 1883). Thompson and Scott (1903) have reported it in the Medi-

. terranean, in the Indian Ocean, and near Ceylon. Esterly (1905) obtained only a
single female of this species from the plankton at San Diego on the Pacific coast,
and incidentally one or two specimens of three other species of the genus. In-the
~ulf of Maine' it was obtained in only two vertical hauls-one in the open ocean
sbptheast of Georges Bank and the other outside of Boston Harbor. The first haul
was made on March 12, 1920, and this species had a percentage of four in the catch.
The second haul was made on May 4, 1920, and spinffrons formed only 1 per cent
<>! the catch. In none of the reports here enumerated was it found in any numbers,
and the four per centmentioned [indicating an absolute abundance of about 3,100
per square meter] is about its maximum anywhere."

In the Gulf of Maine it may be classed as an accidental visitor from warmer
fwd.more oceanic waters offshore.

Idya furcata (Baird)

Sharpe (1911, p. 417) describes this as "perhaps the commonest and most
widely distributed of all the Harpactoida." Probably it will eventually proV'e
cosmopolitan in suitable situations, being recorded from widely separated localities
in the Arctic Ocean, including the Alaskan shore of Bering Strait and the Arctic
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coast of Canada (Willey, 1920), and from north European coasts generally inward
to the mouth of the Baltic. Brady (1878-1880) calls it ubiquitous around Great
Britain, and Sars (1903-1911) names it the commonest of Norwegian harpactoids. It
occurs in the Mediterranean and Red Seas and about New Zealand and the Chatham
Islands in the Pacific." Like most of its group it chiefly inhabits the littoral zone,
among seaweed, often in tide pools, and only occasionally, perhaps accidentally, it
becomes pelagic out at sea.

In northeastern American waters it has previously been reported from Narra
gansett Bay, Rhode Island (Williams, 1907), and from Woods Hole, where Sharpe
(1911) collected it in summer, both among floating algre and eel grass (Zostera) in
water about 10 fathoms deep and in the so-called" eel pond," an inclosed tidal pool.

At St. Andrews, Idya, like other Harpactoida, is perhaps swept up into the upper
waters by the violent tides. Doctor McMurrich lists it three times between January
26 and March 28; in nearly 50 per cent of the hauls from March 28 to May 19; and
in 25 per cent of the hauls from May 20 to July 6; but not at all during the later
summer, autumn, or early winter. It has not been detected in the plankton of the
open gulf and is hardly to be expected there except perhaps as a stray from the
littoral zone with the masses of eel grass (Zostera) and rock weed (Fueus) so often
seen drifting on the surface.

In estuarine situations, where this little copepod is plentiful, it may be an
important article of diet for fishes, Willey (1920, p. 35) having found it in abundance
in the stomach of the winter flounder (Pseudopleuronectes) at St. Andrews.

10 Sars (1003-1911)and Sharpe (1911) summarize Its distribution as known.

Labidocera oostiva Wheeler

. This species was described by Wheeler (1901) from Woods Hole, where he found
It very common in the tow during June and September, and where Parker (1902,
p. 103) speaks of it as "one of the commonest species." Williams (1906 and 1907)
did not find it in Narragansett Bay nor Fowler (1912) off New Jersey, but Dr. C. B.
Wilson writes me that it is "in considerable numbers along the Atlantic coast south
of New England," and in August, 1916, it was taken at three stations off the mouth
of Chesapeake Bay (Bigelow, 1922, p. 146). Fish (1925) had it at Woods Hole
from June through November. Up to the present time it is known only from the
American side of the North Atlantic.

The only previous records of it from east or north of Cape Cod are T. Scott's
(1905) mention ofit in the Gulf of St. Lawrence and Willey's (1919) two citations of
it in Northumberland Strait and between Prince Edward Island and Cape Breton
!sland in the Gulf of St. Lawrence, but the towings of 1920 and 1921 extend its range
Into the Gulf of Maine.
. There are only three records for it in the Gulf of Maine-that is, western
oasin, March 24, 1920 (station 20087); off Penobscot Bay, April 10, 1920 (station
(20097); and again on January 1, 1921 (station 10496)-always in minimal amounts.
:rhus it is evidently very rare in the gulf, and probably only a straggler there from
Its center of abundance in the Woods Hole region. This species, having no constant
place in the local plankton, is chiefly interesting here as the subject of Parker's (1902)---e-- -'- _
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experiments on the vertical migrations of copepods, which lead to the conclusion that
while it is at all times negatively geotropic-that is, tends to swim upward against
gravity-the phototropism of the females, whether positive or negative, depends
upon the intensity of the light, weak attracting and strong repelling them, whereas
the males show a weak negative phototropism under all conditions. Thus, he
concludes, the females may be expected to rise with the setting sun, as the light
weakens, and to descend again after sunrise, when they become positively photo
tropic enough to counteract their negative geotropism. The males, he believed,
follow the females because chemically attracted to them. What little is known of
the vertical movements of Labidocera at liberty in the sea conforms to this schedule,
for Parker found them at the surface from sunset to sunrise.

This species is an important article of diet for copepod-eating fishes farther
south, writes Dr. O. B. Wilson, but probably it is never sufficiently plentiful for this
in the Gulf of Maine.

Lucicutia grand.1s Giesbrecht 87

This species was founded on a single male specimen obtained off the west coast
of South America just north of the Equator. The two Gulf of Maine specimens
are interesting because there has been no subsequent report of it except one female
from the North Atlantic doubtfully referred to it by Wolfenden (1904). The Gulf of
Maine collections contain two males from a vertical haul from 1,000-0 meters off
the southeast slope of Georges Bank, March 12, 1920 (station 20069), indentified by
Dr. O. B. Wilson (table, p. 299).

Metis ignea Philippi

This small, brilliant, blood-red harpacticoid, originally described from the Medi
terranean, has since been redescribed as ({ flyopsyllus coriaeeue" from the Irish coast
by Brady (1883) and by Brady and Robertson (1873); Sars (1903-1911) also found it at
several localities on the coast of Norway. M. ignea has not been reported definitely
from American waters, but Williams's(1907) "nyopsyllus natans"from Narragansett
Bay is a very closely allied form, if not identical, as Sars (1903-1911, p. 346) suggests.
So, also, is the" I. sarei" described by Sharpe (1911) from Woods Hole. Brady and
Robertson described M. ignca as living among black peaty mud and roots of seaweed
near high-tide mark; Sars also found it in moderate depths on a muddy bottom amid
decaying algee, and Sharpe (1911) took his sarsi among floating alges at Woods Hole.
Another species of the genus M. holothurire .88 was taken from a holothurian, On
the other hand, Williams (1907) described his natans as swimming at the surface 'in
Narragansett Bay, so that the genus is both bottom dwelling and planktonic.

The Gulf of Maine records of M. ignea, nine in number, are for the months of
December, March, April, May, June, and October, proving it present the yea~

round with no definite seasonal maximum, and always in numbers so small that no
haul yielded more than a few specimens. At the most it was 1 per cent of the
copepods, meaning about 20. to 28 specimens per square meter, and usually only
one or two were detected per haul. ' .

Ii Originally described by Giesbrecht (1895) as Leuckartla oramllB, but this generic name beingpreoccupied he lllter (Olesbrecbt
lIIld schmeH, 1898)replaced it by Luclcutia•

.. Described by Edwllrds(1891) as Abaco!a holothurlfl.

-..,..-------------------------------.-----
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All but two of the records are inshore from the generall00-meter contour
that is, off Boston Harbor (stations 20089, 10488, and 10505, April 5 and December
29, 1920, and March 5, 1921); outer part of Massachusetts Bay (station 10323,
October 1, 1915); near Chatham,Cape Cod (station 10336, October 26, 1915); near
Mount Desert Island (station 10286; June 14, 1915), and on German Bank (station
10271,May 6, 1915)-.but one of the stations of record lies in the central part of the
basin (station 20114, April 17, 1920) and another outside the 100-meter contour off
Cape Cod (station 20116, April 17, 1920). The locations of the severalIooality
records are not such as, to suggest that the specimens in question had been swept up
from the bottom by some current, for most of them are in regions where vertical
currents are comparatively weak; and it is significant that M. ignea was not taken
at any of the stations where the surface tows contained sand brought up by active
stirring of the whole column, of water. It may therefore be concluded that in the
Gulf of Maine this copepod is regularly planktonic in small numbers; but judging
from its habitat in 'other seas it is also to be expected on the bottom (in, shoal
water,and probably in greater abundance.

The data of capture point to the upper 100 meters as the habitat of this species
Where it is planktonic, probably because this covers the normal depth zone of the
stock living on the bottom, some of which take to, a pelagic life. It will be noted,
however, that none of the surface .hauls made during the spring of 1920 took it, this
negative evidence suggesting that it is more apt to be at some little depth than
close to the top of the water. No observations have been made on the breeding of
this species.

Me(lynocera clau,si J. C.Thom.pson

Dr. C. B. Wilson contributes-the following note on the general geographic range
of this species:

The original specimens 'were obtained near the Canary Islands and at Malta, to which localities
Giesbrecht (1892) has added Naples and the tropical Pacific from the surface to a depth of 1,000
meters. ThompsonaiId Scott (1903) reported the species from the Red Sea and throughout the
Indian Ocean, Wolfenden (1905) .among the Maldive Islands, and A. Scott (1909) in the Malay
Archipelago. Wheeler (1901) obtained a single specimen from the Gulf Stream 70 miles south"
of Marthas Vfneyard, and Esterly (1905) found the specles at San Diego on the Pacific Coast.
Esterly's specimens were taken on December 30,while Wheeler's were captured July 25. It is thus
very Widely distributed but does 'not seem to occur anywhere hi any but small numbers. This,
ooupled with its small size, makes it of practically no 'economio importance.

Except for Wheeler's specimen just mentioned, this species had not been taken
anywhere along the Atlantic coast of North .America, hence its presence at three
stations in the Gulf of Maine in September, 1915-onenear Cape Elizabeth on the
20th (station 10319) and two in Massachusetts Bay on the 29th (stations 10320 and
10321)-is interesting as extending its known range.

" .

Metrldilt longa (LUbbock)

'Thiebrillientlyphoaphorescent copepod is a true Arctic species, though its distri-,
~utioninthe Gulf of Maine suggests-that Farran's (1910, p.70) characterization of
It as "probably the most typically arctic copepodof whose-distribution there is any
accurate knowledge" needs some modification! Exceptfor one record from the
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Indian Ocean (van Breemen, 1908), it is known only from the North Atlantic and
polar oceans. It is commonly distributed over the parts of the polar basin crossed
by the Fram on her famous drift (Sars,1900); in the Kara Sea; between Norway,
Spitzbergen, Greenland, and Iceland; and southward regularly to the Greenland
Faroe and Farce-Shetland channels. It is widespread in the Norwegian sea, nu
merous in the deeps of the Norwegian fjords, and occurs southward to the Skager
Rak, where it is usually present in fair numbers. There are isolated records of it
in the central part of the North Sea, and it has been taken to latitude 550 23' N.,
longitude 1106' W., west of Ireland (Wolfenden, 1904), this being the most southerly
record of it off Europe.

On the American side it is recorded from Baffin Bay and from the Arctic coasts
of Alaska and western Canada (Willey, 1920), hence is no doubt circumpolar. On
the east coast of North America the Canadian fisheries expedition found it wide
spread in the Gulf of St. Lawrence, over the continental shelf along Nova Scotia,
and outside the neighboring continental slope, but, curiously enough, not at all in
the Green Bank-St. Pierre Bank region off Newfoundland. It also occurs with some
regularity in the Gulf of Maine and over the shelf south of Marthas Vineyard, which
so far as known is its most southerly outpost along tbe eastern seaboard of America.

Distribution in the Gu?f of Maine.-M. longa was not recognized at any of our
stations in the gulf during the summer of 1912 or the following winter, nor can it
have been other than very rare during that period, if actually present at all, for Dr.
C. O. Esterly examined many samples of the copepods. In July and August, 1913,
however, he detected it in small numbers at four stations east and north of Cape Cod
(20 per cent of the stations). In the summer of 1914, as in 1912, not one was de
tected in the gulf, or for that matter along the outer coast of Nova Scotia, although
special watch was kept for it; and if not actually altogether absent from the gulf
then, it must at least have been extremely rare, for it is so easily distinguishable in
general body form from its relative M. lucens that it could not have been overlooked
had it occurred in such numbers as we have subsequently found in the gulf. Tlfe
year of local abundance for it was 1915, when it was detected in vertical hauls at
about 65 per cent of the stations right. through the season from May to October.
It again dropped wholly out of sight in the gulf in the summer and early autumn of
1916, when it was not found in the preliminary examination of any of the hauls
(Bigelow, 1922, p. 147), although this was a very cold season, which is evidence that
the low temperatures of that summer were reminiscent simply of extreme winter
chilling and of tardy vernal warming resulting from local climatic conditions, and not
due to any unusual flood of cold northern water. A few M. longa must, however,
have existed in the gulf during the autumn of 1916, for Willey (1921) reports it as
occasional at St. Andrews on November 2 and December 8 of that year, with a scatter
ing of it in the tow on February 23, 1917.

Owing to the interruption of all oceanographic research in the open gulf by the war,
no information is available as to the local status ofM. Zonga during the remainder
of 1917, 1918, or 1919, but it occurred in 81 per cent of the vertical hauls during the
spring (March to May) of 1920 and at 90 per. cent of the stations during December
of that year and in January-and March of 1921 (tables, pp. 299, 304). Thus it
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is evident that M. Zanga fluctuates widely in the gulf from year to year, being ex
tremely rare, if not altogether absent,in some years but widespread in others. The
years 1912 and 1914 and the summer of 1916 were periods of scarcity, while 1915,
the winter of 1916-17, and 1920 were times of plenty. The relationship of tempera
ture to these annual differences is discussed below (p. 252).

SeasanaZ distributian.-During the years 1915, 1920, and 1921, which may be
taken as representative 'of the periods when M. Zanga is at a maximum in the gulf,
it was taken at the following percentages of the stations:

Months Percentage Months Percentage
of stations of stations
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This suggests that on the whole M. Zanga is apt to be found most widespread
in the gulf during the late autumn, winter, and early spring, and least so during the
SUlnmer and early autumn. The low percentage of stations at which it was recog
nized in February, 1920 (only station 20046), would upset this rule were it a regular
annual phenomenon; but it is more likely that that month marked the beginning
?f a period of abundance which endured throughout 1920, and that still fewer stations,
If any, would have yielded it during the preceding January or December. In fact,
a February station was most prolific of this species at St. Andrews during the winter
of 1916-17, as noted above (Willey, 1921).

Seasonal fluctuations in the actual abundance of ¥. Zanga, as reflected in the
nUlnbers of specimens per square meter, did not parallel the seasonal rise and fall in
the percentage of stations at which it occurred, itbeing much more plentifulin the
'V"ertical hauls in August and October than from March to June or in September of
the years 1915 and 1920, as shown in the following table:

Average Average Average Averagenumber number
per square number per square number

Date meter at per square Date meter at per square
stations meter, al1 stations meter, all
where It stations where it stations
occurred Included

occurred Included

iyh,1920-----.------. ___ ._. ___ •• __ 000 692 August, 1915.• _____...._••••_
h

••• ___ • 14,850 13,637

ry 'd:~gaii.ifi92ijcoiiibiii.iid).:::::::
1,650 1,429 September, 1915.__.._____ ••• _........ 2,453 1,533
2,504 1,808 October, 1915•••• ____... ___... __ •••• __ 8,601 7,280

e,1915••• __ • __ •• _••• _•••••• __..... 3,193 1,652

=

It is unfortunate that only four vertical hauls were made during August, 1915,
When the species averaged so much more plentiful than we have ever found it before
Or since in the gulf. It may have been only a chance that the net hit local swarms,
and m.ore vertical hauls might have proved barren of M. Zanga, thus reducing the
lUonth's average. However,. the fact that this northern species should have been
So plentiful (from 10,300 to 23,400 per square meter) at three late summer stations
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when the temperature was near the maximum for the year, and at localities as
widely separated as the eastern basin (station 10304), the mouth of Massachusetts
Bay (station 10306), and the western basin (station 10307), is an interesting and
an unexpected find, for we have seldom found more than two or three thousand
per square meter even during its years of abundance.

The numbers per square .meter can not be stated for December, 1920, and
January, 1921, when M. Zonga was nearly universal in the northern parts of the
gulf, for want of vertical hauls; but although the percentages of M. Zonga among
copepods as a whole averaged larger then than in any other month except August
(table, p. 304), the total catches of copepods were so scanty that the number of speci
mens concerned was small. Even during its periods of maximum abundance M.
Zonga has never been more than a minor element in the total copepodpopulation
of the gulf, the average percentages in the vertical hauls for 1915 and 1920 combined
being as follows at the stations at which it occurred:

-
Months Average Months Average

percentage percentage

February_________ C______ n ____uu...._._. __ uu. 10
June _n. ,_________________________________________ 9March ______________________ . _____________________
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If the stations at which it was not taken be counted in, the February percentage

is thereby reduced to 2 per cent, August to 12 per cent, and percentages f()rall the
other months byl to 3 per cent. The table suggests' that in, its years of abundance
in the gulf M. Zonga is relatively least important in the plankton at seasons when
the Calani are most plentiful, irrespective of fluctuations in its, own numerical
strength and in the generality of its distribution over the gulf. , , '

VerticaZdistribution.-In the polar basin north, of Europe and Asia M. Zonga
seems indifferently distributed from the surface downward to 300 meters (Sars,
1900), and Nordenskiold (1882) has given an interesting account bf its occurrence
in great abundance along the tide line in water-soaked snow in Spitzbergen. '

Passing southward in the eastern Atlantic, European observers have described
this species as tending to keep, deeper and deeper. Thus, it occurs chiefly between
50 and 200 meters in the seas between Spitzbergen and Greenland, though to soIlle
extent at the surface (Damas and Koefoed, 1907); in the Norwegian seas (DaIllaS

and Koefoed, 1907) and fjords (Sars, 1903) it has been taken in greatest number
below 200 meters, rarely at the surface; chiefly below 300 meters between the Faroes
and Iceland (Damas and Koefoed, 1907); and its most southerly record-west of
Ireland-was from 540 to 720 meters (Wolfenden, 1904).

It likewise occurs more' regularly in the deeper levels than at the surface off
the Americancoast,figuring in only 30 pel' cent of the surface hauls in the 'Gulf
of Maine for the spring of 1920, contrasted with its presence in 46 percent of the
verticals during that same period; but: it is worth notingtha.t at two stations it
was taken in the surface but not' in the vertical hauls (stations 20081 and 20092),

t
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on the second occasion with 100 specimens in a total of only 400 copepods of all
kinds. Willey (1919) also records it much more often from vertical than from
surface hauls in the Gulf of St. Lawrence and off Nova Scotia.

I can offer no data on its presence or absence at the surface in the Gulf of
Maine during the, summer months; but Willey's (1919) tables, which show that a
larger proportion of the records of it obtained by the Canadian Arctic expedition
Were from the surface 'in May and June than in July and August, suggest that
it tends to sink down into cooler strata as the seasonal warming of the top of
the water progresses.

The vertical distribution of this species in other seas makes it probable that it
ranges right down to the deepest levels in the Gulf of Maine, but the data are not
sufficient to show whether it tends to gather at any particular level or is more evenly
and indifferently distributed vertically.

When the locality records for M. Zonga are plotted (fig. 75) it is evident that
in the years when it is most plentiful in the gulf it becomes generally distributed
over the entire area of the latter, indifferently in the peripheral zone, in the central
basin, and over the offshore banks as far west as Marthas Vineyard. It should be
noted that the absence of summer and autumn records on Georges and Brown's
Banks, and in the southeastern part of the gulf generally, is actually nota contra
diction, because there were no, or at least very few, M. Zonga in the gulf during
1914, the year when we made our chief midsummer cruise in this region. The
apparent predominance of records in the western side of the gulf is equally deceptive,
due simply to the fact that we have worked more there than elsewhere.

Immigration and breeding.-The periodic appearances and disappearances' of
M. Zonga in the Gulf of Maine, coupled with its Arctic nature in general, identify
it as primarily an immigrant to the gulf from the north, depending on frequent
accessions from more prolific centers to maintain the local stock. But the fact that,
unlike most of the immigrant species, it is not localized in the eastern side and around
the peripheral belt of the gulf is evidence either that the visiting specimens come
in such abundance and live so long that they spread universally over the entire
extent of the latter before they perish, or that they succeed in breeding within the
gulf to an extent sufficient for the dispersal of the resulting generations to hide
the routes of entrance of their parents. In this connection it is instructive to find
the distribution of M. Zonga paralleling the spring status of CaZanus hyperboreus,
a species similarly of northern affinities but for which a certain amount of local
reproduction within the gulf seems sufficiently demonstrated.

The locations of the stations (fig. 76) where more M. Zonga have been taken
than the average numbers per square meter for their respective months (in which
respect M. Zonga closely parallels" Oolanu« hyperboreus) are further evidence of this.
In'spring and early summer (the season when the influx of northern water is at its
height, and when consequently the greatest invasions of M. Zonga are to be expected)
two distinct lines of immigration are suggested.by the rich catches-the one inward
into the eastern side of the gulf via the northern and eastern channels, and the other
Westward along the continental edge of Georges.Bank, The rich spring catches made
in the western side :of the gulf in, 1920 might have been the result either, of local
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propagation or of invasion (probably of the latter, judging from the scarcity of the
species in the preceding February, as shown in the table on p. 299); but the rich
gatherings of M. longa made there during August, September, and October, 1915,
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are the clearest evidence, short of the actual discovery of breeding adults and of
young stages, that active reproduction had been taking place locally, because there
was nothing in the plankton in general, in the salinity, or in the temperatures of that
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year to suggest that any unusual influx of northern water.or immigration of Arctic
animals had entered the gulf during. that summer. The large catch of M.longa on
October 21, 1915, near Marthas Vineyard (station 10331, about 9,000 per square
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meter), at a location much farther west and south than the species had .ever been
taken before, is especially instructive in this connection, for in this case there is no
Possibility that any direct influx had taken place from Nova Scotian waters for
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several months previous. Probably the specimens in question had drifted thither
around Cape Cod from the center of abundance in the southwestern part of the gulf.

Granting that M. longa is able to breed in the gulf to some extent, its periodic
disappearances are sufficient evidence that it does so only sporadically and tempo
rarily. Perhaps it is only able to carry on through one or two generations in the
high temperatures in which it must exist there, and failing accessions of new stock
dies out until there is a fresh invasion from the north. Evidently such fluctua
tions in local reproduction and migrations mirror the physical features of the water
in which this little crustacean lives, but it is not yet possible to state the precise
relationship which its temporary appearances in the Gulf of Maine bear to tempera
ture and salinity there or in the waters to the east and north, or to the seasonal or
annual variations in the flow of the currents. :

There is every reason to class it a cold-water species in the gulf, and it has
actually been taken there in water a fraction cooler than zero (at St. Andrews,
February, 1917; Willey, 1921); but having been found widespread in the summer
and autumn of 1915 in temperatures as high as 8 to 10°, it can survive and perhaps
even breed over a wider range than has generally been supposed in European seas,
where 6.75° is the highest temperature of record for it (Farran, 1910), and where
most of the captures have been from water of 2.25 to 3.25°. M. longa was in
comparative abundance and apparently in good condition off Marthas Vineyard at
14.5° (station 10331), but it is hardly conceivable that it could have lived long there.
Minimum temperatures at any depth at stations where Metridia Zonga is recorded/or August, September,

or October, 1915 .

-
Minimum Minimum

Station Date tempera- Station Date
tempera-

ture In ture in
degrees C. degrees C-

10304•••••••••••• ' •• '.'_. U" _. ___ ••• _._ Aug. 6 4.78 10325__"._,_ •• ,.,. u .... _ .....n" _ .... Oct. 4 5.28
10306______ •_. n __ ••• __ ._ n ___ • _. _ ... _ •• Aug. 31 5.78 10326___, __•_n __ • _ ••••• _. _ •• _ ••• _ • _____ ••• do .... 5.39
10307••• '.n n .... _" _. _ ........... n ... ...do .... 5.1 10327 __• _._.......... _•••••• _........... Oct. 9 jl.4
10309•• ___ ••• __'._ •••• n .'n. _ •• _ uu _ n Sept. 1 5.72 10328._•• _n __ •• _. _ ... _ ...._. __ •• _.n •• _ .. .do .... 9.4
10311 ••• _._." .u. __ ••• __ u u u _ ... _ u .. Sept. 2 9.4 10329••• _._•••• u •••• ___ '.' _. _., •• u _ ...

___do .... 8.95
10315•• __.,_ n ••• _. _ ... u _. __ ., _.u _. __ • Sept. 7 10 10331.•• u ...._. _ u. _ .... _ ••• _ •••••• __ •• Oct. 21 14.5
10318••• __•_____ • ___ • __ • ____ •_••••••• _._ Sept. 16 8.61 10333 _• _._. _•• ' u .... , ___ n_•• ___ Un _ .. Oct. 22 11.89
10319_______ .. __• ___ ._. __••• ______ ._ •••• Sept. 20 8.5 10337 _. __•_u .... _ •• _ u ••uu. __ •• ___ ... Oct. 26 10.39
10321_ •• __ •••_•••• ___ •• _._. _••••• n_n __ Sept. 29 11.22 10338•••• _____ ._n. __ ... __ •• n._._. _ n._ Oct. 27 9.4
10323_",,_, __•__••• _.... _•• __• u __ •• _ •• Oct. 1 6 10339._••• , ........_...... __ ............ ••• do .... 7.28
10324_ •• _.n n._ .._u n_ ... u _ n n n. _ .. ," .do ___• 6.78

I -
More information is needed before the relationship between the salinity of

the water and the occurrence of M. longa in the gulf can be traced. Most of the
records for this species in the northeastern Atlantic have been from salinities rather
higher than those of the Gulf of Maine, where it has been taken most co:rpmonly
in water of 32 to 33.5 per mille; but Nordenskiold's account (p, 248) suggests that in
the very low temperatures of the polar sea it may be able to exist in water but slightly
saline, and we took it in salinities of 31 to 32 per mille on several occasions during
the spring of 1920 and once in 29.94 per mille (station 20096, surface haul). Probably
M. longa is never plentiful enough to be of much importance in the natural economy
of the Gulf of Maine, but no doubt it serves to some extent as fish food, having been
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found in the stomach of the Arctic cod (Boreogadus saUZa) in the Greenland Sea
(Damas and Koefoed, 1907, p. 566).

Metridia lucens Breck

This species has a more southern range than M. Zonga, being widely distributed
OVer the temperate and boreal parts of the North Atlantic but hardly entering the
Arctic zone. On the European side it occurs regularly west of France, at the mouth
of the English Channel, south and west of Ireland, between the Farces and Iceland,
in the northern part of the North Sea to theBkager-Rak, and northward along
the west coast of Norway to the Lofoten Islands. There area few records of. it
north of the Murman coast andin the Greenland Sea S9. To the southward it occurs
in the Mediterranean, and it has also been recorded from the Gulf of Suez (van
Breemen, 1908). Presumably M. lucene ranges right across the North Atlantic,
though Herdman did not find it on his passages between England and the Gulf of
St. Lawrence (Herdman, Thompson, and Scott, 1898), for the Canadian fisheries
expedition had it generally in and off the mouth of the Laurentian channel, along
Nova Scotia, and occasionally in the Gulf of St. .Lawrence (Willey; 1919, p. 202,
,fig. 27).

M. lucene is a common species in the Gulf of Maine. Wheeler (1901) reports it
~rom Woods Hole (as "M. hibernica Brady and Robertson") and Fish (1925) found
~tthere in winter. During the summers of 1913,1914, and 1916 the Grampus.towed
It at about a dozen stations on the outer part of.the shelf and outside the continental
edge southward from off Cape Cod to abreast of Chesapeake Bay (Bigelow, 1915, p.
295; 1917, p. 290; 1922, p. 147), as well as at two localities near land-off Long
Island (station 10083, August 1, 1913) and off Delaware Bay (station 10375, August
4,1916). West of Cape Cod it seems to keep offshore, for Williams (1906 and 1907)
does not list it from Narragansett Bay nor does Fowler (1912) from New Jersey.
The latitude of Chesapeake Bay, in the one direction, and the deep water between
the Scotian and Newfoundland Banks and the Gulf of St. Lawrence, in the other,
are, respectively, the southern and northern limits to its 'known range along eastern
North America. . ' .' , "

M. lueens is also known from the Pacific, being described by Esterly (1905) as
one of the most abundant copepods in the plankton at San Diego,Calif., both in
summer and winter.
. As van Breemen(1908) has pointed out, this is one of the few copepods.which
IS lUminescent, and as it is chiefly responsible for the phosphorescence on the Irish
COast in spring (Farran, 1903, p.12), no doubt it is partly responsible for the
brilliant phosphorescence so often seen in the Gulf of Maine. '

Distribution in the GulfofMaine.-Next to OaZanusJinmarchicus and Pseudocala
n~ elongatus, M. Zucens has appeared most frequently in the towings in the gulf, but
'WIth considerable fluctuation in the regularity of its distribution and in the numerical
stl'ength of the local stock from year to year. In the summer of 1912 itwas.recog
ni,zed at 26 percent of the offshore stations and at 30 per cent during the ensuing
'''lnter; but this was the poorest period for it in our experience, for Doctor Esterly
--------------------------------

It For a sumlllll1'Y or what Is known or Its distribution see Sars (1003) and Farran .(1910).
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founditat 76 per cent of all the stations east and north of Nantucket in the summer
of 1913 and at 60 per cent of the July-August stations of 1914. The year 1915
yielded M. lucens in the vertical hauls at 58 per cent of the stations right through
the season, irrespective of locality in the gulf (table, p. 297), and 1920 and 1921 were
the best years, with M. lucensoccurring at 84 to 85 per cent of the stations, both
for the spring months and for December and January. Iri addition to the captures
of this species on the recent cruises of the Grampus, Albatross, and Halcyon, Wheeler
(1901,p. 176, as "M. hibernica") describes it as very common in Plymouth Harbor,
Mass., in August, 1899, while Dr. A. G. Huntsman (Willey, .1919)' and Dr. J. P.
McMurrich 40 have taken it frequently in the neighborhood of St. Andrews.

Plotting the stations at which M. lucens has and has not been taken (fig. 77)
shows that it occurs over the whole extent of the Gulf of Maine, on the offshore
banks as well as inshore, across the whole breadth of the shelf off Marthas Vine
yard, and along the continental slope; and although we failed-to find it in the
harbors of Gloucester, Rockport, Kittery, or Portland during July and August,
1912, its presence in Plymouth Harbor and at St. Andrews proves that it inhabits
estuarine and inclosed waters as well as the open sea, The rather confused picture
presented by the chart of distribution is simplified if the records be classed as summer
autumn and winter-spring, for all the years combined, and if the gulf be .divided
as follows:
. 1. Coastal zone out to 150 meters, Cape Cod to Grand Manan, Summer
autumn, present at 53 percent of the stations; winter-spring, present at 70 per cent
of the stations. (In the Massachusetts Bay region it was present at 77 per cent
of the summer-autumn stations.) .

2. Off Lurcher Shoal. Occurred at all the stations, both summer-autumn and
winter-spring. '. . '.

3. Coastal banks west of Nova Scotia, out to German .Bank. Occurred at all
the stations, both summer-autumn and winter-spring.

4. The basin in general, west of longitude 68° 30'. Summer-autumn, at 56.per
cent of the stations; winter-spring, at 73 per cent.

5. Basin in general, east of longitude 68° 31' W, including the Fundy Deep.
Summer-autumn, 75 per cent .of the stations; winter-spring, 75 per cent.

6. Northern channel. Occurred at all the three stations for which the copepoda
have been listed, spring and summer.

7. Browns Bank.. Occurred at one of two stations in summer, and at the twO
spring. stations for which the copepods 'have been listed. .

8. Eastern channel. Occurred at all the stations, four in number, for which
copepods have been listed, summer as well. as:spring. .

9. Eastern halfofGeorgas Bank, east of longitude 68°W. Present. at one and
absent at .one summer station; present. at all five spring stations. ,. .

10. Georges Bank. west of longitude 68° W, and .continental shelf off MarthaS
Vineyard .and. Nantucket. Present at threeofeight summer-autumn stations for
which the copepods have been listed and atone station in July, 1916; present at
all three winter-spring stations.'
---------------------------------

4G In his unpublished lists of the plankton forSt. Andrews.
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11. Outside the continental edge abreast of the gulf, off Cape Sable, and off
11artha.s Vineyard, Present a.t two out of seven summer-autumn stations and
three out. of four winter-spring stations.
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O. stations where It was not found, The hatohed curve Incloses the area where It has been taken at 75per cent oUhe
stations, irrespective of the year or season

Irrespective of the time of year .M, Zucenshas' appeared more regularly in the
tOwings made.in the two deep entrances to the gulf (eastern and northern channels)
and alongthe eastern slope of the basin, where every station in every year has yielded

75898-26--17
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it, than anywhere else in the gulf. Its occurrence has been nearly as universal over
the whole eastern half of the basin and in the southern. part rightacross to Cape
Cod (recorded at 75 to 80 per cent of all the stations), but it has been decidedly less
regular in the northwestern part of the basin generally (about 63 per cent of the
stations), and the percentage of occurrences has been much lower in the deep trough
off Cape Ann than anywhere else. The trough between Jeffreys Ledge and the
Isles of Shoals, however, seems a definite center of abundance for it. On the whole,
jI. Iucens occurs rather less regularly over the coastwise belt out to the 100-meter
contour (about 59 per cent of the stations) than in deeper water (about 72 per cent
of all the stations in the basin).

In the richer region outlined on this chart no seasonal variation is apparent in
the regularity of occurrence of the species for the periods June to October and Decem
ber to May, the number of occurrences being the same (28) and the number of
stations at which M. lucens was not detected as nearly equal (6 and 3)· as could be
expected with the constant possibility that one net will pick up and another miss
any particular animal unless it is present in abundance and uniformly distributed.

In the coastwise belt and the northwestern part of the basin it occurs somewhat
more regularly during the winter and spring, when it has been detected at about
66 per cent of the stations for which the copepods have been listed by Doctor EsterlY
and Doctor Wilson, than in summer and autumn, when it figured in only about 45
per cent. M. lucens has proved similarly but more definitely seasonal on Georges
Bank anql. over the continental shelf off Marthas Vineyard, having been taken at
all the late winter and spring stations of 1920 but at only 30 per cent of the summer
and autumn stations; as pointed out in the foregoing regional analysis, this also
applies to the waters outside the continental shelf as far offshore as our lines haV"e
extended.

When the stations where M. Lucens was more plentiful than the average for the
month are plotted (fig. 78), a definite regional separation can be drawn between the
northeastern part of the gulf, where it has been found in relatively large num'QerS
on several occasions in August, September, and October but never in the spring,
and the southeastern and southern parts of the area generally, including Georges
Bank and its offshore slope and the eastern and northern channels, where rich catches
of Metridia have been made in February, March, and April but never from May to
October. In the coastwise belt 'in the western side of the gulf there are "rich" .
stations both for spring and for summer-autumn.

Seasonal variations in the actual numerical strength of the stock of M. lucens
in the gulf can only be stated in a tentative way until more extensive data haV"e
been gathered, because the annual fluctuations in its abundance introduce a source
of error of unknown magnitude into calculations based on a combination of the
data for different years; and unfortunately the only year when vertical hauls were
taken at frequent intervals from spring until autumn (1915).was one in which this
copepod occurred less regularly than it sometimes does. Furthermore, M. lucen~,

like mostothercopepods, has. proved .decidedly" streaky!' in its distribution. :'l'bis
phenomenon was illustrated off Gloucester on May 4, 1920, when, with the Albatros8

lying at anchor, a vertical haulat3p. -m. (station 20120) yielded this, species il;tthe
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rate of 16,500 per square meter (anunusually.rich.catch-for it in the gulf},'butaseco- .
ondvertical haul with the same net,hauledu~a.t the same rate of speed and from a
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FIQ,,78,-Localltleswhe~e the vertical hauls hayeylelded aIarger number of .MelTi,dlu lucen.'l per square.ll)0tor than the
average for the respective month, •• June to October; X. Ji'ebruary to May.' Thc hatched curve Incloses tlil\ area
where It has been found notably abundant only'ln late winter and spring; the stippled ourve where It has boonfound
abunda~t only ,In~ummer and ap:~uD1!l . f

slightly gteat~r depth '(55rneters)at>tO:'p.;m"gav.e !il;frequencyof:only252 per
sq\la:r~meter,'Evidently'theshoalencounteredby the first'haul had :drifted'past
Witli''the tide'duriirg the 7'..:htiur interval.before. the- second haul-was rnade/ Never-
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theless, ithe,average numbers per.square-metervcalculated by months, for' the seasons
oL191S,1915,and 1920 combined (fig.. 79), are consistent enough to suggest; though
hardly to prove, that on the wholeM~ lucens is at a low ebb numerically at the end
of the winter, but that its numbers increase during March, April, and May.
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FIG.'79.":-ketrldia lucell8. ,Average numbers persquare meterofseaarea taken in the verticalhauls.by months,forall the
yearsand stations combined .
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Off Gloucester the number rose from nothing on March I, 1920 (station 20050) , to
160 per:square: meter onApril9(statio;n20098)an.dto16,500 in one haulon May~,

but only 252 in another, as just noted•.\.Offthe Isles of.Shoals.the increasewasfrQIll
none on March 5 (station 20061) to 1,500 per square meter on AprU9. (station 20093)·
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In th~ 'Western basin the number per square 'meter, rose from none on February 28
(station 20049) to 5,550 on March 24 ,(station 2(')087)" and then declined again to only
200pt:ir'square meter on April 18 (station20015)': Ifisprobable, however, that this
decline was 'Iocal, .one haul hitting and the other missing a shoal,for: a. few imilestQ
~he eastward, 'The interval from March 2 (station 20052) to April:17 (station 20t.14)
saw 'thenumber' 'ot M. Iucens' increase from 1,250 'lpersquare' meter rto3,000. In
creases were' likewiseregistered in the southeastern: part: 'of the ,basin, in 'the eastern
and northernchannels,iand over'theeasterJipartof'Georges Bank from March-tc
Api'il> In 'the' year 1915'the average Ilu:mber'of,M:Zucens at :4stationsinthe'inner
part of the gulf was about 8,000 in May, ,but one very rich catch, at the rate of'abduu
26,000'perisquare' metei'off the Isles of S!ioalEI''(statiobJi02"'8),wM"ohiefiy;responsible
f "· I Ii" "1'; "fi"'" " , i,... . . \ "Or"t IS ·arge ' gure.'·" ",,' "'I il i,. . i,',; -r "'"d .'

'\In 1920fthe'verfiitl Rugmentationof 'M. Zucen~ wa~lappB.rent 'earlieSti mihe:season'
OVer 'a 'beltexteriding' west-east 'across' the: gulf from ,the Massachusetts Bay";Oape
Elizabeth region to"tliesoutheasternpart"of theibssirr] butno igeriel'fll'~haD.ge'<If
this' sort can have taken. place 'in:the' northeaSteril. part-ot fthe'gulf generally until!&;
:month or more later, because all the early spring catches were decidedly scanty-there
(at'the lriost550 per square'meterj ; and in most, instances -the March figurewas some
What.largerthan theA.pril:counti l Neither did-the-numbers of, M.rlueens'taken.inthe
S?uth'western part of the basin) and over the iv'estern: end 'of Georges: :Bank in that
year 'show' ariy-'cha:trge1sufficient to be classed as' seasonal, 'some' 'of thelater-catches
being thelarget,e some the smaller. 'Off the'aoutheastem'slope of Gebrges Ban.k:there
Was an apparent falling off,in the numbers of M. lucen« from ,March 12"(stations
20067 to' 20069) 'toA:pril16'(station20109) ,-but a lUghfrequency (2,S60per square
:meter):OIl the east slope tif the bank: On the ·16th (station 20108)-makes!itlikely that

, the 'apparent: seasonal' drop actually reflected nothing-more significant -thaIi'astreakil
ness in the distribution of the species. However this maybe, our failure to find' M.
lucensat the stations outside theslopei:>fG~orgesBank-in July, 1914 (stations 10218,
10220), arglteS'against the idea 'that this region is the site of•a: vernal augmentation
SlIch estakes place in-the inner part of the gulf. .. . .. . ....• '

An avera~e of about 3,300 per square meter at 14'stations in theinner:part of the
gulf for 'August; '1913; ranging from 600 to 9;000 at the individualstations (Bigelow,
1915, p. 286), does not indicate any notable alteration in the numerical strength of
the stock of this species during the summer. One August station'for r191r5 .,(10304r
~'astern side of-basin) was unusually productive ofM. 'lucens, the vertical haul taking
It at the rate of about 23;000 per square meter, but probably the net chanced to pass
through a local shoal of these little crustaceans on this occasion. '

In 1915, which may or may not have been a typical year, some multiplication of
Y. Zucens seems to have taken place from August to October, for though thedif..
ferences between the numbers taken are 'not large they are consistent. Thus none
ll.~all were taken in a vertical tow off Gloucester orin the basin ()ff Oape Ann' on
August'31 (stations 10306 and 10307), but-thestations in the coastal zone between
Oape Ood 'and Cape Elizabeth (stations 10319,10320,!and 10321) gave an average'of
about 2,400 per square meter OD. September 20'td 29. On October a·toi! three
stations 8l0ngthe same.zone(stations 10323,' 10324; and 10325) gave an 'average of
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nearly 6,000, and M.lucens averaged about ~iOOO ,per. square meter. at t~ost~tipp~at
the. mouth 'Of Massachusetts Bay onQc~ober27 (stations ~Q33S and; 103;3m'lHI':

The count off Penobscott.Bay rose similarly.from p90 per square met,er.oIl,~P::
tember. 16.-(station 10318) to 12,250 .per, square meter on October, 9' (statiO,nJ Wi329),
and from none at alloff Machias, Me;, on September.Ll (statipn ,10316) to.7,687 per
square meter on October 9 (station 10327). In no .case did we find the numbers of
M. lucens:decrease from September, to October at.any givenlocality. 'Though the.
evid,encejustdetailed is notprecise,~itheach.wcamplebeing;ex;plicaqleas .tp.e !,e~

sult of chance.when .all are taken together they point to a II1-0re or less definite autum-
nal.maximum .for' M ..lucenpwithin the, Gulf of Maine. ' , . .

.: The scarcity of M. luc~npdn,theWoods Hole .region in summer, deducible from the
fact that the only specimen which Wheeler (1901) saw there was"takeI). in December,
contrasted with large catchMotll,700 an.d16.,300 per square meter made.closein to
Marthl18,Vineyard and offshore on thisline on October 21,M115 (statjons 10;331 and
10333),suggests a similar auturnnal, augmentation for the species .asfar west and
south es.it regularly inhabits .the shoalwaters over .the inner part of the continental
shelf. . .. !" ,J ')

{Unfortunately no vertical.haulswere. made, .and. consequently the.mpnbers per
square meter can, not be stetedfor. the late;r autumnor until February in any yea!';
but it is probable that the numbers.existing over the; Gulf.of Maine as a whole sufflW So

sharp drop .in .November he<;ause thecatches-of copepods, in the horizontalhauls
during .the midwinter of 19~~~1. were uniformly Vf)-Py scanty, M. lucene averaging
only about .8.percent of them. '

Venicaldistribution...,..,..In other seas:¥. Luoens has been .found.fromthe surface
down to 2,000 meters. .In the N~rth.Atlap.t~c it is,o~ tho.whole, most abundant
between 50..and ,100 meters, with a decided tendency to swim: up, to thesurfac,e.ll(t .
light and to sink again by day (Farran, 1910); but in the Sap-Diego region on the
Pacific coast of.the United States, where.Esterly (1912, p.301) describes it as "ov:er~

whelmingly more, abundant and frequent .on the surface between .Iup. m.and.2
a. m." and "practically absent from the surface between 8f!.. m, and 8 p. m.," 'its
daytime plurimurmia.much deepet-200 to 300 .fathoms.

In the gulf of Maine. it is decidedly m.orenumerou!'lat.sOInelittledepth.tha.ll
at the surfaoe;and the frequency. of its presence at the top of the watEjrisappfl,rent1y
8.' factor ()f·the time of year, to some extent, as well as of the time of: day. Thus,
during the. spring oflQ20itwas. reeogniaed.inzd surface; hauls (table,p. 30~), wide-:
spread over, the gulf, ,and'in62, ,ver:ticals,. j ·It has-beer; listed-onlyfive, times. at. thfl
surface in July and h.,ugushtwicein, lQ12 (Bigelow, 1914, table, 'p.1l5); three
times in 1914 (Bigelow, 1917,itfl:ble, p .290) ,and JM}t at. allin 1913, although this waS
a summer whenit.wes nearly. universal east land north of Capeqod.,NQ data alie
available for 19.15, ,As regards :the )time ofda.y;sixteenof. the.spring. reco-pds for.it
tilt the surface werefrom between, 6,,po .m.,and 8 a.m.,and eight between, 8.a•.m: ang
6. p. m, All but. one of the sunnnerJ;'ecordf;l were between sunset and sunrise, the sillgle
exception .(stetion ·10245,Augus,t;.~2i 1914;), being :~or JO.30 a.cn., bllt at a locality !,lear
Lutcher Shoal where considerable,ver-tipaLstirring of.)the water by tidal currants:i!'\ "tq
be IOQ]{ed for. '.I,'hus, in the G ulf ,of:Maip.elJf. lUf<e'f/,s is m()r~\aP,tto cometo,t4e.surfa.,c,e



in spring than in summer, and its excursions upward to the top of the water are not
So closelyconfined to the hours of darkness in spring as they are during July and
August. ',' .

The vertical hauls shoaler than 100 meters yield further evidence of a diurnal
Inigrationof M. Zuce~8, for the catches have averaged decidedly larger between
6 p. m. and 8 a. m. (average 4,246 per square meter-for 26 stations) than between
8 a. m. and 6 p. m. (average 896 per square meter for 21 stations); and if further
separated into two groups by months-February to May and September to October-
the same holdi;l,goo,d"as follows:.' . ' . '

, ':,', ; j' ',"" :.1" .. ,. . .• ,'", '" '. ,',

=
6P.m.to8a.m.to

s e. m. 6p.m.

~verageDumber per square meter, February to May. n' __ __ •••••__ •• __ __ •••.•• __ •• ••• 1,601 287
verageDumber per square meter, September to October __ •••• __ 7.8M .,553

To compensate for this, smaller averages might be expected by night and larger
by day in the deeper hauls as the Metridia swim up and sink back. Interpretation of
these and comparison of the deeper hauls with the shoaler is complicated by the fact
that we have one unusually rich catch of almost 23,000 per square meter in a vertical
haUl from 200 to 0 meters (station 10304, August 6, 1915)by night, but it is obvious
that if the specimena in question were con~entrated near the surface, as is perfectly
Possible, a, shoal haulwould have caught nearly or. quite as lllany. This applies
to f\ny individual haul, but when deep hauls consistently average moreproductive
than shoal, with a greater difference than'canbe accounted'forby the longer column
of water fished through, it is safe to say that the animals. are concentrated in the
lower levels.

The greater the number of hauls, the greater the depende~ce which ean be
placed on the average 'results. In the present case the number of hauls is not large
enough to warrant definite conclusions. If the one very rich deep haul lust men
tioned be omitted,wehave 1,190 as the average number per square meter in vertical
hauls from deeper than. 200 meters from 8 a. m, to 6 p.m. and 1,200 from 6 p. m. to
8 a. In. This does not suggest any diurnal migration as deep, fLS' 200 meters.
" It is obvious .that .the contour of the bottom of the gulf largely determines the
deptl;l, range of this, copepod bro£, any other animal, for such of the stock asinhabit
t~ecoastalzone are nl:lc~ssarily confined toa very shoal stratum. No copepod can
81llk as deep in the Gulf of Maine, where the greatest depth is only about 330 meters,
a,s h ,Can off San, Diego. ,Apart from this limitation by topography, .however, the
le'VeLofp1urimum abundance of this species is about thesame in the gulf as in th~,
eastern North Atlantic-namely 50 to 150 meters. Thus all but one 41 o! the verti-,
cal hauls which have, yielded 5,000 or moreper square llleter have been from depths
Of200 meters or 1ess,more than half of.them shoaler thf\n 100met~rs,irrespective
of the .time of day or part of the gulf in which the stations were .located, " 'The depths
Of the five richest catches of all (those yielding M. luce,'fl.8atthe rate of IIlore thaJ;l.
~OOper:square meter) have likewise varied from shallo~,tQdeep. '." ,

~I 'rheexceptioD is st~tioD ~ook7. Mar. ~,192(), from 250 tmteta.·
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Number 01 Number of
Metrldia Depth Metrldia Depth,

Station D&te lucens per in meters Station Date lucens per in meters,
square square .

, ,meter meter -
May 14,1915

,"
16,300 'so-c10278__•_. _. _. _. ____ • ___n 26,250 15<Hl 10333_____________ • _. ___•• 'Oct. 22,1915

10304__c._"._._..__ ,,~. __.0 Aug. 6,1915 23,'50 2()(H), 20120.____• _____ coo...___" May 4,1920 16,500 4~
10328•• ____• _.'- _. ___• _. __ Oct. 9,1915 17,100 6<Hl', -

These average nfunbers of this copepod per square meter, calculated from the
vertical hauls, do not suggest that the strata of water below 150'to 200 meters added
appreciably to the catches, although not enough deep hauls were made for a positive
assertion.

'2,760
3,136
2,562

Average,
number

per
square
meter

Between 30 and 100 'meteis .• : • •• • i::...i..': oo~L.. ....~ ..~. ...:......__ ~_

~~~:~~~~~ g~~~~e~~t.e_r~t:::.:~:::::::::::::::::: :::::::::::::::~:: :~::':: ~:::~:::::::::::::::::::: :':::::~::::::: ~,::

Depth of vertical hauls

': Local: breeding and immigration.-N6 diiect' observations havebeeri J.Aadeoti
whether or to what extent M.lucens sp~wnsin.the Gulf of"Mai~e. , Consequently, its
geographic and seasonal distribution is the, only basis qn which, to jUdge wh~ther
the 10c81 stock is chiefly the result of local reproduction or depends upon immigratioJl
from richer centers of propagation for its maintenance., Theregularityof occur
rence and comparative abundance of the species within the gulf is a strong argument
that it is regularly native there. Its regularly increasing numbers during the spriJlg
and the pronounced augmentation in its numerical strength in September and
October likewise point to vernal and autumnal waves of propagation. However,
no definite areas of abundance which might be looked upon as local centers of repro
duction have yet been demonstrated for this species in the gulf, notwithstanding the
large numbers of locality records and counts of actual abundance which the Gramp'ltS,
Albatross, and Halcyon cruiseshave afforded. The fact thatit has been found most
regularly in the eastern and southern parts of the gulf points 'to a certain amount of
immigration via the two channels and across Browns Bank from the continental
shelf off Nova Scotia, where the Canadian fisheries expedition found it widespread
(Willey, 1919).

Until its status is better understood in the gulf the latter may be looked on as a
regular and important breeding center for it,but with the local stock augmented by
immigration. '

Relationship to p7vysicaZconditions.-In other seas M. lucen« has been found ovei'
a wide 'range of temperatures from, 4.83 to 20.5~, usually upwards of 5.5°; and
in salinities ranging from 28.1 to .35.4 per mille, most commonly in 33.3 to 35.aper
mille (Farran, 1910; Esterly, 1912). The Gulf of Maine recordsbring the lower
limit of temperature down to 0.33 to 0.78° (station 20062, March 5, 1920);andi1:S
presence on the surface in the coastal wa.~rs of the gulf in late winter andettrly
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spring (e. g., stations 20056, 20058,'20060, 20061, 20077, 20081, and 20083, March,
1920) •makes i~unlikely,that .any ,temperature .that may be,experienced,in theopen
gulf is fatally coldfo~this species,thou~hit maynotbe able tosurvive the<subzero
teIllperatlires of ice-laden seas. On the. other hand,one of therecordsofit. on the
sUrface of. the western basin (station 10256, August 23, 1914) was'from'nearly as high
a,,temperature (19.q6"), ~s it has ever been found in, although it could have reached
deCidedly cooler 'Yater by sinkillga few meters. Most of the records of this 'copepod
i}{th~,gulfh~ve'been from teIll~er~t~resbetwe~n 4 ..and 15°, but, like'Esterly:(1912),
I?,~'t"e~o~~d,i~itupossi~l~; '~o'c~rr~late it;Sregional .and seasona.1 vad~tions in
~p;und,an~e ~t~,,?,hah~l1~ te:w-pera~ilFe~~oris .it'like1y:thatits'di~tribu~ion within,.
~~egulfis gqr~r1ie~1:>Y'~q'cardifierences insltlini~y,}he whole oftha,t boq.y of wate~
?eiIlg \V~lt '\Vitlri,Il tJ).e1iIDits Within whichM. 'Zucensoccurs 'commonly elsew4~re. , .. .'

. " Economicimportance'TWhile no definite ;<>bserv~tionsseeni to .have b'een'Illade
011;" jt~~. ~xten£ ~p,. 'fhi9h 14., ,'Zucens ~s eat~n 'b~' p1ankton-fee~g 11;she8, Jt ,.i:s .~e~erally
as~umedt<:>b~ aniInport,ant,artiCle in the diet ofthe mackerel in .Irish wat'e~s: Np
dOUbt mackerel, ,~ll. the~er,~irlg tribe,' and 'the othercopepbdeat~rs;con\3,uIp.e: it:,tp
~~W,er~xtentiIlth~ Gulf. ofM~ine,but ita~ef~g~s such IL; small nH~e~~,cal'i)erce~tage
9~ t~e, ca,~ch ,~fC.0J.lepods. 'compared with thedoinina~iIlg swa;rrilsor OalrLnu.s jifl,-;
"!UJ,rclticus, w,¥ch its~dultsa1:>0'ut equal in size, that itcan v;ie.witht~e latter hi
e~onomic iIllportance' onlyw4en local shoals gather. ' , .

.. '." , '. ), :.,;:: ',' .- ")

Average percentage of Metrldia. lucens,by months, in ,th'etotal catches of copepods
::-=-

Hauls Per· Hauls Per-
centsge centage- , .'

',' ' ,
~arCh. 1920, vertloals •••••••• .:..............;..... m .. 8 September. 1915•••••"••••••••••••••"................... '(

~rll. 1920. verticals ..................., •••••• ~ ••••••• 7 october, 1910••••••••• .;.....c.......................... 12
Jay. 1915 and 1920, vertloals .... ~............ ~........ 5 Deoember, 1920, horlzontals ..........."......"~••• "... 6
AUne, 1010. vertlcals ...... ~............................ 9 JlIIluary. 19~1'.horizontals .....................;........ ,12

Ugust, 1913 and 1915................................. 5-
<., On three occasions in October, 1915 (stations 10327,10328, and 10329),M.

lucens, forming 2Sto 30 per cent of a moderately abundant copepod community
(table, p. 298) and about equaling Calanus, would have offered an, attractive pasture
for the schooling fishes, This was also the case off Gloucester on May 4, 1920
(.M. Zucens constituted 30 per cent at statioIl20120). In every other instance,
ho,wever, when we have foundit forming 25 percent or more of the copepods the
total catch of all kinds has been.extremely scanty.

Monstrillaserrlcornis Sars

G. O. Sars described this species in 1921 from two male specimenstaken off
the west coast of Norway, Occasional specimens from four surface hauls in the
Gulf of Maine in March and April, 1920 (table, p. 303), are the second record of its
occurrence; but these four, including Browns Bank,-the northeastern part.of Georges
~ank, -the neighborhood of Lurcher Shoal; and Mount Desert Island, indicate that
It is to be 'expected anywhere in' the gulf. It is' the only representativeo! itsfarnily
Yet.reported there.' I
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. Olthonasim.1l1s Claus

.. T4is,~pe~i~ha~vari~uslybeen des~ribed~s ';twor1d':wide"(FaIT~~, l!HO)an.das
Arc~i?" wth, s,?\lthernextensio,n (Willei,j9~9L'rlle firstwopId seem t~fit it b?st,
for 1thasbe~n .taken, from, Barente Sea, Spitzpergen, ,and from .the Arctic ~oasts of,
Alas~~a~d Cana~a (Willer, 1920) in ~he north, rightqo)VIlthewhole extent of the.
Nortl;i and SouthAtlantic to latitude 35°, S., and beyond tha~toJatitude 60to
65P S. .in the Antartic south of Kerguelen Island-.. Itis likewise widespread in .the
Red Sea and in the Indian Ocean andabout Ceylon; it is also. reported from the
Pll:cifi~ and, iNewZealand, occurs in the};Iediterr~nean,h~sb~.eri ta~e~a~ the Cana
ries! is plentiful about the British Isles, enters the Baltic,and is abundant along the
whole c<?fl,st 91 N~rw:ay, in the Norwegian sea, and in Barents,Sea.42 It occurred in,
pract~cany: eyery 0JW ofHerdman's gatherings right across the. North Atlantic and
thiougli,the GulLo! St. Lawrence from Liverpool to Quebec (HeJ"~man, Thompso~,
and ScOtt, 1898). ; T. Scott(1905) also lists it from the Gulf ofSt. Lawrence, but the
oUlY,oth,ef published records .for it 0ll"the.eastern coas:f ~f' Norph' Arrie:dca are. for
Woods R91e(Whe~ler,1901; Fish, 1925) and Rhode Island (Williams, 1907).'

, 'l'his spec~esappearsinDoctorMcMurrich'splankt(m lists forSt. AUdrewsduring
December and'l,Ja;n:uary' in about two-thirds of the, hauls; less '!requ;entlt during'
February and March (about 50 per cent of the p.auls).Durin~ the late .spring,
summer, and early autumn until mid-October, it was foUnd in about. 11 per cent 6f the
hauls. This indicates a winter..plurimum for thespecies,butatno season was it as
abundant as the larger oalanoids, being almost always recorded in the lowest of the
four classes of abundance (1 to 4) used by Doctor McMurrich.

Oithona similis was not found in any of the earlier towings in the open gulf, but
being so frequent at St. Andrews .and so widely distributed over the high seas elsEl~

where, probably this slender little copepod has usually slipped through the com
paratively large-meshed nets used for the vertical hauls and for the horizontals for
which the copepods have been listed. This seems the more likely because the
Canadian fisheriesexpeditiondidnot take it at all.in many hauls in the Gulf of St.
Lawrence, where Herdman foundit in almost every gathering.. This is corroborated
by DoctorWi!son's report of it at several stations in 1920 and 1921, .as noted below
in his supplementary note on the copepods (p. 306)., ' .. ..'

Perhapsno marine planktonic copepod exists over a wider range of temperature
and of ~~linitythan does this li.ttle cyclopid.. Equally at home in the tropic Indi~,(I,

Ocean, in polar seas close to the freezing point, in thebraclds~Baltic (it has be~I\

found there in salinity as low as 7 per mille), and in the very salty surface water of the
Gulf of Suez and Red Sea (salinity upwards of 38 per mille), it is not likely that
either of these factors .determines its seasonal periodicity or regional distribution in
the Gulf. ofMaine: . ... . . . ." ..

. .. Paracalanusparvus (Claus)

This.speciesis probably cosmopolitan in temperate and tropical seas, the localities
from which. it has already been reported being almost "worldwide" (Farran, 1910'
p.:(1) except for the Arctic and AntarcHc. 'These. include.the northeastern At~~ntip

. 
.. For further details see Giesbrecht (1892);Sars (1918);Farran (1910); Thompson and Scott (1003); Wolfenden (lOll);"Wnley,

(1920); van Breeman (1908).
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up to Den:marlcStrait-andto !the'north ofi'!celarid,(With, 1915)ithe]faroElSi'·the
west and south coasts of Norway; the English Channel; southern part of the Nortli
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Sea,Skager-:Rak,and west Baltic; the Mediterranean and Black Seas; the Gulf of
Q-uinea(T, S:cott, 189443) ,: th.e sou:thAtlantic off the Cape of Good Hopei the Red und
Arabian Seas and the Indian Ocean (A, Scott, 1902 and 1909i Cleve, 1901); theMality:----. ' ."

j, Wolfenden (11111) questiOns whether these specimens of Scott's were cottectlY identified,
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,Archipelago;' New Zealand (Brady, 1901); and from various other localities in the
Pacific between latitudes 61oN. arid 550 S;" l'"
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FIG,Sl.-Statlons where the vertical haulahaveYlelded more Paraca,lanUlparoUl per square meter than the average tor
the respective month, X, June to October; ., February to May

There are only three previousrecordsforit on the east coast-of North America;-:
that.is, GulfStreain off Woods Hole (Wheeler, 1901), Woods Hole (Fish,1925),and

-, - -. -. - , '.. . -. -. '.-.' -----
II Fora more complete account ortbe dlstrlbutlo~ot this speqleslIS at present understood seeThompson and Scott (1903),Farran

(1910), end With (1915). '. r-,
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Gloucester Harbor (Esterly, in Bigelow, 1914,.p. 116). Farran (1910) has classed
it as a tropical and temperate form, which is corroborated by Willey's (l919) failure
to find it in the collections 'of the Canadian fisheries expedition off Nova Scotia
and Newfoundland or in the Gulf of St. Lawrence, where it has never been reported,
andbyits absence from the plankton collections made by Herdman off theStraits'o£.
Belle Isle (Herdman, Thompson, and Scott, 1898) j but it ranges eastward along
Nova Scotia for some distance past Cape Sable, for the Grampust~ok'itat.three
stations across the continental shelf off Shelburne,Nova Scotia, .on June 23, 1915
(stations 10291, 10293, and 10294), and the Albatross found it again near Roseway
:Bank (station 20074) and outside the continental edge on this line (station 20077)
On March 19, 1920.

.. Paracolomus parvus may have been overlooked in the earlier towings in the
Qulf of Maine because it is so tiny '(it is the smallest of calanoids), but the collec..
tions of 1915, 1920, and 1921 prove it present in the gulf in every month in the
year except July and November, when no hauls were made-that is, a year-round
resident. .In spite, 'of its briefhistory in our towings its records extend widespread
Over the gulf, indifferently outside the continental edge, over the offshore banks,
in both sides of, the deep basin, and all around. the coastal .belt (fig. 80)•• Thereare
also records over the -continental shelf off Marthas Vineyard (stations 10331 .to
10333; table, p.298).

In spite of the .seasonal fluctuations outlined below.. the regional dietribution is
~s general in the cold half of the year as in the warm half, and Peracalanus occurs
in all parts of the gulf and about as regularly in one region as.another, Theplotted
records might suggest a 'concentration in the inner partsof-the gulf, but in reality
this merely reflects the greater number of hauls which-have been. made there; and
:more especially the fact that no towing was donein the southern or eastern parts
?fthebasinor on Georges Bank during the summer of 1915. -Inshort.vthis.copepod
1S to be expected anywhere in the region at any. time -of year;' I have not been
able to subdivide the gulf into. regions" rich" or !'poor", for this species, whether
for the year aa: a whole or for the individua:l months; the stations where
catches were larger than the monthly average being widely distributed (fig. 81)
(haVing reference to the regional distribution of .the hauls in different years and
~ea.sons) both for the winter..spring and for summer..autumnj-but we have taken
It in much larger numbers off Marthas Vineyard (station 10332 and 10333) than
anywhere east or north of Nantucket, suggesting that the waters over the conti
nental shelf south of southern New England are a center of abundance for it.

Seasonal fiuctuations.-;-P. parvus has been taken at the following percentages of
the stations for 1915, 1920, and 1921 (tables, p. 298): . .

PeJlcenfi. Percent.
Date age of Date age o[

stations stations

Ii
,

Iyh, 192\1 and 1921.____ ••••_._. ___"_,,_,.,, ____,_,, 29 September, 1916.. _., ._._ •• _' _•••••• ~ ••• _••••••: ••• __ 76
, 1920............ __ •__ ~ _.__ •• ____ •___ •• _____ •• _ 23

P:~~~~3~{~::::::::::~::: :::::::::::~::::: :::: 93
y, 1916and 1920............_._____ •__ ••• ___ •• ____ 80 60
e; 1916,••• __ •,_. __ ~_••• ; __ •• __ •_.__ ••••• ; ••• _•••• 100 40

t, 1916._. _•••• "'.':"~'.'." ••••••• _" _._•• , ..... 100

---
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Cautioning the reader that the difference may be partly explicable as evidence
of "rich" and "poor" years for the species, the percentages indicate that it is prac
tically universal in the inner halfof the gulf throughout' the suminer and early
autumn but less plentiful during winter and spring. The average number per
square-meter likewise shows it to be most abundant in the inner part of the gulf
during the warm months. .

The average numbers of P. parvus per square meter in vertical hauls, counting
only the stations where it occurred, are as follows: .

Date Average Date Averagenumber number-, .
455 August, 1915_________ •__n ___ n _____ n __ n'__________ H,March, 1920___________________ n ______________ n ____

tf:~~'l:[~~ndi020~====:::.:=.:====:=::: =:::: :::=::= 600
~~~b~r~~~i1~~~= ======.:==..===:===.:===.:===:::::::

4,06
3,656 9,04June, 1915_________________ •• ______ , _________________ 1,015 -

If the table were made to include the stations where it was absent, or at least SO

rare that the vertical net failed to take it, the discrepancy between March and April
and .the other months would be still greater. ' The hauls for February, 1920(sta~
tiona 2004400 20048), are omitted from this table because the high average resulting
from them (about 2,000 per square meter) is due to catches of 5,000 and 3,000 per
equareeneteiiat the. two stations outside the' oontinental edge (stations 20044 and
20045), which-would undoubtedly be several times too high for the inner waters of
the gulf at; this season.
. In the western side of the basinParacalanusincreased in numbef'in'1915 froW

about 1,000 per square meter on May 5 (station 10267) andl,300 on June 26 (station
10299) to 16,100 on August 31 (station 10307).

, In the; eastern side of the basinwhere there were only about '1,100Paracalanus on
June 19 (station 10288) the vertical haul took 23,450 per square meter on August 6
(station 10304). On September 29 there were 850 per square meter atastatiop. in
Massachusetts Bay (10320), and the number had risen to about 14,000 by October
27 (mean of stations 10338 and 10339). A change of the opposite order at a neigh
boring location near Gloucester, where the number per square meterdec1inedfroIIl

more than '25,000 on May 4 (station 10266) to about 2,500 on August 31 (station
10306) and about 3,000 on October 1 (station 10324), shows how the formation and
dispersal of local shoals may more than offset the general seasonal augmentation of
the species at any particular locality. '

.Offthe .Isles- of Shoals a slight decrease took place from 5,250 per square meter on
May 14 (station 10278) to 3,170 on 'October 4 (station 10325); on GermanBank the
figure remained about stationary from May 7 (1,500 per square meter at station 10271)
to June 19 (1,500 at station 10290) and September 2 (1,600 at station 10311).

Notwithstanding these irregularities, not one of the October stations yielded lese
than 2,000 P. porous per square meter, and the maxima within the gUl~weremuch
greater in October (30,750 off Cap'e .Cod; sttition 10336, and 24,450 in Massachus~tts

Bay, station 10338) than in September (6,650 per square meter, station 10319)..
Thus it seems that there are actually more P; parvus in the gulf in mid-autumrttban
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a month earlier in the season ; probably more than in summer, though perhaps no
more than in May. This parallels its seasonal periodicity off northern 'Europe, for it
is usually most plentiful in the English Channel in autumn (Farran, 1910), with
its' plurimum falling in late summer and early autumn in the northeastern Atlantic
up to Iceland (With, 1915). '

Anotherfaet clearly brought out is that this species,like most other copepods,
maybe decidedly streaky in its distribution at times. 'For instance,· when eWe made
one of our richest catches of it (24,450 per square meter at station 10338) on October
27, 1915, there were hardly one-sixth as mahya few miles inshore (station 10339;
about 4,040 per square meter). Asa less striking example, there were respectively
3,600 and 3,400 at two stations (10321 and 10324) at the mouth of Massachusetts
Bay on September 29, but only' 850 per square meter ata third station (10320).
Tbismakes it impossible to draw any hut the most general conc1usionsfrom the
numbers of specimens taken until a much larger body of information has been
accumulated~ .

I have purposely refrained from discussing seasonal-periodicty for P.parvus on
the offshore banks for want of sufficient data. Until something is known of its
status there during the summer and autumn all that can be said is that it was slightly
more plentiful on Browns Bank on June 29, 1915 (470 per square meter, station
10296) than on Marcil 13, 1920·(60 per square 'meter, station 20072), but both catches
wereso scanty and the difference between them so small that it is not significant.
On the eastern part ofGeorgesBank-it was not taken at all at two stations on March
11, 1920 (stations 20065 and 20066),'but was comparativelyplentiful on April 16 and
17 (3,400 per square meter at station 10310; 1,640 at station 10311). Off the south
western slope of 'the bank; on the contrary, it was much more numerous on-February
22 (5,000'and-3,000:per square meterrrespectively: at stations 20044 and 20045) than
on May 17 (only 400 per square meter at station 20129), contradictory observations
from which no conclusions can' be drawn. '.'

, Vertical'distribution.--With (1915),has described the species as usually neacche
surface in the northeastern Atlantic, and themajerityof -records.ofit in' other seas
have been from shoal towings. In the Gulf -of Maine, however, it showed no ten
dency to congregate in the uppermost strata during the spring of 1920, for it was
detected ina-smaller percentage (10 per cent) of the surface hauls than of the vertical
bauls, and only in small numbers at these few (table, p. 303). Little can be said of
its vertical distribution in other months of the year because thecopepods have not
Yetbe~nlisted from any of the surface hauls for 1915or subsequently; and a record.from
a verticalhaulmerely locates the specimen somewhere between the top and the'bottom
of the, water: It is probable, however, that most of the specimens collected by the
'/i[alcyonin 1920-1921 (table, p. 304) eame:from the general level at which: the nets
Were working horizontally-e-that is, from.depthsvarying from 20 to 240meters;'i

The average depth ofrall: tneV'ertical hauls .which had more than 'the average
nu.mber of P.par1YU8'is 127 meters, and the founriohestcatches.of ell-s-that is"those
with more than! 20;000 P. parvu8 'per square meter (stations 10332, 10338, 10336, and
10338)"'-werc,respectively, from 50-0, 80--o,50-o-Q,and 80--0 .meters, locating the zone
of chief abundance for the species as shoaler than lOO,to125met(lrs.,
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Ilelatio'nskip to, temperature and. salinity ,-,-Thegeographicdistribution of P. parvus
in the ocean in generalrpoints to moderately high. temperatures as most favorable
fbr it, justifying Farran's (1910) characterization of i~ as a tropical and temperate
species. 'I'he.manyrecordsof it in the Red.Sea, around Ceylon, and in the Malay
Archipelago, often from hauls no deeper than the intake pipe of asteamer's pump
(A, Scott, 1902), make it probable that .no .temperature ever prevailingin the open
sea is fatally high or.evenunfavorably so for it.. : Toward tl;leothfjr,:extreme,the
presence of P. parvusat so many localitiea.in the Gulf of Maine in February and
March (table, p.299) proves it able to survive cooling down to 3.to 5°. In fact, the
actual localities and depths of capture locate it in water fractionally cooler than, 2~

at three different stations:" but most of these February-March. records are from
localities where the .temperature was.above 3° at some levelbetween the. surface and
the bottom (stations 20044, 20045, 20046, 20048, 20054, and 20081). Specimens
drifting into colder regions or levels of the gulf in early spring may perish, as any
animal finding its optimum environment in high temperature probably would.

Thus, the zone close.to the coast may well be a deathtrap for this,copepod during
the coldest season, but the stock living in the basin can avoid winter chilling by
sinking to the deeper levels, where it would not experience a temperature lower .than
4 to 5° inmost years. Therefore, it would not be surprising if more extensive study
proves its .zone of maximum abundance .in the gulf to lie ata greater depth during
the coldest season than during summer and autumn. Tending .to corroboratethis
prediction is the fact that the richest catches for March' and April (stations 20054
and 20115). were in vertical .hauls from 250 and 295 meters, respectively, where the
temperature below 150 meters was 5.° or higher; .and that the vertical nets fished
throughzones of water 'warmer thanj.O? (below 100 meters) at the localities of the
"rich" catches off the southwest slope of Georges.Bank-for February (stations 20044
and 20045).

Previous records locate P. par1YUS in salinities, higher than;40 per. mille in the
Arabian Gulfand ,aslow as 19.33 per mille in the. Kattegat, ' Inaddition it appears
indifferently oceanic or neritic, occurring from the open sea, on, the one, hand, 'to
tide pools, on the other (fide Dr. C. B. Wilson). Therefore, it is not likely that the
variations in salinity which obtain in the Gulf .of Maine are an important factor in
influencing its distribution there. Perhaps no member of the crustacean plankton
of the open sea can accommodate itself to greater fluctuations in the salinity of tl;le
water than this little copepod.

, Endemicity and immigration.-'-The spawning of P. parvus has not actu,a1ly been
recorded in, the Gulf of Maine, but the fact that. the species occurs there throughout
the year and is about equally widespread from month to month, though with ,II

definite periodic cycle in its abundance and in the regularity of its distribution; ,jt;l
strong' evidence that P. par'1YU8 does reproduce successfully in the gulf, and thll-t
enough of the stock survives the winter to multiply to. the frequencies recorded for
summer and autumn. . The monthly averages for the percentages of stationsll-t
which the species.', has been taken .. and for' the numbers of epecimenapecsquew
meter both' point to May' as the .commencement ·of the' breeding season in the g~

41Station 20056, whole column coolerthan 1.19°; station 20058, whole column 1.39 to 1.43°; station 20081, surface 1.95°.
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bll~ it is not ;oleaa. how continuously reproduction proceeds .throughout the summer
and autumn.o» .whetherthe definite,wave of propagation from-September to-Octobera
which the catches.fon.thosemontha suggest, actually takes place. . . .

Economic importance.-Numerically, ,P. parvus usually forms only a small frao-'
tion of the catches of copepods in .the Gulf of Maine, the maximum percentage
recorded for any station east and' north of Nantucket being only 30 per cent in
one instance (station :103(3);.: The averages Jor the area thus limited have been
about 11 per cent forMarch,3, to 5 per cent-for. Aprilto J'une,.l5 percent for August;,
and 6 to 8 percent for September and October. Therefore, owing'to its small size,
it can. never be of much importance as fish food .within the gulf; but .the shoals'
which we have encountered in the shallows-off Marthas Vineyard '(station 10332)
J:nay serve .as alarge item in the diet of the.smaller and young fishes there. This may
also apply at times outside. the continental edge off Georges Bank, where P. parvus
constituted 30 to 5.0 per cent of the copepods at two stations on February 22, 1920
(stations 20044,and 20045).

Parathale,stds jackson! (Scott)

"The localities where thisspecies, has been taken (assembledbySars, 1903-1911)
ar,e,nlOstlyArcticand exclusivelycoastwiae, including the polar islands north of
Grinnell Land, FranzJosef'Land,and the north coasts of Norway and Finland. He
found it occasionally on the west and south coaatsof: Norway, the latter being the
1llost southerly station for it previously reported. .

Doctor McMurrich lists Paratholeetrie jacksoniocca,si<mallybetween December 28
and (January, 20 at St. Andrews, New" .Brunswick; more frequently (about 44 per
Centof the hauls} from January 20 until mid-May, but not at allduringthe summer
Or, autuIrln.Thegreatest frequency-e-latetwinter. and spring-e-falls during the
Coldest season, whichcorresponds to its Arctic nature. .,
. Probably P .. jacksoni will be found .all' around the coastline of the Gulf of Maine
in similar situations and in the.littoral ,zOne generally-to Cape, Cod, but not farther
south except as a-stray,
. It was never sufficiently numerous at St. Andrews to suggest that it has any great
11llpor,tance:in the economy of the :estuarine waters oLthe gulf, much less in the
offshore parts of ;the,latter,where it has not yet been found." '

Phyllopus bideIltatusBrady
• . , ' . • , . I . ,

This species, first described (Brady, 1883) from .a single specimen from the south
atlantic off the mouth of the Rio de 10. .Plata in a haul from .2,650 fathoms, has since
1:>een recorded by Qiesbrecht(1892) ,from the eastern equatorialPacific, from-the
GUlf of Guinea at a depth of 5 fathoms at night and 360 by day by,T. Scottd(1894);i

a.t,San Diego, JCalif:', ,by Esterly (1905) ';,intheMalay Archipelago by A. Scott (1909) ;
~l).doff the west coast of'Ireland by ,Thompson (1903), Wolfenden (1904), and Fs,rran,
(1905),; but .in subsequent publications; (Farran, .1908; Wolfenden, 1911) the last.
two authors have referred .their Irish :speci1llensto/two.new species,.since described

y Farr~n (1908) from that same region under the names belgreand impar.
. 7589s-22~i8 ' .
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, So far as I can learn, the genusPhyllopus has not previously 'been reported'
anywhere along the eastern seaboard of North America, hence two female specimens
recognized by Dr. Q;"B. Wilson in a vertical haul, from 80 meters offPenobscor
Bay, April 10,1920 {statiori20097), are of.interest.

. . :.' .", I '

, Gerrus -Pleu.rom.anarna,

Four species of this genus have been taken occasionallY'in the Gulf of Maine->
P. abdominalis (Lubbock) i P. gracilis (Claus), P. robusta(Dahl), and P.' xiphiiis
(Giesbrecht).' ,These are iall-rtrue oceanicforms,widespread onothe high seas in
tropical andtemperate.oceens, and as they. are only strays' in. the Gulf ofMaine a
briefoutline of their geographic distribution will suffice. . '

P.abdominalishas been' taken at many localities in the eastern side of the
Atlantic from the Cape of Good-Hope (Wolfenden, 1911) to the west of Ireland
(Farran; 1908), in the North Atlantic between England and longitude 46°,and in
the Gulf of St. Lawrence (Herdman, Thompson, and Scott, 1898). There aremany
records for it in the Mediterranean; it has beentaken repeatedly in the Red Sea and
right across the northern part of the Indian Ocean (Thompson and Scott, 1903;
Wolfenden, 1905); commonly in the Malay Atcmpelago (Cleve., 1901; A. Scott,
1909) ; and at stations widelydistributed over the Pacific, both south and north-of
the Equator, including San Diego, Calif., where Esterly (1905) describes it as common;

P. gracilis has been found over much the same geographic range in the eastern
Atlantic (Ireland to the Cape of Good Hope), in the Mediterranean, Red Sea':
Indian Ocean, and Pacific, ·buthas not been-recorded so often.

P. xiphias is so fan known from the Atlantic between theIatitudes of Ireland
and the Cape of Good Hope, the Indian Ocean, Malay Archipelago, and Pacific;
where it has been reported-at San Diego (Esterly, 1905) and in the tropical belt'
between 3° S. and 20° N., 99°W; and 1600E. -(Giesbrecht, 1892).

Up to the present time P.robusta is known only from the Atlantic between the
tropical belton the south (Dahl, 1893) and the latitudes of the Faroe Channel' and
the coast of Norway on the north (Sars, 1903), from the Mediterranean; and frOlll
the Red Sea. It is, ,it seems, the most northerly-of the four species of the genus here
mentioned and the onlyone which has occurred often enough at the stations of the
International Committee for the Exploration of the Sea in the northeastern Atlantic
province to be treated by T. Scqtt (191l) in his resume."

Previous records for the four species of Pleuromamma off the Atlantic seaboard
of North America, outside 'the Gulf of Mairie,are as follows:

P;abdomiiwlis,riear SambroBank and' outside the continental edge off NoV'~

Scotia; June and July, 1915 (Willey, 1919, threestations);alsb Gulf of St: Lawrence;
as just 'mentioned.' " ' :

P. gracilis, two stations on aline across the continental shelf off Marthas'Vine-:
yard, August, 1914; and-bne-off-the continental edge southeast of Georges Bank;;
July 22 of that same year (statiohs il0220j \10258,10'260; and 10261'; also one .record
east of the Grand Banks ,(Murray 'and Hjort,: 1912, pi 65'4)., ,

'., . .",.. -~

.. The more Important' locality ~~~~~ f~r;the~en~ hav~ b~~~' c~il~ctlld by Ol~brecht (1892),~~~mpson a~d S~tt (1903), )..
Scott (1009), Wolfenden (1911), Farran (1908), T. Bcott (1911), Bars (1903), and van Breemen(1908). "
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P~ /roDusta, two stations outside-thercontinental-edge between ,thelatituOes of
Delaware, Bay and; New Y6rk,rJuly, ;1913 (stationS10064"andlO071)roD(lstation
out;li<le the edge off_ShelbwI:le,_Nova Scotia,July _28~_191~t_(sta.:tiQJLI023;n;one

Canadian fisheries expedition- station outside the 'ci'lntinentaJ,edge.andthreeqver
the outer part of the shelf otYNova Scotia, July, 1915 (Willey, 1919); and one Mic.""~l
Sars station east of the- Grand ;Bt;tpks (Murray and Hjort, 1912, p. 654). -

: P. xiphi~,one station outside-the con:tinentaledge off Delaware Bay, July 20,
1913:(station 10071).. Th~ Oanadian:fisheri~sexPeditionof 1915 had it at ',o1;1e
Jun:estation in deepwater off the mouth_of~4e:Laur~ntian channel, one July station
'~ea:rSa:ttlbroBank and one outside the continental edgeotf Cape Sable (Willey, 191~);
It "faa also listed. by Sars from the same Michael Sar« 'station east of the Grand
Banks which/yielded gracilis and robusta (Murray and Hjort, 1912,p. 654). '..

. It is probable that when the ranges of these four Pleuromanimasare bett~r

un~erstood it will be found that all of them are universal away from land over. the
temperate and tropic latitudes of all oceans. Off the eastern coast orA-merica, the
~on,tinental edge and the outer part of the continental shelf would seem their normal
Inshore boundary, along which all of them may be expected in the warm, highly
saline waters of the inner edge of the so-called "Gulf Stream" as far north as the
Grand Banks: but the presence of abdominalis in the Gulf of St. Lawrence and the
~ulf ofMaille records to be mentioned next show that on occasion they may drift
Into distinctly neritic situations.

One other species of the genus, P. boreole, is to be expectedin the Gulf of Ml,tine,
havin,g been found by the Canadian Fisheries Expedition of 1915 at five.stations off
:Nova Scotia (Willey, 1919) side by side with the others; but as yet it has not been
detected in the Gulf of Maine towings. .
. The several Pleuromammas, like other planktonic animals which' are purely
Urllnigrants, and uncommon ones, in the Gulf, have most often been found in the
eastern side-that is, nearest their path of entrance (fig. 82)-and in the southwest
part,which they may fairly be assumed to have reached via the anticloc~ise eddy
Which dominates the circulation of the gulf. '

If the datasb far obtained are fairly representative, abdominalis (only one
record) is the least common of the four species in the Gulf of Maine, whereas it.is
the only Pleuromamma yet reported from the Gulf of St. Lawrence and the most
cOlfuuon at San Diego (Esterly, 1905). Pleuromamma has been. represented by
SCllittering specimens in the Gulf of Maine tows, its numbers per square meter working
out ll8 follows.for the spring stations of 1920:
~7';============;=====;;==============;====

'",<,;',,',:. ;'C','"
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, The:suJIlIrier,records inside.ohe-gulfendtovee.bhe, shelf: off MarthasVineyard
have Iikewise been i fo,r, odd; specimens, hut on ,A'I;lgust'26; 1914 (station; 10261)r P,.:
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FIG, 82.-0oourrence of the genus Pleuromamms In the, Gulf of Maine. A.locallty records for P. abdominal/so' G.locallty
records for P, gracilla: R. IOCllllty records tor P~ robl.\l!ta: X, locality records for P. :rlphlaa: e. locality records. i~O~
Pleuromamma species (1), The dates are the years of record .

gract'lis was the dominant copepod outside th~continentaledge off Marthas Vineya~djl
as P. robusia was at the same relative position off New York on July 11, 1913 (station
10064: Bigelow, 1915, p. 287).
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.Ttis interesting that· 80,per'centofthedO'reoords:o'foGCurrence:within the off
shore banksofa genus .whose.soureecis undoubtedly-theroceanicibasin outside.the
contiJ;1entaledgeshould.beforMerchrand April, when the.temperatureis'Iowest, and
only two forthe.summer-autumnseeson (P,robusta,!station 10100, August 13, 1913;
P. abdominalis,station, 10246', August 12;1914):, whereas our summer stations .alone
have yielded this genus outside' the banks.'l, However.iwith the-possibility that a
rarespeciesD;la~be overlooked, among ;, the masses" ofCalanus .and other of .the more
plentifulcopepods taken in, the horizontal hauls" thefew.records do not show at
'What season the genus as: a whole (oranyone of.Iits.several. species) is-most, likely
to .enter the Gulf of Maine.'

It is not.Iikely that.Pleuromammaeuceeeds in breeding. in .the gulfj..but the
geographic distribution of the .reeords ..indicates that individual' specimens maybe
long-lived there.N0 relation is apparent between the occurrences of Pleuromamma
in the gulf arid high.ttemperature, .for its presence has been established. there in
readings .as low as 0.49, to 1.95° (station 20056), and the two midsummer records
may have been from water as cold as 4.22° and 7.58°,.though, equally" the fewspeoi
Inens involved mayhave.beenpieked.up by the open netnear thesurface in a much
higher. temperature... !. " . .

Pleuromamma has.netbeen taken: on the surface in the Gulf.:of,Maine, but
none of.thehauleproducing it have-been-from-deepen than 175 meters and all .bus
.thre!l<>f, them were as shoal as ,100:meters, or shoaler, pointing to the strata aboVie
thelatt!lrJeveLas.·the. region whichit-usually inhabits in thegulf.:AtSan .Diego
Esterly (1912) found both P. abdominalis :and:P. gracilis comingt nearlyaor-quite
to ,the surface during the 'night and sinking to considerable depthsbyf:day, chiefly
tOf:deeper than 150 meters: Similar diurnalmigrations; though not so deep.i.are
to be expected of the few specimens unfortunate enough, to stray .into, the Gulf
of Maine.

. Pseu,.do~~~n,us elongatll.~:,.B~o~4~

Thisisa northern species and one of the most widespread anda;bundant cope..
podsinth~ NbrthA:tlantic region and in'the'Arctic,where it is circumpolar. The
records 6{:its llistribution'have!recentlyiheen summariz~dbyFarran"(1910) aml:by
'With(1915)1 On the; European-side its southern boundaryeeems: to be the .Bliwk
Sea' (Sars, 1903,; P: ,154), the Mediterranean; and the ,Gulf of Suez (Thompson and
Scott, 1903);:whichitwould:~eei:n :(;o'llave;,reac'hed·:Via the Suez' Canal, not being
known from farther down the Red Sea or from the Indian Ocean.iIt is'Wldespread,
probably universal, northward from Gibraltar to the North Sea, along the entire
lell~th of the coast of Norway, and far up illtothe Baltic. It is reoorded near the
~~'.V.Siberian Islands, repeatedly and at mauy)ocalities in the White Sea, about
SpitZbergen, off Jan Mayen, in the Norwegian and Greenland seas, about the Faroes,
~~eland, northward to Diskoaion~"W~st Greenland, from East Gr~enland, and
r,lght across the North Atlantic from. England to the Gulf of St. Lawrence'.'
______ ',' -.";--::1:'

1/ ~one lit stattons 20044, 20045, 200118, 20069,20071. 20109, February-April, 1920. ,'''!' .",', . . ,.
II Accordingto With (1015) the P.,mlnu!UB of Kr;yer WIl8 based on lmmatures of this species,which should tbereforeboor the

~~ ml1futUB; b,\ltqI\tp tbll ,chl\~gllis gllnll~IlY,l\9OIlP,tlld br· ~t)l~el!tl! Cll thll group, (WillIlY's ,(10:lQ, ~921~,rll\lllnt,oolJ!PlIlJ,liC\!otiona
I USIl elongatUB)ltlsll8,wellto lollowthe mOrl! gl\Dllfll!. ~gllln 1\.p,lIJl11r not coneerned with systematics"
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In, Americ8:ll!JW.aters·it'lhas! been; taken' as 'fa'r .southron, the' Pacific -eoastes 'Puget
Sound;(Giesbreclit'andSchn:ieil~~i189S),hat apparently-itedoes-net reach San iDiego;
hot having: been found-uherebyEsterly. Willey' (lMO)'recbrds'itifromsouth ioI'the
:ATh:ska: ~ Peninsula,' <from: Bering Sea;·and.from" several localities along- .ihe!iArotic
coasts-of :Alaska and. Canada." On .the '.Atlantic side it··occurs in: the Lahrador cur"
rentdoff,the'Straits 'of Belle Isle '(Herdman,! 'l'homp'son;' and 'Scotti, 11S98). -The
Ganadianfisheriee texpedition found it, one, (lithe: most.pleatiful-of .copeprids :in'the
Gulf of StcLawrenceend.had.it at unost: of; the;stttions!between the N~wfdundlarid

and ;Scotian:Banks,':as: well as .along;No1;a';Scotiai,'llhough: not in such.abundaace
(Willey, 1919). Wright (1907) also describes it as abundant'off';Cariso;,Novti
Scotia, in. July, and: August;8.rrd as-L'haverremarked: in several previous' communi
cations', Pseudocalanua. is one of •the most characteristic .members of 'the copepod
community 'bftheGulf 'of Mainer. West andsouthof this. it is much less 'abun
dant: aird'anoreseasonal, In warm' summers it-probably finds its 'farthest bound
about,:New'York, judging from: the·factthat ,it hasnote been, reported at Woods
E:oh:l'during the. warrn half of the year; though Fish (1925) found it there in winter,
and from our failure: to' find it at any ,of the mine ,sbu:~hern: IStation:s;in 1913 (Bigelow,
1915). In the cool August of 1916 it was recognized at three stations on thecon!
tinental shelfioff NewYork (stations 10363" 10364} and 10365) and may have occurred
atothersFfor:only a preliminaey.examination.hasbeeti made: .,In September, 1914:,
it was taken just outside the continental edge offfMarthas,Vineyard {stationA0260D,
and-ih .October, 1915,i't occurred at all three ste.tionsacross ·the :cdntirientaUshelf
on this.line: (stations 10331 tol0333i;"table,' ,p: 298);1 It enters' Narragansett !Bay iii.
J.anuary .andFebruary (Williains,d907)+ arid-Dn.C, ,B;"Wilson (in.a-letter) writes
thathe has" examined specimens.taken in winter aidar south, asthe ,thirtY-l'!eventh
parallel of latitude, opposite the .mouthof 'Chesapeake Bay/'ithis being'ithe'IDost
southerly record of it along the seaboard of eastern North America. .' ,,' ,"

Gulf of Maine.-Pseudoca.lanus isnell.rlya:s 'universahis Calanus jinmarchicus in
the gulf, indi:{leren'tly in, the coastal ZOne, in the deep parts:()f ,the;ope;J;l basin; and- on
th~ off-shore banks. . Evi~ently it.if! a, constant member, o~:tlW p\llo~l;;toniqf J}ulf. of
Main~ harbors, .the Gramp'!iol! having had it 1iJ;l, .Gl<;>uces,ter,. ;ij.ock,po,t't" arrd Kitter,y
{~igelow,i 19n.4,p. ,116)., "Doctor McMurrich took it at, St. An.drews, whwehe ,lis.ti3
it for 71 pen: cent of the ~6.o toW's .covering all. seasons of the ,year. .Since 191;3 i~
MB.be,en, recognized in the folloWing proportion ofthestatiol).s for which tthe. cope
pods. havebeen listed: 49,'

. Date

, : .,',. '

'i'" I' TIi'esnmmtlr Of 1912 and winter of1912-13 nrenotln'cItiliodbi'tbls clilriullltion becaUSe there is fliallol:t to 'bellevetblltl'sMiocl."
ealanus is underestlmated In the,publlshed'lIsts because of the tiets'employe'd'(Blgelow; 19a;p. 115! 191411, p;40l1): " ... '
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We:have.found it at 77 per cent ofthe, stations' on Georges, Bank.andthe.shelf
off MarthasVineyard,72 per cent of the stations in the basin asinclosed by the lOO~

meter contour, 86 per cent in the coastal zone inside 100 meters from Cape Cod to
Grand Manan, 77 percentin the coastal zone alongwestern N()y~ Scotia"86:pef,,cent
in the eastern and northern channels, but at only half the stations on Browns :Ba~k
and 65 per cent of the stations outside the continental edge. , ! :

Thus, on the whole, Pseudocalanus elongatus is somewhat more nearly universal
close along shore than out' at sea in the gulf (fig: 83); but the regional differerioe
is so small inside the continental' edge that it' maybe of no general significance and
merely the result of one haul chancing to pickup and another to miss scattered
specimens at times and places where the species is scarce. .Probably the apparent
infrequency of this copepod on Browns Bank is to be explained in this way. • !

Although P. elongatus is so nearly universal, the numbers actually present at
any given time have usually averaged larger in the basin, iIjl the 'entrant channels
(northern and eastern), and along the offshore slope than anywhere in the coastal
belt of the gulf inside the 100-meter contour. The locations of the stations where
the number of specimens per square meter has been larger than the average for, the
respective month and year afford a graphic illustration of this localization of the
rich catches in the deeper parts of the gulf,for 22 out ,pf 36 have ,peen outside
arid only 14 inside the 100-meter contour (fig. 84). ,: Otherwise expressed, only ,20
per cent of the shoal catches have been above average, as contrasted with ,49 per
Cent of the deep hauls. '

The "rich" catches in the basin have been distributed indifferently, from the
west side to the east; but this correlation between the abundance of Pseudocalanus
and the topography of the bottom does not apply in the southern part of the area,
for rich hauls have been made over the outer part of Georges l)ank~nd on the, con
ti1jlental shelf off Marthas Vineyard, while all records of the species so far obtained
from farther west and south than this along the coast have been \Veil inside the
ldO-meter contour. '

, ': Vertical distribution.-In the northerly part of its range P. elongatus has been
~oUnd commonly at the surface in other seas as well as at various deeper levels, and
It~ presence is established down. to about 900 meters by the use of the closing net
(Wolfenden, 1904), but its chief zone of abundance lies above 200 meters. The
Cltnadian fisheries expedition took it as regularly at the surface in the Gulf of St.
L~W'l'ence as in deep tows down to 150 meters, and apparently about as abundantly.

'The grel:!-t majority of records for this speciesin the Gulf .of Maine have been
b~sed on hauls from depths greater than 50 meters, not so much because of a con
centration in deeper ,water as because the deeper hauls, horizontal or vertical, have
been the basis for most of the lists of copepods. During the Albatross cruise of 1920
Pseudocalanus was found regularly at the surface as well-as at deeper levels from the
,~st week in February until the last week in March (about 9,0 percentof.the stations),
,lr~~~pectiveof locality, but.Iese !requen£ly (only about, 42p,er'cellt of tp.e stations)
,p¥:ough AJ?r~'aIld May(table~p. 303). , It is p,robable that this(}hang~resultedfrom
,a ~eneral tendency on its part to desert the upperl,llost stratUJ,ll,as the season advallces.
It 'was'detected at only 'three of the six stations where the surface net yielded enough
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copepods to be worth listing in 'the summer of 1914, but its constant presence in surface
towsat St. Andrews the year round (p, 276), with the Grampusoaptures of it· at the

41'

4

-I-

x

71'

x

70' 88'

+

88'

88'

1,3'

4Z"

FlO, 83.-0oourrence altha eopepod Pstudocalanm elongaluB. X, localltyrecords. June to-October; .•• December to May

surfac~ in Otb,erharb9~s itlm~ds~~er, prov~s thatitis a,lways to be exp!ecteda fet
meters downandisbrought up by,themixing effec~ of moderately:st~ong ~idal c~rrents.

. . I have been unable to find evidence ofas~ratification of thissp,~ciesat .aD;Y
'definite depth in the gulf: The concentration ofthe.richer catches of ~seudoca1am~s
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in ;the deeper parts of thegu).f,togetherwith the.factthat the.averagedepth of the
36 hauls yielding more than: the "average number-of specimens ,per square meter for
the respective month and year has been 164-0 meters, but only. 113--0 metersfor the
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':FIG, 84.-LlJcalltleSwhere the vertical hauls b.aveylelded more'Pattulocalanm elonqatu" per 'S~URrern'et&r of'sea~rea than
, ·.the average for'the r8$peotlve,montb, X, l,une to October; •• February to' May' :

80~bdd'hauls ;iieldi'ng l~ss th~n tlleaverage"xiuriiber of I~pecinl~ns,d6es" h~tiuggeSt
any impoverishmentofPseudocalanus in the deep strata of the gulf; such as is-demon
strated for Oalarvus finmq,rchicus(pp.203,205),." .O~ the other4a.p.d., tlJ,~l,'~;4ul:6thing
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-in the data here offered :toindicate any tendency-on the P·1l.rt' of P. elongatustokeep,to
-thedeepest-levels; nor-can, Loffer any' evidenceof diurnal vertical migration'on its part,
though this .issocdrmnon a' phenomenon among copepeds tthat .more detailed-study
oftheoccurrence of the speciesislikely to show it insomedegree,

SeasonaZcycZe.~PselJdocalanus.can not be described as definitely seasonal any
where-within rthe gulf.. 'This appears both from the percentages of stations: at
which it has been takep in .different months, the variation from month to month
b~ing no' gr~ater than the chances of the. hauls, and from the distributional chart
(fig. 83), which. proves Pseudocalanuepresenuinal] parts of the gulf both in the
summer-autumn 'and in the 'winter-spring seasons." However, if the records be
cqIlsideredby locality, the following regional diffe~ences appear: In the coastwise
zone out to, the 100:-meter contour, from Cape Cod to Grand Manan, the frequency
of occurrence (percentage of stations) has been about the same for one season as
for another," and Pseudocalanus was taken with equal regularity (70 to 80 per cent
of the stations) over the western half of the basin west of the longitude of Mount
Desert Island (long. 68° 3Q' W.) in July-August as in October-January, February
March, April, or May-June (the copepods have been listed at 39 stations from
that regionj ; but while it was recognized at three of the four December-May stations
over the shallows west and southwest of Nova Scotia, out to the 100-meter contour,
it failed at two out of five summer-autumn stations there. It appears in the lists for
only eight out of 17 July-August stations in the eastern half of the basin, east of
longitude 68° 30' W. (including the Eastern and Northern Channels),where it was
taken at every station for September, January, March, and April, andatfour out
of five May-June stations. ... '. v '.

On Georges Bank and over the shelf off Marthas Vineyard 'it likewise occurred
in all the vertical hauls for the spring of 1920 but failed atfouroutofeight July
August stations in 1913 and 1914, though present at all three, stations off Marthas
Vineyard on October 21 and 22, 1915 (stations 10331 to 10333; table, p;298). Our
few.hauls outside the continental edge abreast the gulf also point to a definite and
similar seasonal cycle for Pseudocalanus, it being present at six out of seven of 'the
December-May stations but at only two of the five for May-October. Thus, while
Pseudocalanus is uniformly frequent throughout the year in the western half of the
gulf, irrespective of depth, and along the northern coast, it occurs somewhat less
frequently and regularly in the southeastern and eastern part during the two-month
period, July-August, than at any other time of year. Apparently it follows the
same seasonal cycle, but with a decidedly greater impoverishment in summer,on
the offshore banks and in the more oceanic water outside the continental edge,
though more tows are needed in this region before a final pronouncement can 'be
made. '

, It lIl.ust,beborne in mind thatanjrplanktonical1imal mayor may Bot be taken
most frequelltly ;w;he,I1most abundant, (may .evenbe most .frequentwhen least
numerous), therelationsbip between the, two-measures-of ,occurrence depending on
,~~~., ~,nifo~~ity,f :o~.qi~,W~!1.~io~. Ip.A~e case, of,}?: j~Z0Tl:g<;t¥~ t?;e4a,t t1 :~ff9rp,~4~

• ,'O.In'C:OIl~rllllt, 90xnpar~tAe seasona; :1luotuatioIlll!II thAI regional plstrlbutlonof sucb,anilIt,unlgrllnt,specles as '$al/I//a ,,,-raiD'

am/atl1 (p, 329). '" '. : ',' .,' ,',., .. ... ,. " . . , ...,. . . ," . . " " ,
,':' ' , II Eigbtj.'1lVe per'cent'fotDecexnoer-Moy, gO per cent forJUrie-October;total numberofhauls;51; ,\
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AUg\lSt~ 'I 'Octobe;:
September (oul}' lstll·

tlon)
; -I': t'

Basin lIS II whole __. __. __. .••__ , •• , •• :jLi'"i~ .. ":_' rl I'·: 1,'068[ • '(}56
Bastn ellStoClongitude 68° 30' W __ ..__ _••••••••••_.... . ' 1,083 '" 811'21, i j 1: : ';IL; • ,il ,: i ~ ; , i it"" ' T ;. . '>' '" ,,-. , ; ~.r ;', I .,: Ll j If:'

.thEl"+ertieal rhauls 'f6r 119'l5ailtl1920 ;(tablesvpp» 2971
f ' 299). point ino agreatet'abs~lute

abundance o!verlih~ areatas 18: whole' inlatEl summer and .autumn than in:early 'spring,
,constantly; inClleil.13ingl from! MaTch until:October, with av.erage numbers: per' square
meter, by months, for the years 1915 and 1920, as follows':>i;February~¥arohj'685;

April, 501; May~uneii2,238; ,August:--Septenib.ei.,.5,72B;' and October, 8,4'56;
·If: the year: 11913 .bedaeludedoin: the ,balcul&tion·'(J3igelbw, i915,table~'P..286)1,

-ths. August:, average! would mount' to- 19,834,: malcing,!~h~s.;thei:seasonalmaximum;
:bukthe,.possibility. iof "an"annual as; iwell.as ,a .seesonalfiuctuatiqn-must always be
;kept'in, mind. " , ," .x-: 'i :i;,} 'J!' 1

! I ;! Tne seasonal 'cycle for 1915'iand' H120 'in: the coastal izone 'be,twElenAmpe Cod ia:nd
Grand Manan paralleled the figures just given for the gulf 00 a whole, withuthe
averagenumbers:!of,B.:elongat1is at1gmenting:from,abou'1i300 iper square meter in
Maroh....April, to" 2;124 for, May-June !(or 1;699" ,if the ;stations where it failed as-well
as:,those'whereJit 'occurred' are counted) , :2,819'01" 3,19.4'1<fof' August~epteIri:b.er; "and
17,622.• ord8;tt'I'OufdriDctooer; i depending! ion which,:boois '(llF calculation .blVefuplbyed.
The vertical'hauls .iri: the deeper-parts- of'tne gulf show.ai similar seasonal augmenta
-tion from ear1y'spTing'to',September,"wru~thebforv-the: basin as a whole or for-rita
eastern halt-separately, :as follows:·" :

i .: Ave;dge'~u1it~ef1 jjJr 8qu~re; ~et~l',' by h,;ohths,: ,cOlthtihJ ''ontV the: ;ta(ion~ 'of 'o6cl1rrencie·· i
':; , ! ""',i;; T :<.; l ~~;Ii '\:n ,:' ,-;j;' !; :! "j:":':: ,;,~ ;.';;';~" '.j,:

'\ /.1 d :,ji ;q::,'/'; i' ;,~ .: : t , /;:L :'I!~ In ;,,~,;, ;:':'~ i" -' ':,:.': ~'~

':. " VxHRftJ\U;l,at~lx,nothing' can besaid.as;~8:s,et1-~qna;lflUC01.1aM()lls, intll~ ;~bullQ.8:~c~

:9f ,:p,. ~,e~gn{/f1rt1M,l, ~ ,distiIlg~islled f1'9mitElfre,q~~~~;y; .op.·, G~Ol'g~El. Bank QJ: ()~ts,id~,t~e

,contiAW1~a,k~qg~",no., ve;rt~ptjll1auls,beif1g :ata~~~b!e;~J;1,<tllc(3}or. sBm~~r.j , !, I "'"

Breeding habits.-In the northeastern Aflfl:n~l9,~~p~ly)},clul~,spec~Ip~n,sof b9tl1
se:x:e~ h,a;y;e b~~D; repqr~ed;r;eRe~~edly at. Vari(lUS~~El$, Aetwee!l.~pri.I Jtn~ Sep,t~1p.b(3r (for
,~;sWAJAarysee ,W~~4i1,915)"ap.d, s~p.ce W;H~ey ,!(1.9~9,) 4,~~pri'm~~e.male~ witb.,egg~~n,d

,aHach,~d.spermat9Ph.or~s ~liOP1 ~P.13 G;tMf: of S~. ,L~iWt~?c,e,!or ;Augu~.tl' Fh~ .'bre~dWg

season fqr. P~~~d,o,c,alap.ulil:~gM be,exp~c~~~, tq; f~llj~, l,~te;:~Btipg a,nd through, ,~p.e
~Ulllmer)t;litl1~ ;PiuJto~ M:aPJ-e.\, "Dr,. 0, B. "WiJ$on,'V:rites,:ill a l~~tEll:!~ i

In Ithisconnecti6n ,it is.of Interest :tbreport ,thP.t,pJ~hough:thepr(lsent collection includes· speoi
lllens()f :t~s: !'lpeoies rtlJ,1{:elfilu~yery .mQI).thof tpeyell.f; e1'c.~pt. :November" not, a :single specbn,en
",as obs~f:,;e4 Wtthegg~. .

lIow~njeI!,:oo he.points.Qu,ti,sars's (19Q3,p. 21),discoverythatthe.ov:isao is .sc
v,ery,£r""gile, that it, becomes detached at the ;slightest .touch ',',rMdilyexplaiJ!1SfWilley?s
(l:lU9)istatement that. the. ovisace ofI1ILt1:le; femaleawere.ruptured, and! the fact
·:that)·!)\o)f~811es!wj:theggsweJ,'e ~Qund:in I'the pr.esentcollection.l'·,.:: ,;:',: .
'., '\INexMio'llhe actual diElcov,(jry.pf.,egg';';betl:ring::fema~es,theconstant presence Qf this
speeiesJin...thegulfi :its,}lJ)iversal distribu~ion 'ltnd.cOI\sideraqle abundan,ce.th~re, ap,d
the unmistakable seasonal cycle in its abundance are the strongest evidence that it is.
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regularly endemic there and ,that, the .maintenance of i,the local stock .ia primarily,by
local reproduction: The seasonal fluctuations in the numerical strength of the stock
point, to breeding as taking place .most actively fromJune':imtilSepteinber and .to
the entire gulf as its 'site.»

Relation to temperature .'and 8alinity.-P. elongatu8 has been 'taken over a: wide
range of temperature. Judging-from its abundance in polar seas, it thrives in temper
atures close to the freezing point; but, on the other hand, notwithstanding its north
erly distribution (p. 275), it has been found living in.the warmMediterranean and in
upwards of 20° in the Gulf of Suez. However, the species reaches its maximum
abundance ,and frequency-in seas and at' levels where the 'water.• is cooler than
about 15°.

In the Gulf of Maine its presence has,been definitely established in water as warm
as 20° (surface, station 10254; August 22, 1914) and 19.56° (surface, station 10256,
August 23, 1914); but its usual:scarcity at the surface during the warmest months
(pp.24, 277) and the great preponderance of records (vertical and subsurfacehorizontal
hauls) from temperatures below 12 to 15° would seem to set this astheupperJimit
for its optimum environment, even though much warmer water is not fatal either to
its existence or even to its reproduction-witness its :Mediterranean range. If the
rising temperature of spring is actually the factor which tends to driye Pseudocalanus
down into the deeper and cooler water in summer, this does not take place until the
uppermost stratum of water has warmed from its winter minimum to warmer than
7 to 8°, for Paeudocalanus occurred, rather more frequently on the surface in May,
1920, when the surface temperature averaged about 7.9° at the Albatros« stations,
than in April at an, average temperature of about 3.5°. ,

Any species living indifferently in the inner Baltic, on the one hand, and in' th~
open Atlantic and Mediterranean, on the other, necessarily exists over a much wider
'range 'of salinity th!Ln obtains iritheGtilf of Maine. Therefbre, it'isllot likely that
the 'details of distribution' of' Pseudocalanus in' i the gulf 'are'governed by' the -Iocal
and, temporal variations insalillitY'6btainillg there,'nor does ariyparallel 'between
'the two appear from what IS known sofar.' ' , , ' , ' ...~'
. Economicimpoi'tance.~In the English Channel, Lebonr' (191'9, '1919a:"'and 1920)

found'thatPs'eudocalaI1us' was, on the whole/ the'copepod' 'chiefly prey~dupollhy
all kinds of larval fi!?hes'andyoung-fi~hfry;aridsince'it:majT be,expected to play the
'sam'erMe in' the, GUl£: of Maine; '(thou,gh th~re.·ar~, no loco:l obse~vatidns bearingon
this point), probably it ranks next to' Oalanus finmarch~c'l18 in its:iIilportance 'in-the
natural economy of ·the gulf.« Granting Pseudocalanus second rank in:this respect, it
must still fallfar: behind Calallus, not only because its individuals are much smaller
but because it is seldom as numerous anywhere in the gulf. Thus,Pseudocalanus
'outnuDlbered" CalaD.U8 in only!eight out of 139 vertical-hauls between the longitudes
of Ma.tthas 'Vineyard and Cape-Sable'during theiyears cl1H3,1915"and i 1920, and
equaled it in three others. As arule there!have been from ,five to ten; times 'as many
Calanus as Pseudocalanua Jat';anygiven staltitjI)'.!;' ,Taking the veroical haulS! tdge'thet
f~r all 'years, for all localities west of 'Cape'Sable, and'foro:lI seliSOnSj PseUtlocalanus
has averaged' about 11 percent of" the -eepspods, .Assutning;.the Pseudoealanus to
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have been uniformly distributed) iVerticaftYithe' numbers' present per cubic meter
of!~ll-t~~ 'Yprk f PAt :~s fo,llqws ,fqr ,W,u", ri~l1e~tcat,c;h~s, ,0£the, species: : ' ,

-' ,

Station ; -: ; Pate .Number Station "
, Date, Number

- i

!~!i~~i~~~~~;~; ~~;~~~~~~~~~~;~;;;~~~
,:',; i.,' .;, ,.,:. ", ", .
Aug. 11.1913 119

tl:L:~:::::::::::::::::::::::::::: Oct. 21,1915 958
•lI:ug. '12, 1913 '; 666; Oct. i 22,1915 382
, ____ do__n_n 330 ,t~:~::::::::::::::::!:::::::::::~:::: Oct... 26,1915 287,
.Aug. 13, 1913 306 'Oct, 27,1915 306

- i" ,

Rhihcalan:ii.s: cornutus Dana

Thisspeci(is h~s its center ot disttibution in the, 'T~opicbelt~ ofthe thh~e great
oc~ans~; It has been described from the SuluArchipelago,froni' the Philippines
(Brady, 1883), and fromthe'w~stern Pacific between'latitudes'7°, S." and 15° N;'
(Giesbrecht, 1892). It isco,mmon in the Malay Archipelago (Cle"e,1901; A. Scott,'
1909)~ Thompson and, Scott (1903) had it' at ten stations in the Indian Ocean;
A.:Scott (1902) reports itfrortr the Red Sea; but up to the present I have found
rio record of Win the Medlterraire,an. The German South Polar e~pedition found it
Widespread inthe'South,Atl'antic(Wolfen1en, 1911)'. "To the northward it is reported
fromtheequatdrial'belt 'off. Aitica';ftbm the, Gulf of Guinea, whel'e T.. Scot.t (1894)
found it one of the most"commdnand Widely' distributed species; and. in the ~aste~1?
sideofthe Atlantic at a few stations up to latitude 52° (Thompson;1903). The
o'nlY'prev,ious, ,report.of iton the,American side is'fr~m.one station 'outside,the con
tinEmtaledgeoff Cape Sable by the Canadian'fisheriesexpedition,July, 1915 (WiU~y"
1919). 'So far as eastern NorthAmerican waters 'are concerned, the true homeo!
this: specieslies well outside the' continental edge, in almost Tropic temperatures and
high salinities. ". "',, , '. '. .

In the Gulf of Maine this species is an accidental stray, appearing in the lists
fornine hauls, incltiding-bothllorizontals and' verticals (fig. 72;' tables,p. 298~305),
the captureswithin the gulf being inth~n.oJ;the'astern'part ofthebtisin, off ~enobscot
Bay, off I Cape Elizabeth, off the 'Merrimaci'River;"ahd in Massachusetts Bay, a
IO,calizati6nalobg theriorthern'and.western'~hores :Wlllch :paralleisthe idistribu'tion Of
other immigrants. 'There are also two'station recordsforit'on the 'continental
shelf off Marthas Vineyard., ", " .

Two of therecords'forlR: bOfflutusio'the'inner:parVof the gulf' are for March,
two for September, andthree'for DMeIhber." 'Evidently it may enter at any time of
year, and is abottt' asapt to'M'Boat one season as"anbther. The records off Marthas
Vin~yard wete'fdr'Octooer'21and22, 191i)"(tablll, p.298)~ , ',,"
'There is :no'~easontosi1pplose that this copepodisableto bre'edsuecessfully'
Within' tlI~' gulf' ovio esta:blish Ii permanent foothold there; the 'records from within
theg';1lf all being for ,scattering specimensruptoa ftequencyofabbu~455pet~quare
nleter'off!'Mas'sachtise1it!f Baj,Sept'ember 29,Hn~ (station 1032.1),' a,t. fuost 2 per
Cent' of Itlrel 'copepods:,,Off' ¥l1ttpas 'Vineyard;.however,;the 'vertical haul 'yi~1de,d
about 2~OOn per 'square ineter'at one station (10333).
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"Rh,1:Q,¢JtJ/ltn~:.nas;u.t~GlesQrecht;

This is a typicallyoceariic'speciek,W:arIIl tem'p'erate in :it~ telationship t</ te~';i
perature, and wide ranging in all three great oceans. It has been recorded widely
in the eastern Pacific (Giesbrecht, 1892; Esterly, 1905)', in'the Malay Archipelago
(Andrew Scott, 1909 62) , at several localities in the northern part of the Indian
Ocean {Thompson and Scott, 1903; Wolfenden, 1905),andat the mouth of the
Red Sea (A.. Scott, 1902). In the Atlantic itis known froni latitude 35° 10'S., in the
south (Wolfenden, 1911), to Denmark Strait, the sea south of Iceland, the neighbor
hood of the Faroes, the Norwegian,sea,andthe northern part of the North Sea in
the north. , FarraD; (1910) and With (1915), who, hav.esumIllari~~d what isknown
qf its 4~~tribution"h!1veboth pointed out ,th~t!iJlthenortl1efl,stern,paJ:tof itsllFea,
of-occurrence-its-range is coterminous with, the. ebbings and flowingso]. the. highly
saline and.comparativelywarmwaters of the, Atlantic. current, This applies, equally
off the, Atlantic, seaboard .of North Ameri~a, where it ):l.as been takenoutside the
continental edge off .Chesapeake BaYI Off Delaware, Bay" and ,o,ff New York in the,
summer of 1913 (stations 10064,.lOQ71; and 10076); ,pff peorgesBank, July, 191<.1:
(stations 10218, and 10220); off Cape Sable; o:ftSaple Island; and off the mouth
of th~ Laurentian .,phanne~ between the; Nova Scotian and New,fo.un,dland Banks;
June,...July, 1915CWWey, 1919, 7stlLtion~) ; also east of the Grand, Banks by the,
Michael Sare (Murray and Hjo,rt,1912, p. (\54). , " '

, Within the Gulf of MaineR. nasucu« has much the same status as its, close.rela
tive R. cornutus (p. 283),there being JOrecords, 'allbut one of them in the peripheral
belt, around which they arescatt~reQ from Browns Bank and off, Yarmouth, Nova
Scotia, to off the tip of Oape .Cod, a distribution quite typical for any planktonic
animal reaching the gulf as an immigrant from the Atlantic basin and unable to,
survive long. or to, reproduce itself there.

The geographic 10c/1tionsQf,the~ta~ions,whereR.nasutuswaf) ,taken,; (fig. 72)
are also interesting in. pointing to!the upper 100 meters or so as the stratun; in,which
it euters,~or iOt driftedinto the .gulf ;in the underlying waters it mightbe expected
to follow :the ,bf,auchef)of the basin" tl$do, the bathypelagic chretogn~ths,p:ukrohnia;
harrw,ta(p.,328) and Sagitta maxi,na,(p. 324) l insteadofcirclingjilongand inside
the 100-meter contour. ,

:Farrall (1910) and :With (~915), have described the vertical range of this speciee
as uniformfrom.the surface d,0WIli,tO 1,890 meters; Moatof.thecaptures .listed.by;
Willey ;(l919) in, 'Canadian waters,,~vereinopen.verticalthaulsfrom depths o.f:200to.
375 meters; once on the sur,f,ace~ 'J;'p.eMichaelSarsrecordjust menjioned 'w,1l,~in&

closing net at 950 tp 52,5 meters., The capt~r~s within the Gulf of. Ma~ne,h~ve all
been-in open nets~h~rizoq.tal(station,~0225)"orverti<;~l'7from,<iepth,sof~:rpp148-Q

down ,to~40:<0 rp.~tlirs;nonl},fJ;9~thesllrfac~.,,:. ."','" 'f ,:! r iii "
, ,The Gul~p~ ,Main,e ;re~o,r<ifdor~. 1UL~ut.'lt8 ,are.fo! the' 'moI;ltA~ orM~J;ch; (three)"
4-pril(two\}1~y(foAr), ,iLnd,,9neJc;>X J(Uly;63b1lt .'f:iflt spJe;\V ~eco:rd~iiH~ ,q~~ljltionaple,

whether this seasonal periodocitYi fl:M:ually: rp.!'ll;tns,t4~t ll~. 'fI!CL~vt''lf$ is; ;rn9rli ~pt: ,to ent~

., He uses the name Rhincalanm olOIUBrady (or It.
uIn addition to the stations listed In the tables, (p. 297),R. naau/ua WRS taken at station 10225 on July 23, 19H, and at

stations 10272 and 10273 on May 10, 1915.
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the gulf in-spring-and.early.summer than at' other seasons, or whether it has been
an accidental feature of the towings.

It should be noted. that the presence of.R. ;nasutu8 in the Gulf of" Maine at any
particular temperature or salinity does not necessarily.bearany relationto the range
oItbesefactors in which it finds its most favorableenvironment, but simply; means.
thatonce'swept into the 'eastern side-of the gulf by the entrant.eddy.it has been able
to survive long enough to drift to 'the place,where found. The present records prove'
such survival possible fora time in water as cold as'2to 311 ,(stations 20072,and20095)
and in salinities no higherthan'29.16'to ,3b36:,per.inille(station,,20120), though its
usual range in the open North AtlaIitic is;nearly if not wholly limited to salinities
higher than 34.9 per mille, and for the most part to regions where thewatec.iswarmer
than 10° at some level. I .Geographic .disbribution.suggests that R nasutusJinds .tem
peratures and salinities appreciably lower than these figures an effective proventative
to successful reproduction.:

, The records for R. nasutu8 within the gulf have invariably been for small num
bers 'of specimens, in three, cases for single individuals noted in the catch of copepods
(designated liT," (trace) in the accompanying tables), and only once for as, many
as 550 ,per square meter (station 20120). It has invariably, been a minor element
(5 tolO percent) in thecopepod community, even along .the continental slope,
Where it occurs more constantly, with a maximum. abundance of about 1,000 to 4,000
per square meter (stations 20045 and 20069).

,Scoleclt;hricellaminor (Brady) . "

This species has its chief center in the North Atlantic and neighboring Arctic
seas. In the northerly part of its range it has been found along the Norwegian coast
as far as Lofotenjat many localities, but usually in small numbers, between Spitz
bergen and Greenland northward to latitude 80° 17' N. ; and generally distributed
about the Faroes and Iceland, in Denmark Strait, off southern Greenland.iand'north
Wardto latitude 64° 54' inDavis Strait(see With, 1915, for a summary Ofthe records
for this species so far published):;" " , '

, The Micnaf,lSars·did not find it off thew-estern slope. of .the Grand Banks, but
the Canadian fisheries expedition had it at six stations outside the continental edge
at the mouthof the Laurentian Ohaanelbetween.Banquereauand Green Bank, off
Sable Islandvand off Cape Sable; also twice in the Gulf of St. Lawrence (Willey,
1,919) ,and there are a few reoords for it in .the.Gulf ofMaine, to be noted below. ; It.
haS,uot. been reported south of Cape Cod.in the western Atlantic. In .the eastern
Atlantic it is common west of Ireland (Farran, 1905 and 1908), and while not known
in the Mediterranean oranywhere'inthenorth-eentraLAtlantic, it was found by'!'.
Scott (1894).intwo samples from the Guli,ofGuinea,. oneofthem taken so close in
to the mouth of, the,Congo.RiVel" .that, the water was, visiblY' brownish. 8.. minor
has'notbeen repented either from the South Atlantic,the:raoific,' or from ,the tropioal
part of the Indian Ocean, bu t the original specimens of the species were from the
SUbantarctic zone of the latter, west of the Crozet Islands, in latitude 46° 46' S.,
longitUde 45° 31' E., in a surface haul.
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Gulf:of Mdine.-This species has not been reported ipreviouslyfromthe gulf,'
nor for that matter from. off the American seaboard south of Nova Scotia, but it
appeared rin.one vertical haul' off Yarmouth, Nova Scotia, and one off Shelburne,
Nova Scotia, in HH5 (stations 10272 and 10313), off Boothbay Harbor on March 4:
and again.on April 10, 1920 (stations 20058 and 20096), and in one horizontal haul
near the mouth: of the Merrimac' River on' the 20th of the following December (sta
tion10492), in each case for odd specimens only (tables,pp.297 and 299).

This copepod is typically Warm oceanic, though tolerance for low temperature is
evidenced by its more northerly distribution in the Arctic-Atlantic area. In the Gulf
of Maine it occurs 'only as one of the rarest. of strays from outside the continental
edge. The localization of the records of capture (fig. 72), in which it agrees with'
Rhincalarius; points to the upper 100 meters as the stratum in which it most often
enters the gulf; where, like other immigrants, it eirclea- first north, then west, then
south around the periphery, drifting in the great anticlockwiseeddy. If it were
swept in with the deeperlying water along the bottom of the eastern channel it would
be more apt to be found along the two branches of the basin; and since it has been
taken Over a wide range of depth elsewhere, from the surface downward, in low lati':'
tudes as wellas high,andmost often from 20 to 400 meters (With, 1915), odd captures
of-itmay'be expected in the 'deepest strata of the gulf. So far ithas not been detected
in'any surface haul in the Gulfof Maine. '

The present records, with those of the Caaadianfisheries expedition off Nova
Scotia and in the Gulf of St. Lawrence (Willey, 1919), cover so many different months
that this copepod may be expected in the Gulf of Maine at any season, a fact instruc
tive for its bearing on the question of the periodicity of oceanic circulation in the
region.

The biology of this species must be understood better before the relationship
of its distribution to temperature and salinity can be stated. The records of capture
locate itover .a wide range of each-that is, in temperatures as low as -1.6° to
,..q'.8°alongEast Greenland to' upward of 24?in'the Gulf of Guinea,whileiri fhe
Greenland Sea the Belgica (Damas and Koefoed, 1907) found itnearly universal in
salinities ranging from about 32 per mille on the Greenland side-to neal'ly35 per mille
about Spitzbergen.

So far as temperatures .and salinities per seare concerned,' the Gulf ofMaine is
thus wide' open to it, and its' presence therein any particular temperature and salini tY'
is simply.the-resultof the ,particular: drift-which thespecimens'in question have .taken
and of its ability to survivewide' fluctUations,somethingwmchjs true of most
eopepods; '

. .Scolecithricella is never, sufficiently numerous' in i the, ,Gulf of: Maine to. figure in
the natural economy. of:the floca1'plankton, bu tits immigrant nature 1being beyond
dispute, with>the Atlan:ticBasin as:thl:l source,' itisamong"themo'St instructive of
natural floats when 'it/appears ithereias showing the course followed ·byl'the iridraft.· .

" • ,'. "',. c ,
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Tem.ora;t .longlcornlf'j. MUller

. This copepod is neritic in the sense that its areas of abundance are confined to
the continental shelves of the continents or large islands and to their close vicinity.
The vast majority of the records obtained for it have been from one or other side of
the North Atlantic,54 none from either the South Atlantic or from any part of the
Pacific. It enters the Mediterranean to some extent (Thompson and Scott, 1903)
and has been recorded from the Indian Ocean (van Breemen, 1908). Off the coasts
of Europe its range as now knownis confined between the latitudes of about 35° and
74° N., and it reaches its maximum development in the English and Irish Channels,
in the North Sea region generally, whence it extends far up into the Baltic, and along
the whole southern and western coasts of Norway. Except for a few records between
northern Europe and Spitzbergen (Farran, 1910), its range seems hardly to encroach
on the Arctic Seas. It has not been found in the Greenland Sea, but Sara (1903)
reports it from Iceland.

. On the American side the most southernly station for it is off Chesapeake Bay
(Bigelow, 1922, p. 146). It is an important member of the coastwise plankton
from New York eastward, including the Gulf of Maine, the continental shelf all along
Nova Scotia, along the southerly aspect of the Newfoundland Banks, and in the Gulf
of St. Lawrence, where the Canadian fisheries expedition collected it at about 70
pel' cent of the tow-net stations in 1915, locally in abundance (Willey, 1919). It has
also been found in the Labrador current off the Straits of Belle Isle. and thence east
Ward to latitude 55° 24', longitude 41° 10', south of Greenland (Herdman, Thompson,
and Scott, 1898), which is. the most northerly station known for it in the western side
of the North Atlantic. .

Gulf of Maine.-As the chart (fig. 85) shows, T. longicornis is widespread in the
shoaler parts of the gulf, not only from land out to 10 to 12 miles outside the 100
:meter contour, from Cape Cod to Cape Sable, but on Browns and Georges Banks as
Well, and across the whole breadth of the continental shelf off Marthas Vineyard and
~antucket. It is a creature both of the open sea and of harbors, common-in winter
rIght up to the dock at Woods Hole (Wheeler, 1901, p. 175), in Portland Harbor
~Bigelow 1914), and at St. Andrews (from Doctor McMurrich's unpublished plankton
hsts) ,but recorded at only 10to 12percent of the stations fartheroutin the deep basin of
the gulf. Within this neritic area, as bounded above, and between longitudes 65° and
71oW., it has been recognized at about 41 per cent of all the tow-net stations for which
;he copepods have been determined, irrespective of year, season, or precise locality.
ts independence of the distance from land, within the bounds of the continental

shelf, may be further illustrated by the fact that Dr. W. C. Kendall, in his field notes
(p. ,12), mentions "small brown copepods," which from the context were almost
~ertaiIlly Temora, as plentiful in haul after haul on the northwestern part of Georges

ankand over thesheltout from Nantucket in August and September,1896.
t. The neritic nature of Temora is further brought out by its quantitative dis
}'lbution, for only three of the 20-odd stations where we have taken a greater number
~ci~ens per ~qua~~ me.ter than the- average for ~he respeet.iv~ month and iear

"ears (11lQ3) lind J!ll1TlIn (1910) have sUlDmllrlzedIta distribution; the reader Isre.femd tothem for more detalled Inf.orlDlltlon.

,7p89~26--19
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have been as far as 16miles out from the lOa-meter contour, and the only two swarms
of this species which we have encountered (p. 290)have been well inside the 100-meter
line. Among all the records of it in American waters west of the longitude of Sable
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Island, which have now been gathered by the. cruises of the Gr~mpU8, Aloatr~SS,
and Halcyon and by the Canadian fisheries expedition, not one has been from outsl~:
the continental edge as outlined by the general contour line for 400 meters; but .d
drifts out to the Laurentian channel between Nova Scotia and Newfoundlan
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and over the deep trough within the Gulf of St. Lawrence (Willey, 1919), and its
range extends far out into the ocean off Labrador, as just. noted (p. 287).

Seasonaldistribution.-McMurrich (1917) has remarked that Temora occurred
at intervals at St. Andrews during the autumn of 1914 and up until January 27,
1915 (on which date it was the dominant component of the plankton), but not at
all from February to mid-May. His unpublished plankton lists for November, 1915,
to October, 1916, carry the observations a step farther, showing Temora constantly
present at St. Andrews, and in considerable numbers, from mid-September through
January, but only at intervals, and represented by odd individuals, during the other
months. Wheeler (1901) and Fish (1925) have likewise found it much more plentiful
at Woods Hole in winter than in summer.55

Temora Ionqicorni« has been recorded in the open waters of the Gulf of Maine
in every month in the year except November and February, when few tows have
been studied for their copepods. In the coastwise belt the frequency of occurrence
has been highest during the period September to January, and again from March to
April, as indicated by the percentage of stations at which it occurred (about 50 per
cent in each case), and lowest during the June-August quarter, when it was recorded
at only 22 per cent of the stations in this region. However, this may reflect an
annual and not a seasonal fluctuation, because Temora occurred in a much larger
percentage of our hauls in July and August of 1913 (about 50 per cent in the gulf,
on Georges Bank, and off Nantucket) than in those months in 1912. It was again
Scarce in the summer of 1914 (14 per cent of the stations on Georges Bank and in
the gulf; not at any of the stations off Marthas Vineyard); but the year 1915, when
Temora occurred at about 42 per cent of the stations right through the season from
May to October, apparently saw the local stock increase once more. The percentage
of occurrence has been about the same (33 to 38 per cent of the stations) for July
August as for February-May on the offshorebanks and over the shelf off Nantucket
and Marthas Vineyard.

In short, such analysis as I have been able to make does not prove a definite
periodicity in the frequency of this species in the open gulf beyond suggesting the
possibility that there is a minimum in midsummer.

The evidence of the vertical hauls (tables, pp. 297 and 299) is that Temora is
seldom if ever dominant anywhere in the open gulf at any time, for at the maximum
it has constituted only 20 per cent of the catch of copepods (station 20062)i 56 and
in only six of the many vertical hauls anywhere between the longitudes of Marthas
'Vineyard and Cape Sable has it constituted as much as 10 per cent of the copepods,
the average for all.being only about 3 to 4 per cent of Temora, even if the calculation
be limited to those stations where this copepod was plentiful enough to be picked up
by the vertical net. If the stations where it was missed be included, its average
percentage drops below 2 per cent. The absolute numbers of individuals per square
:meter have been correspondingly insignificant, compared to those of OalanU8}in
marchicU8, at the maximum being only about 18,000 within the gulf, 18,760 off Shel
burne, Nova Scotia (station 10313,September 6, 1915), and about 33,000 near Marthas
--------------------------------

61 Williams (1007) reported It as abundant throughout the year In Narragansett Ba y.
II 28 per cent 011 Shelbnrne, Nova Scotia, Sept. 6, 1016, Station 10313.
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Vineyard onOctoher21, 191:5 (stationl0331). But perhaps lessreliance can be placed
on quantitative calculations based on vertical tows for this species than, for any of
the other copepods.of frequent occurrence in the gulf, because, as Farran (1910,
p. 72) has remarked (which our own experience corroborates), it "has the habit,
more marked than in most copepoda, of forming swarms of great density but of
limited extent." .For this reason conclusions as to its abundance in any region
may be entirely misleading unless a great number of hauls are made close together,
both in time and in location.

On two occasions we have encountered such swarms (fig.20) Within the geographic
limits covered by this report-first over Nantucket shoals on July 9, 1913 (station
10060), when Temora dominated the tow at 40 meters (Bigelow, 1915, p. 287),57 and
second on the surface off Gloucester on October 31,1916 (station 10399), as recorded
elsewhere (Bigelow, 1922;p. 135). Had a vertical net chanced to pass through either
of these swarms, we would have obtained very much larger numbers per square
meter than have ever resulted from the vertical hauls actually made. But were
Temora as abundant in the Gulf, of Maine (relative to other copepods) as Brady.
(1878-1880) describes it about the British Isles, along the Norwegian coast, at the
mouth of the Baltic, or in the Gulf of St. Lawrence (where Willey (1919) found it
locally constituting up to ·62 and 70 per cent of the copepod catches of the surface
nets), surely our many towings would more often have yielded it in comparative
abundance instead of with monotonous scarcity.

Because the distribution of Temora is so often streaky and its frequency of occur
rence varies somuch in the gulf from year to year, numerical calculations based on
vertical hauls scattered through different years, and often too far apart in-miles,
can not be depended upon to reflect its seasonal cycle correctly. But whereas the
frequency of occurrence has' been as high for March and April as for summer or
autumn, the numbers of specimens actually taken per station have ranged smaller,
averaging only about 200 per square meter for March and 300 for April at the stations
whereitwas taken, with-maxima of 1,075 (station 20068) and 1,300 (station 201P5),
respectively; and if the stations where the species failed were included in the calcula
tion the averages would fall below 100 per square meter for both these months.

In summer Temora, has usually been much more plentiful than this, if taken
at all, the' August catcheafor1913 ranging from 600 to 18,000 per square meter
(average 5;362), with 800 'to 3,300 (average' 1,484) for September, 1915.58 In
October, 1915, there were from 980 to 5,700 per square meter at the stations within
the gulf (average 2;755), with 32,760 and 8,160 at two stations off Marthas Vineyard.
No vertical hauls were made in November, December, or January,but the small
percentages of Temora in the uniformly scanty catches of copepods.in the horizontal
hauls for December, 1920, and January, 1921 (table, p. 304), and our failure to take
it at all off Gloucester during .the winter of 1912-13 (Bigelow, 19140., table, p.409),
point to this as a season 'of local.scarcity.

Thus; there is some evidence, 'if not' entirely conclusive; that while Temora 'is
widespread 'in: <the open/gUlf in early spring ibia ,usually' very sparsely represented

61 In the publfshed account this and the pnicedlngstatlon are confused.
61Also 18,760 per square meter ofiShelburne, Nova SCotia.statloiH0313.
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anywhere at that season; but that as the existing stock, 'which has carried over the
winter, dies out entirely in some localities between April and August, active multi
plication takes place locally, which under exceptionally favorable circumstances may
build up the shoals previously alluded to (p.290)and which in any case raises thegeneral
average of abundance to several times its early spring .level, It is not possible to
set a definite date when this multiplication begins. In 1915 catches as large as 1,100
to 8,200 per square meter were made in the eastern side of the gulf by May 6 to 10
(stations 10270 and 10272; table, p. 297), but we found only 140 to 420 Temora per
square meter at stations in the western side-from the 4th to the 17th of the month
in 1920. Probably the schedule varies over a period of several weeks from year to
year, as do most periodic changes in northern seas, but it agrees essentially with the
seasonal periodicity of the species in the Irish Sea, where it is moat plentiful in
summer;" and in the Baltic generally, where it is scarce in February,most common in
August and November, and scarce or Common in May, dependingon ithe.Iocality.
(Farran, 1910).

Comparison of the data just outlined for the open Gulf of .Maine with Doctor
McMurrich's plankton lists brings out. the interesting difference that Temora com
mences to multiply three months or more earlier in the season out at sea than in
the inclosed waters at St. Andrews, a difference which may be correlated with tern
perature.·

Vertical distribution.-Obviously a species having its center of .distribution
within the 100-meter contour must be most plentiful above that level, and, Temora
has been found most numerous close to the surface. For example, the swarm off
Nantucket ofJuly 9; 1913 (station 10060), was so closely confined to the uppermost
stratum that while the surface haul with a small net yielded thousands the haul
from 40 meters with a large net caught only 25 specimens (Bigelow, 1915, p. 294).
The Massachusetts Bay swarm of October 31, 1916, was likewise on the surface,
with Calanus, not Temora, dominating the catch from 60 meters. Doctor McMur
rich's St. Andrews records were all from within 7 meters of the surface, and many of
them were immediately at the surface irrespective of season. Dr. W. C. Kendall also
took it repeatedly in surface tows on Georges Bank in August and September; 1896.
In the spring of 1920 the surface tows (table, p. 303) yielded it with about as great
frequency and in about as great numbers as the vertical hauls, and as an extra
limltal instance of the same sort in neighboring American waters Temora longicornis
dominated the surface tow between Block Island and Marthas Vineyard on November
10,1916 (station 10405). It is plentiful in very shoal water at Woods Hole,and Willey
(1919) found it regularly on the surface in the Gulf of St. Lawrence and about as
often in surface as in vertical hauls on the Nova Scotian shelf. Herdman, Thompson,
and Scott's (1898) records in the North Atlantic were all from within a couple of
fathoms of the surface, and this copepod has repeatedly been taken in abundance at
the surface in north European waters.

No direct evidence is available as to how deep Temora descends in the Gulf of
Maine,but apparently the zone of greatest abundance for it hardly extends below
about 50 meters. No' attention has been paid to possible stratifieation of Temora

II This appeara In the counts of copepods given by Herdman (1908 and 1919).
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in the gulf within this depth zone, but at one of Doctor Kendall's stations off Nan
tucket shoals (September 2, 1896), when there was a difference of less than one
degree of temperature between the surface (14.2°) and the 20-meter level (13.6°),
the catch of "small brown copepods" in 5..,minute tows at 10 meters; 20 meters, and
30 meters was roughly proportionate to the depth-that is, to the length of the
column of water fished through-indicating that Temora was comparatively uni-
formly distributed down to that depth. .

Temperature and salinity.-The distribution of T.longicornis in other seas proves
it tolerant of a wide range in its physical surroundings from salinities as low as 6.54
per mille in the inner Baltic to upward of 35 per mille in the open Atlantic, in tem
peratures as low as about 2° and upwards of 20°. Its tendency to congregate near
the surface makes it subject to a wide seasonal variation in temperature in many
seas. Thus, at St. Andrews it survives temperatures as low as - 1° to 0° in mid
winter; at Woods Hole also. At the other extreme, one of our largest catches of
Temora (station 10260, surface) was from water of 16°.

The highest temperature at which it has been definitely recorded in North
American waters is 20.5° on the surface at a July station off New York (station
10066; Bigelow, 1915, p. 294), where sinking to a depth of only 30 meters would
have lowered the temperature by 10°. But there is-some reason to believe that it
finds somewhere between 15° and 20° the upper limit of favorable temperature, for
it was fairly-well represented in the hauls from 25 and 10 meters, at another station
off New York on August 1, 1916 (station 10362), levels at which the temperature was,
respectively, about 12° and 16°, but was wanting at the surface in 21.1°. Within the
Gulf of Maine any planktonic animal can always reach water cooler than 15° by
sinking down less than 20 meters even at the warmest season and in the warmest
region, but there is no direct evidence that Temora tends to sink below the warmest
zone. 'The fact that Doctor Kendall, in his notes for August and September, 1896,
records "small brown copepods" (in all probability T. longicornis) in several surface
tows off the northwestern slope of Georges Bank and in the neighboring parts of the
basin at temperatures of 17.5° to 20°, as well as repeatedly in 13° to 15° on the bank
itself, makes it more likely that temperatures as high as 18° to 20° do not hinder
its existence or growth.

It is not likely that differences in salinity within the limits prevailing in the Gulf
of Maine affect the distribution of this copepod, but the high salinities of the oceanic
basin, per se, or in conjunction with high temperature, may be the effective barrier
which confines it to the banks water inside the inner edge of the Gulf Stream off
the North American coast.

Why Temora (and this applies to many other neritic members of the plankton)
should be so closely confined to comparatively shoal regions, irrespective of the
physical state of the water within wide limits, when it has no connection with the
bottom at any stage in its existence but is pelagic throughout its life, is a question
to which no answer can yet be given.

Breeding.-No direct observations have been made on the breeding of Temora
in the Gulf ofMaine nor have its larval stages been detected there, but its distribution,
regional and seasonal, is such as to leave no doubt that it is regularly endemic. Its
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seasonal periodicityy.both in the gulf and, in the seas of northern Europe (p. 291),
points to a wave of reproduction in the rising. temperature of late spring or early
Summer, very little production taking place during the coldest months of the year;
but with Temora occupying so broad a range in latitude and living under physical
conditions so various, it is not likely that the precise temperature governs its periods
of reproduction. Even in an area as confined as the Gulf of Mainethere may be re
gional differences.in this respect, for the comparatively large catches made at two
stations in the eastern side of the gulf on May 6 to 10, 1915 (stations 10270 and
10272), at temperatures of 3° to 4°, point to reproduction in even colder water shortly
previous, whereas Doctor McMurrich did not begin to find Temora a constant ele
ment in the tow at St. Andrews until the temperature of the water was near its annual
maximum of 12° to 13° in September. It is questionable, however, whether it
breeds successfully in temperatures higher than 15° to 16°.

Economic importance.-Wherever Temora abounds innorthern seas It is one of
th,e most important articles in the diet of herring (it is described by Willey (1921, p.
187) as "herring food par excellence"), of mackerel, and probably of other plankton
eating fishes. Lebour (1920) found it one of the copepods most commonly eaten by
Young fishes at Plymouth, England. Except foJ." Willey's (1921) suggestion that
fluctuations in the abundance of this and of other copepodsmay possibly be corre
lated with the weir catches of young herring ("sardines") in. the Bay of Fundy,
r know of nothing. published on Temora as food for fishes in. the Gulf of Maine.
C~rtainly it can not rival Oalanus finmarchicus in that respect in the open gulf,
but on the occasions when it swarms any schooling fish in' the vicinity would no
dOUbt gorge on it, and large mackerel opened by Doctor W. C. Kendall off the north
West slope of Georges Bank on August 23, 1896, were full of these "small brown
cOpepods" and of red feed (Calanus).

The frequency and comparative abundance of Temora at St. Andrews from
September on suggests greater economic importance for it there than in other parts
of the gulf.

Temara turbinata (Dana)

This form is very closely allied to T.longicornisbut is recognizableby a uniform
alld well-defined difference in the size and structure of the fifth legs of both male and
female, a difference which Dr. C. B. Wilson writes he has been able to substantiate
011 a very large number of specimens from Chesapeake Bay. There are differences,
also, in the relative length of the last two segments of the abdomen and in the struc
tUre of the two terminal setae of the furca,.as described by Giesbrecht (1892).

T. turbinata is a more southern copepod than T. longicornis, previously published
records for it including .the tropical Pacific, Sulu Sea, China Sea, New Zealand,
~alay Archipelago; and Gulf of Guinea. It has not been reported from the North
~tlantic,but Dr. C. B. Wilson contributes the note that it "is present in great
abulldance in the..plankton of Chesapeake Bay and vicinity," and he detected a
S~attering of T.turbinata at three Gulf of Maine stations in the spring of 1920
t"lZ, off the continen tal slope of Georges Bank on.February, 22 and April 16 .(stations
20045 and 20109) and in Massachusetts Bay near Boston Harbor on April 9 (station
20089). In the Gulf of Maine it is evidently a very rare stray from the south.



294 BULLETIN OF THE BUREAU OF FISHERIES



'PLANKTON OF THE GULF OF MAINE 295

In the last instance there were 7 percent of this species in avery scanty catch of
copepods.made with the open net towing horizontally at 150-0 meters. '

It Will be noted that the dates of ,these offshore captures do not correspond
with the seasonal periodicity of the species at, St. Andrews, but with a species as
rare as thisisout at sea it islargelya matter of luck whether any given haul chances
to pickit up; and if the catch of other copepods be large, it is equally, a matter of luck
whether the particular sample of the tow examined chances to contain it.

Tortanu« discaudcit1t8 is thus-so strictly neritic in the gulf (decidedly more so than
in the Gulf of St. Lawrence; where it is widespread over the shoal southern part) that
it is hardly afactorat all in the offshore plankton, but probably it enters regularly
into the diet of the small herring and other young fishes among the islands and in the
harbors of the gulf, judging from its-abundanceat.St.Andrews.

, Undeuchoota major Giesbrecht

This species is probably worldwide in temperate and tropic latitudes in the
oceanic basins. It has been recorded off the west coast of Ireland in the north
and from several stations below the Equator down to 40° S., 35° E., off South Africa
in the south. It was originally described from the central Pacific and has since been
taken off southern California (Giesbrecht, 1895) and; at San Diego (Esterly, 1905)
in that ocean, U. rrw,jorhas not yet been found inthe Mediterranean but has been
reported from the Indian Ocean (van Breemen, 1908) and among-the Malay Archi
pelago (A. Scott, 1909).

Previous records for' this species off the Atlantic coast of North America are
one station outside the continental edge off New Jersey,in July, 1913 (Bigelow, 1915,
p. 287, station 10071), and three Canadian fisheries stations in July, 1915-one out
side the continental edge offLa Have Bank, one at the same relative location somewhat
farther east off Banquereau Bank, and the third in the oceanic basin off the mouth
of the Laurentian channel between Sable Island Bank and the Newfoundland Banks
~Willey, 1919). To these Dr. C. B. Wilson's table (p.299) adds two vertical hauls
in the Gulf of Maine-c-one of them on Browns Bank (March 13, 1920,station 20072)
and -the other on German Bank (April 15 of that year, station 20103). In each
instance there were about 10 specimens in the catch, being 'at the rate of about 50
per square meter.

In the' Gulf of Maine this oopepod is one of the rarest of strays from the oceanic
?asin offshore, locally interesting when it occurs as an indicator of the prevailing
1ndraught. Not having been taken farther in than German Bank, it may be assumed
to be shorter-lived in the gulf than the species of Eucheirella, Pleuromamma, or
Rhincalanus, which are similarly exotic and immigrant in the gulf.

Undeuchoota minor Giesbrecht

The distribution of this species parallels that of U. major and it is equally
oceanic. In the North Atlantic it has been reported as far north as the Faroe-,
Shetland channel (lat. 61° 20' N.) and west of Ireland; as far south as latitude 35°
(Wolfenden, 1911; With, 1915); it is known from the central Pacific and from off
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southern California (Giesbrecht, 1892); also at San Diego, Calif. (Esterly, 1905),
from the Indian Ocean (Thompson and Scott, 1903), and among the Malay Archi
pelago (A. Scott, 1909). Previous records for this species off the east coast of North
America are one station off New York (July 11, 1913, station 10064) and four by
the Canadian fisheries expedition-two of them off La Have Bank, one off Banquereau
Bank, and one in the deep between the latter and the Newfoundland Banks (Willey,
1919). All these American records were from outside the continental edge.

U. minor was not detected in the Gulf of Maine until 1920, when Dr. C. B.
Wilson found occasional specimens in the vertical hauls on Browns Bank on March
13 and on German Bank, April 15 (stations 20072 and 20103), these being the same
two hauls that yielded U. major (p. 295).

Judging from the numbers of specimens taken, minor is, if anything, even scarcer
than major in the gulf. In the Canadian hauls the reverse was true. So seldom
entering the gulf, its chief local interest is as flotsam Irom the A.tlantic offshore.

Zaus abbreviatus G. O. Bars

This harpacticoid, described by Sars (1903-1911) as not rare off the west coast of
Norway, appears in Doctor McMurrich's lists of plankton at St. Andrews, New
Brunswick, in about 20 per cent of the gatherings between November 23 and January
26, occasionally in April and June, and not at all during the later summer or early
autumn. Sars (1903-1911, p. 59) speaks of it as restricted to the red algee, where it
often occurs in considerable numbers. There is no reason to suppose that its presence
in the plankton is anything but accidental, and it has not been found in any of the
tow nettings in the open Gulf of Maine.

Zaus splnatus Goodslr

This species is widespread on North Atlantic and Arctic coasts, Sars (1903-1911)
enumerating the polar islands north of Grinnell Land, Nova Zembla, and Franz
Josef Land in the Arctic, all along the Norwegian coast, the British Isles, Helgoland,
and the coast of France. It has not been recorded previously from American waters.
According to Brady (1878-1880) it lives among seaweeds from tide mark down to
10 to 12 fathoms. Under normal circumstances it is strictly littoral, living close to
shore, but in regions of active vertical circulation it, like other littoral harpactoids,
may be swept up to the surface. At St. Andrews, for example, Doctor McMurrich
found it on one occasion (March 17, 1916), in a haul at 7 meters. It has not been
detected in any of the tow nettings in the open Gulf of Maine nor in its other harbors.
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Percentages of the several species of copepods in vertical hauls, May to October, 1915, identified
and tabulated by Dr. C. B. Wilson

[In this and similar tables, T. - occasionalspecimen or trace: A. - abundant: C. - common: F. - few.]

Station number _
10266 I 10267 I 10269 I 10270 10271 I 10272 I 10278 I 10279

Month _
May

2614106 I 7654Day of month _
---------------1----;;---..,---.---:----,-----,---,-----

~th In meters..._. .__________________ 125-0 260-0 115-0 -~~r-;~--;; 15<Hl~

VERTiCAL NET --- ---1---------
1~Jla elausl • ._ 5 10 10 . 51 14 1 2 2

~~o~~~a;~t(irsoni:::::::::::::::::::::::::::::: _._______ ::::::::: ~:.__ ::::::::: ---ii':---
Calanus finmarchlcus•••• •• • •• ._ 90 85 80 80 70 84 70-------78
C anus hyperboreus•• • ••_.__ • .__ 1 5 5 1 5 8 8

r!~~j~~~~~~jj~~~~~jj~~jj~~~~~jj~~[ --------- ::::-::; :::~;::il~~;~;~~~ ~~;;~-~~.I!~:~--,: ::::::::'
~raCB1anus parvus __ •__ ••__ • ••• • • 5 2 5 1 14 2 8 4
s~rdOCBIBDus elongatus , .....__••• • .__ 2 1 8 5 5

~emcg:~~~~:\~~~~~~:::::::::::::::::::::::::::::::: •• • • •__ -----···2::::::::: T. 2 ::::::::: ---"---3
evelopment stages_.__ •• • • •__ .___ A. C. C. A. F. ••• F.

------
Total number of copepodS per square moter 1••_ 511,000 50,000 48,000 411,500 11,000 65,000 175,000 189,000

~on number ._. •• • 10282110288110284110286110287110288\10290 110291 110293 110294 110296110299

=-==========;====;===;==:=!:::;==~;====p:==;=k=;=~==r=d::::;=====;==::::::=r===

Month -- __ •_-_.--- __ .- ...---- June
--------------1--..,----,--..,----,--..,---,---;----,---..,----,---....--
DaYOfmonth... ._. .____ 10 10 11 14 14 19 19 23 23 23 24 26

------------1--- ------ ---------------------------
2~6~176-075-07~6~2~7~Depth in meters 18~ 1~ 8~

-----------1------.-------------------- ---
VERTICAL NET

~cartlaelausl; .. .. 15 10 2 4 25 8 50 45 5 2 2 3
c:;Ftla longlremls.... ...._. ----- ..1-·----· ---.--- .•-.----"'--- .------ -------- ---'--20 ------50 ------58 -------- 4~
Calanus flnmarchlcus____________ 751 50 70 80 60 80 25 78 15
Oen~us hyperboreus...._•• _... __ 1 10 1 6 5 6 3 10 5 5 10
DWI ropagesbradyi • • ._____ T. --.----- -- ......
li:u ~btla gracllls••• __ • ...._.. ,_,_ T.
li:u\ anus attenuatus .____ T. ------- -------
li:u\ mta medla •• _._ ._.___ T. ----.-- --.... --
1I li estanorvegICB_.__ __ ._ 1_______ 3 8
!I{~t~balestrls eront , m_..__ .____ 1 -------

~:~IJf:J:;~ga:::::::::::::::::::::::::: -----iii "-"i5 T. ----·-3 15-----·iii 15 ---- ..25 ------20
l' r1dlalucens.. __ • __ ... •• _.___ _ 5 __ • ------- ------- ----.-- ------.- ------__ 3 _.... 15
l'~!.~CB1anus parvus_:: .__ -3 10 6 4 5 2 7 5 10 5 5 3
'I'~udoC8lanus elongatus..._.____ 4 5 6 6 5 3 5 • "'__ 3
D:mora Ionglcomis • • .. ._._. _.. 10 10 2 2 '1'.

velopment stages ._... A. F. F. S.----------------------------
Total number of copepoda

persquaremetorl•••• _.__ 10,000 21,000 2,50011,500 35,000 55,500 21,500 15,500 20,000 65,500 9,500 43,000
------- -"-__.c-_-"-__'--_-' ~_~__--'-__~_._ _'____'___---''____

I From Bigelow,1917,p, 319.
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Percentages of the several species of copepods in vertical hauls, May to October, 1915, identified and
tabulated by Dr. C. B. Wilson--Continued

Station number ' __ ' __"'__" __ 10303110304110306110307110309\10310 110311110313 \ 10315110316110318110319110320 11032~

Montbs,•• •__ n __ ••••••••• __ August September

Day ofmonth ._._______ 4 6 31 31 2 2 6 7 11 16 20 29 29

---------1---------------------------
Depth In meters .... 70-0 200-0 140-0 230-0 200-0 190-0 6Q-O 70-0 80-0 6Q-O 70-0 30-0 70-0 40-0

,---.--,---.----1--------------------
VERTICAL NET

Acartia clausL__.• ._•••• 30 1 1 10 6 10 40 6 •. 40 50 30 15 ~
Aeartla longlremls . . 6 .• ._._._ 5 2 __"___ 5 2 _.•_.. 40 4 5 5

t:f~~:Jfn::;~~iCiis============ -----ao -----05 ----iio T.30 ---'-Sii ---·-SO '---ao ..··ao --"45 '---io ----ao ---'20 ----45 ---'is
Oalanus hyperboreus., • L_____ 1 3 1 5 2 ------
Oandaela armata.. . • . •.. ._ _ 5 -.
Oentropages bradyL •. ---. ._••__ .• __ .•. __ ..... __ • T. ..---S
Centropages hamatus . 11 1 1 2 1 6 5 ------ 1

0Oentropages typlcus 1 1 1 5 2 5 10 4
Eucalanus attenuatus__•. __ . .__ .. ._ T.
Eucalanus elongatus__•__.. •.-..... 1__ T. T.
Euchl!ltanorveglca. __ . • • 2 .__ 1 1 • •
Eurytemora herdmanL _. • ._ ... •. ._ 1 1 ..._.. ._..--
HallthalestrlscronL ... __ .____ 1 ... __ •• __ • 1 T. • • ._
Mecynocera clausL ....._,..__ •• .. .. __ • T. 1 T. 3
Metrldialonga .• •__ ._ . __ .___ 10 20 20 2 3 15 6 5 4
Metrldialucens.. . • __ . __ • 10. • 1 2 .__ 5 4 5 5 8
Paracalanus parvus__.... .__ 30 10 5 15 3 3 4 10 15 10 2 2
Pseudocalanus elongatus, __ .... .t- 10 15 3 7 4 15 15 10 5 15 1
Rhlncalanuscornutus .. __..__ __._._ T.
Scoleclthrlcella mlnor .. •__.._. . .. T. .... .._ ___ . _
Temora longleornls, .___ 4 ...__ • ... 2' 28 2 .... __ 5 2. __..-
Development stages. _.. • __..__ • C. C. C. A. A. A. C. O. F. __ ._.,

------------------------------
Total number of copepods 00

per square meter 1 ..... .... 234,50051,500 104,000 173,000114,50041,00067,00047,000 39,70014,70066,50042, 50045,5
...:---=

Statlonnumber . __ • 1032311032411032511032611032711032811032911033111033211033311033611033711033811O3~

Month. __ •.• __ •__ •• __ .. _._. __ October

Day of month ...... 1 4 4 9 9 9 21 21 22 26 26 27 27

-----------+-- ------------ ------------------ --- -,----
Depth in meters , , . __ . .80-0 150-0 175-0 145-0 6()-() 6()-() O()-() 3()-() 5()-() 80-0 50-0 6()-() 8()-() 70-6

----------_.[--- --------- --------- ------------ --------
VERTICAL NET

ACartia claus!.. .. __ . .__ 10 15 6 15 30 10 15 5 15 6 15 10 __•__•••. __ .-
Acartia longlremls .... .__ 10 2 9 5 2 8 .._•• __ 5 2 _. •• __ ......._••,
Aetidlus armatus ._____ T. _•• _._. • ._....

~~~~oge;:,fr~h~.;:~!===:===: 30 30 70 55 ----25 25 T·30 -----is -----is ----·2~ 50 ..·-so ----·50 ----50
Calanus'gacills .... _ 1 T. •....__ T. ..__ ._
Calanus yperboreus._n______ 4 ... ..._.. .._ .
Onndacta armata•• . ...... -- ..... ------. ------- T. .----•• ---- •• - ·S
Centropages harnatus. 10 ..__ 25 5 6 7 6 10 10

g~~h{l~g;a~hYi~.·.~:=======: __ ._~~ --1'-.-- T. 2 ~ .. :~ m ...~ • __ ...~ ~ ~ • __ ..~~ •• _ .. '

Eucalanus attenuatus~_n______ T. u u __. n_._. .-
Euchoota medla.... __ .. _.. __ •• _•• __ "'._ T. .. ••••

~~l~i~o~:.~~~~_~::======= '-'1'.-- T. __ •__ .._..__ .• ... _..._... ======= ======: '--T:-- ....... =:==:~
Metrldla longa.,, •. . 10 30 6 7 7 10 8 4 -- __.__ 2 4 5 8
Metrldialucens... __..... .._ 10 15 4 4 25 30 25 5 .... m 8 •• __n. 4 5 8
Paracalanus parvus n ......__ 3 2 7 7 5 8 3 40 25 15 10 10 8
Pseudocalanus elongatus..__.. _ 10 5 6 7 5 4 3 15 15 7 10 10
RhlncaJanus eornutus__ •__...__ _..... T. 1 .
Temora longlcornls .... 1 10 2 14 T. 4 .- -------

Total number of cope- I
pods per square meter '. 77,000 112,500158,50086,00030,70057,00049,000234, 000319,500.204, 000205, 000 244,50050,500I _

I From BIKelow,1917,p. 319.



PLANKTON OF THE GULF OF MAINE 299
Percentages of the several species of copepods in vertical hauls, February to May, 19130, identified and

tabulated by Dr. C. B. Wilson

tatton number•••••••n ...____.....__00 __ '" 20044120045120046120047120048120049120050120052120053120054120055/20056120057

onth ••• __ •__ •n' ..., __......__ . __....__.., February March

ay of month ••••n. __...___ . __ .. ____ .n.. __ 22 22 22 23 23 23 1 2 3 3 3 3 4

------------------------
epth in meters____ n .... __..._..._n..._... 15(}-O 15(}-o se-c 5(}-o 150-0 2000 15(}-o 2O(}-O 225-0 25(}-o 225-0 10(}-O 12(}-O

------------------------
VERTICAL NET

certis elausl.,••••••••_•••••••_••• _••••••••• ..... _._- .._-- ..- -- ..--- ---- .... ------ ............. .......... - --_ ...... 4 •••• n ..--- .... .. O' __ ..... .. -_ ......
eartla Iongtremls, •• ___ .n_. ____.__ .. ' .. _... --"iii --"lio---'SO 1 ••••__
alanus ftnmarchicus___••n. __ . __ .. __ .. _.. __ 5 6 2 75 35 64 66 90 70 75
alanus hyperboreua, ••••••• __ ••• __ .• n_.... 5 14 5 2 3 3 2 5 5 1 2 2 5
andacia armata••• ________ ••• _•• _•••••_••• , .._--;; 1 ------ ...._- ..- ......---
entropages typicus_ •••••_•• ___ •__ •__ •. _•• __ ····iii 18
Ucalanus elongatus••• __ •__ ' •••••••.• _.__ ••• 5 '--'iiiUchtlltanorveglca ••• __ •• __"""'____n"n 20 2 4 --·--2allthalestrls cronl. ••• _•• , __ •__ •• __ n_n ...' 1
etrldla Ionga•• , •••• ___ •_••• __ •• __ ••••__ •__ - ..---.. -_ ..- ..... 10 '---6ii ··..·21===~== ---'--1--·--· 10 ""'i 1 "'--6 ..... -- ..-
etridia lueens,______ •••• ____"'" .,•••• , ••• 30 """ 25 3 1 ----isrracelanus parvus•••• __ ••.•. __ .••• ,_,,__ '00 50 30 30 3 10 ___.'_ 4.____• 15 10

leuromamma gracUls__ . _n •• __•• ___ ••• _ •• __

--'T-' ======
--_ ..-- -----.. T

euromamma xiphias __ •• __•• _•••••••_•• _••• ----SO ----iii----is ----i4-00'25 ·-··is --niii~udocalanus elongatus_•••••• _••••_•••••••• 15 10 •• _. __ 8 2 5
incalanus nasutus_. _., __ •___ •••• __._.____ 5 10 -- .......... ---.... -- ..- ..- ....... -- ..

emora longicornfs•• __ •_____ ._••• _., _____ •• _-----.. ... ---..- "'T-- ------ -- ..... _- ..-- ....... ------ ------ 1 2 -_ .... _- ...._--- -_ ........-
emora turbinata •• __ '_._00'____,__"_"",, "A'- '·C-' --A'- n A----C" "C" '·C-- "F'--evelopment stages •••••••n .....••...... __ . A A ........ _.. - ...._..... -_ ...... -

Number of adult copereOdS per square
1,250 8, 750

137,
500meter of sea surface approximate).•• 10,000 10,000 3,750 10,750 5,000 15,000 12,500115,000 150 500

tatlon number.........n ......_.__...n. __ . 20058120059120060\20061 \20062\20063\20064120065120066120067120068120069120071

onth"'.n ....-----....•..--.............. March-ContInued

---
ay of month •••••••.•• __ ••••__ . __ .••n ..... 4 4 4 5 5 10 11 11 11 12 12 12 13

------------------------
eptli in meters •••• n •• __.n•• __ • _____ •••••• 45-0 6lHJ 90-0 175--0 5lHl 190-0 34lHl so-o zo-o 00-0 15lHl 1000-0 150-0

-------------------------
VERTICAL NET

cer~la clausl.c, •• ' __"'00" __""""" _•• __ _..-_ .... 30 5._.... 30 10 5 20 5 1.__•••• - .... - ..- ..--- ....
:r II' longtremls••.•••••_•• _•••••_•• __ •• __ • •• 00

00
5 8 ••• _•• 5 30 1 5 2 1 ••••••• - .....-- --- .._-

tanus ftnmarchicus........................ 25 75 70 6 40 80 40 60 70 96 60 75
a anus hyperboreus••• n_•••• ____ •••••••• n 1 1 1 _•••__ ............ ..- ......- 1 1 200 .... -.......- .. 200 ....

D

D

=
a

D

A
Ao
oo
o
li:
E
n
~
l'
l'
l'
l'
n
'l'
'l'
D

=

J...
Aoo

~J:~~~~::~:~:~::~~::~::: ~~:::~ :~~::~ ~~~~~~ ~~m~ ~m~~ :~:~t::~~i :~::~i ~m: ~m~~ ~~~~~~~::J~~~~:
}lt~dia longa.............................. 20 •••• __ 2 10 1 1 4 25 25 20 "0000' 10 10
paia dla lucens •••••••••• n __.n••• __ 10 _•••• _ 1 10 3 1...... 3 3 4 1 4 5
Pee celanus parvus__••••••• n ••• ••••••••• 3 24 •• 00...· - •• -.•••.- •. "'00' ...... "'" __•.__ "'_'00 • •••••.•
lthludocelanus elongatus••__.•••••••••. ~.__•• 6 15 8 10 35 10 5 3 3 3 1 ...... 10

i\~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~ ~~;~~ ::~:: ~~~~~~ ~~~~~~ ~:~~~ ~~~~~~ ::~:: ~~~~~~ ~~~~~ ~~~~~~ ~~~~~~~ :::::~ ~~~~~~
Number of adult copepods per square ------------------------------

meter of sea surface (approximate)... 1,250 •••••• 1,000 2,500 50 130 2,000 1,000 370 5,000 107,500 77,500 10,000
- -'--_-'-_-'-_-'-_-'-_--'-_-'-_-'-_-'-_-'-_--'-_--'_.......Jl--_
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Percentages of the several species of copepods in vertical hauls, February to May, 1920, identified and
tabulated by Dr. C. B. Wilson-Continued

-
Station number••••••__• __...... mnl~I~lmnlmrol~71~1~I~r~11~1~1~1~7Im~
Month•••n ••••••••••••____ •• __ March-Continued

Day of month __................ 13 17 19 19 19 19 20 22 22 22 23 23 23 24 24
---------------------------

Depth In meters••• n ..__.....__ 75-0 70-0 150-0 90-0 200-0 soo-o 110-0 210-0 60-0 200-0 es-c 60-0 170-0 250-0 75-0
---------------------------

VERTICAL NET

Acartla elausl.,••••••••__....... 10...... 2 .••.•. ------ 15n .... .-.... 5 •. n __ .._.._-- 40 n •••• ....... _-- 2
Acartla longlremls..n ••• __••••. 5 .••.•• 10 ...... ------ 5 .••.•• ------ - .... --- ------ ------

8 ______
---- ..- 2

Aetldlus armatus•••••••__...... ------ ---- .... ------ ._.._-- ------ ------ ------ ------ ------ ------ ..- ... --- I ...... .._---- .............
Anomalocera patterson!......... ·...g2 ·.. ·gO ·...gO ...·50 ·"·gO ·... 50 ·'··75--··50 1 ...·75 '···50galanus t1nmarchlcus•••n ...... 55 55 45 50 25

alanus hyperboreus........... 30 5 10 10 15 10 5 5 2 15 10
Candacla armata............... 1 ·····iCentropages brady!.............
Centro\:ges hamatus........... 2 ........... -
Euchlll media. __............. ·... io ·----5 T ····ioBueheeta norveglea............. 5 4 5 5 10
EUfJ:Itemoraherdman!..•••.•••• 2 ---_ ....
Oal Ius tenulsRlnls............. 1 -_ ........
Labldocera illS Iva__•__•________ ...·io ··--·7 1 ··'·20Metrldla longa ...............__ 7 6 15 20 20 10 5 5 15 15
Metrldla lucens................. 25 35 6 15 10 10 10 15 10 5 20 10 20 5
Paracalanus parvus••• ____ •____ • 5 __•__• 6 __•••• ..----- 4 •••••• ............... ..---..- ------ ---_ ..- ..- ......- -- ..-..- -- ..--- ....- .... -
Pleuromamma xlphlas••__....__ 4.n••• ------ ------ ------ ------ --..-oo- -- ..--- ------ ---- ..- -- ..--- ------ .._..- ..------- ........ -..
Pseudocalanus elongatus....n __ 6 15 5 10 n •• n --..-oo- 10 10 20 10 15.__... 6 10n'···
Rhlncalanus comutus,;"".". "'T-- --_ .. -~ ----~- --..--- -- .._-- ------ ------ .~~--~

~_.~-~ T ------ ..----- ._---------- --_ ....
Rhlncalanus nasutus........... ..----- ----~- -----~ --~_.- -~----

..__ .....- ----.... T ------ ---- ..- ------ ~_ .. ~.- ---_ ....
Temora Jongteornls ..... __...__• -----. 10 ------ ..- ..__.. ----..- --_.._- -- .... _- _... _-- .--_..- ------ ------ ... - .........
Temora turblnata .••••__ •• ____. _.._.._... ------ --_ .._.. 5 5 -_ ........
Undeuehssta major__........... 4 ...... ..-_..... ........... --_ .._..----..- T --_._. ._---- ------ ---- ..- ..--p....
Undeuehseta minor•• ____ ....__ • 2 .... __ -_ ..__ .. ----_ .._.._- ....

---~- .. -- ..--- -- ..--- ---_ ..- ------ ..-... _~- ..----- ------ - ... ---- ..-_ ......
----- -----------------------Number of adult cope-

pods per square meter
of sea surface (approxl-

4,760mate)..___•__ .... ___ •• _. 1,250 100 5,000 1,000 2,300 ............ 25,000 1,250 375 6,000 250 500 8,750 27,750 --
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Percentages of the several species of copepods in vertical hauls, February to May, 1920, identified and
tabulated by Dr. C. B. Wilson-Continued

I:ltatlonnumber______________ •__ ~91~ool~112~1~31~1~51~1~I~MI~I~ool~~I~~I~~
Month•• _______________________ April

Day of month, •__________•• ____ 6 9 9 9 9 10 10 10 10 10 12 12 12 13 15

----------------------------
Depth in meters _____________ h_ eo-o 120-0 30-0 80-0 160-0 9Q-O 9Q-O 35 se-e 9Q-O 70-0 ~ llH 60-0 9Q-O

-------------_.--------------
VERTICAL NET

Acartla clausL______________•___ -----..---_'O- 15 .....--- ....._-- -.. _--- 10 10 15 2 1 10 1 45 20
Acartlalonglremis______ •____ •__ -..---- ------ ------ .... ---- --_ ..... ------- --_ ..-- ------ ._---- 2 14 1 1 5 5Aetidlus armatus_______________ ------ .-.--- ------ ------ ------ .._---- ..-.._-- ------ ----.... .... ---- 1 ..._- ..-............. ._---- .-----Anomalocera pattersonL_______ ----50 ----45 ----65 ----75 ----25 ----75 ----80 ----so ----so --'-so ----76 1 ..----- ----S6Calanus ftnmarchlcus_______ •___ 80 34 30
Calanus hyperboreus___________ -----.. 45 4 10 ~ 17 5 3 2 2 2 2 1 5 5
Oandacla armata __________ •____ ------ ---- ..- .. ----- ------ ---- ...-.._---- ...... --- ---_ ..-.. -_ ....-..-..--. .. _-- .... ............. ........ -- -- ....... 1
Oentropages hamatus._____ •____ ----- ........---......--------- ------ ------ ----..------- ............ -......-- ---_ .... .._-_ ..... ------ 2
Centropages ty~cus___ ._._____ • ......--- ----_..------ --T'- .....--- --~ ... _.. .. _---- --~--~

1 ._---- --_ ....... ------ --_ ... _- -- ..... -- --T-'Dwlghtla gracll _. _______ •_____ -- .......... ........ _-- ..... _--- ~----- ------ ---~ ..- M _____

.._---- -- ......----- .... .... __ ..---.._--
EUcalanus ettenuatus ......__ ._ 2 _..... ~ ..-......--- ....... --- ..-......... _...._-- ----_.. ......... _.. .. ........- .............. ............ -_ ..... _..-----i 2
Eucalanus elongatus_________h. .... _.. _- ....... _..-_........... ........-- _....... _- -_..-.... ..__ ...... _.._...... .._-- .... ··T·· .. .... __ ..--_ ....... ..............
Euchlllta media ___ ••• _____ •____ .... __ ..--·-··i ......_..-..-......- ....-....-..-..-.... _....-..- ............ ............ _..... -_ .."'·-2 ......_-- ....__ ..... 2
Euchlllta norvegica.._.____ •• _.. ........_- -- ..-.... .... _- ..-.._......-_¥ ........ --_ ....- .... _.._......_...... 2 .._ ......... .. ··-i ....._-_ ....__ ..-..
EuchlreJJa rostrate..___.. __ ..... -_ ..-..-_.......... -- ......------- _...... _- -.._- ..-..-.._- .. ..........- ..__ ...... ............ ....... --- _.......... -.... _--
Galdlus tenulsplnls._________ ._. .. -_..-.. .......... - ...... -_ ..-_ ....-.......... _..------ _.......... 1 ...... _.... ............. --_ ...... _..... _-- ..-........ .._......-
Halltholestris cronL ___ •___ ••• _...... _..- 1 ........... -_.......... ......_.... ..........---........ -_ ...._.. ..........-.. -- ..... _...._.......-_.......... ..-....-- ... _----
Labldocera sesttva_____ n_ ••____ .... _....-----_.._.._....---_.._..--_...... ..-.._-- .._---- 1 _.._.._- -_ ........ .. _....-.. ..- ......- .... _...... ...... _..-
Metis ilf:ea- •• --- •• ----. --- ..... 1 --·"4 ---·12 ..-.... _- "" 201 --··'4 .._........ ..........-............ --··S6 ----·iMetrld longa.. __•• _____"_.____ 10 1 5 ............ ............. ......-.... 2 5
MetrldlalucenL.. _.____ •• ___.. 15 2 4 _.. _- .... eo 1 3 2 ..__ ...... ·"-·i ............. 1 20 1 5Paracelanus parvus. _________ •__ T _... _.. _..-- ..__ .. -_ ......-........ _.. .... _....... -- ......... _.._.._..

··T n .... -_ .... _....-..... --_ ....- ..-_ ...... 2Phyllopus bidentatus________ •__ ........-....-..-.. ............. _.._.._.._.......... ........ _.. ........... .-_.._.. .._........ ...........-.._..-..- ·"'-i _........... ......_....
Pleuromamma abdomlnalls,••__ _...... _- ..._-_ .... .... __ .... _.....-..- .... __ .... ---....-........... .._......... ........ _- ......._.. ......... ........ ...........
Pleuromamma gracllls___ •_•• ___ -_ ......... _.......... _.._-_ .. ...._...... ............ ............ ..... -_. .... _-_ .. -.........- ...._...... _........... _.......... 1
Pleuromamma robusta.; _•• ____ 2 ............. ..........- ............ ........ -- ...... __ .. ............ ........ _.. _.... __ .. 1 ......_..-_...-..- .... __ .... ---·-i .- .......
Pleuromamma x1phlas...._._••_ m--2 -·--io -··-i2 -'·--2......-.... ......-.... -"-io•.. ·-i --·--4 m·ioPseudocalanus elongatus___•____ 15 ..-..-.... 1 ---_ ..... -_..-..- 5 10
Rhlncalanus comutus____ •• ___ • 2 ............ ............. ........ _- _.._....-.._......---T·- .._.. __ .. .._........ -.. -_ .... "-"""- ........... .... __ .... .... __ .... .............
Rhlncalanus nasutua, •• _____•__ _.......... -_ .....-.. ......_..-......_..--.......-... _........... ··---i .. _........ _..__ ..-............ ....... --- ...._--- _..__ .... ......-..-Scoleclthricella mlnor___________ -----2 ..........-_...._-- m--5----oS ---....--·---i ......-..- .._......-··---i ---·-i -----i ----oilTemoralonglcornls._•••• _._n._ ...._...... ............ ............. -_ ........ ... ....-..-.. ..... -- 1
Temora turblnata.; _~_._____.._ 1 -_ ........ ...... _..- _.._.....-_......_........_.... --_.._.. ...... __ .._........... ... ......_.. -_ ........ _.... -.... .. ........... ..-.. _.... -----iTortanus dlscaudatus••______ ••_.._......... .. -_ ...... ............ ............. ..- .......-..--_ .... ........... ............. .... _-_ ... ............. ...._.. _- _.......... ..-.._..-_.._.._-
Undeueneeta malor____ •__n____ _.._...... -_ ......- ............... -... _....- ..- ......... _....... _............... .._......- _....-.... .. _.._.... ..........--....-.... ..__ ....-----_.. 2
Undeuehesta mlnor________ •__._ .. _-_ .... ...........-_.. __ .... ......_.... ..__ ...... --F·- --C·--·C-· --A-' --Co. --A·---:C --A-- --A-- T
Dovelopment stages___________• _.._..-.._..... _.... ..-....... ..-...._......_-_ .. C

---- - --------------
Number of adult cope-

pods per square meter
of sea surface (approxl·

12,500 7,500 5,000 10,600 7,800 3,250 1,250 2,000 4,750 2,750mate) ____________ h __ ._. 2,500 7,500 7,500 900 2,650

-
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Percentages of the several species of copepods in vertical hauls, February to May, 1920, identijiedand
tabulated by Dr. C. B. Wilson-Continued

Station number 20104\20106120106120107110108[20109120110 120111120112/20113121H14120116!20116!20117!20119

Montb .. April-Continued

20181818171717171616161615 Ii 15Day ormonth................. 16

---------1----'--------------------------
Depth in meters · c. 45-0 125-0 4{J-{) 24{J-{) 135-0 155-0 8{J-{) 65-0 29{J-{) 230-0 175-0 295-0 20{J-{) 85-0 9{J-{)

------------1----------------
VERTICAL NET I

AcarUaclaus!.................. 1 2 60 2 45 2 61 25 2 1...... 4 20 20 15
Acartla longlremis............. 1 4...... ...... 10'...... 10 1 4 10 6
Aetldlus armatus.............. 1...... .•.... 1 -!- ..
Oalanus finmarchlcus.......... 25 60 20 60 35 60 60

1

' 60 00 54 75 00 55 65 75
Calanus hyperboreus.......... 1 7 20 6 5 10...... 2 1 4 6 1. 6
Centropagcs typlcus........... 1 ...... 1
Dwlghtla gracilis. 5 ••••••
Eucalanus elongatus........... 1 1 .

Euchreta norvegICB............ 2 1 4 2
Eurytemora herdmanl......... 1 1...... ......
Hallthalcstrls cronL........... 1 T 1 ' .•'"

~:~~~JFaro~ga__.::::::::::::::: ·"'io "'''20 ·"'·2 ·· .. ·2 5 10 ·""3 "'·'5 ·"'25 ''''20 ~ "·'20 l 1 ...··i
Metrldla lucens................ 16 6 1 20 6 10 3

1

5 3 15 15 1 2 2 2
Paraealanus parvus, __ 2 7...... 8 1
Pleuromarnme gracilis......... 1 ......
Pleuromamma xlphias......... .•.... ....•.• .•.... ".'" .•.... 1 ••••••
Pseudocalanus elongatus....... 45 3 1 10 2 5 5 6 6 7 4 1 2 2 2
Rhlncalanus nasutus.......... 1
Temoralongicornls............ ..•••. 1 1...... 1...... 1,..... 1...... 1...... 1 1 .
Temora turblnata , , 1 ..
Development stages. C F ""'. FCC A

Number of adult cope
pods per square meter
or sea surtace (approx-
Imats) ~ 2,600 130,000 6,000 4,800 47,250 1,000 2,800 9,000 8,600 5,600 20,00020,000 28,00017,600 5,000

Station number. 20120 I 20121 I 20122 I 20123 I 20124 I 20125 I 20126 I 20127 I 20128 I 20129

Month .

Day ormonth.............................. 4 4 7 16

May

16 16 17 17
,

17 17

------------,1--------------------
Depth In meters............................ 48-0 55-0 95-0 55-0 90-0 14{J-{) 155-0 145-0 70-0 160-0

-,--.,...-.,...---------11-------- --.-.------------

VERTICAL NET

14,000 77,000 21,750 28,750 28, 500 21,250

Acartia clausL.............................. 10 15 15 8 10 7 5 5 5 1
ACllrtlalonglremis........................... 5 2 6, 8 1 1 5 5 2
Aetidius armatus............................ T
Anomaloeera pattersonl..................... 1 '.'.". .. .
Oalanus finmarchlcus , 40 60 60 80 75 80 80 80 80, 80
Oalenus hyperboreus........................ 5 2........ 3 3 5 1 1
Oandaeia armata............................ .. , ,,,, ..,, ,.. 2
Oentropages bradyL 1........ . '''''.''
Centropages typlcus. . ""'''' 1
Eucalanus attenuatus....................... 1 ''''''.'
Euchlllta media............................. . , ,.. 1 ..

~~fl~::f~~r:~~t::::::::::::::::::::::::·~ 1 · i ·"'·"i :::::::: :::::::: :::::::: t
Heterorhabdus splnlrrous.................... I _ .. .
Metrldla longa.............................. 10 2 3 1 2 3 3 2 2 2
Metrldla lucens............................. 30 2 3 1 2........ 1........ 2 2
Paraealanus parvus......................... 1 2........ 1 1 2........ 2
Pseudoealanus elongatus.................... 1 15 5........ 8 4 1 1 10 2
Rhlncalanus nasutus........................ 1 ".''' "".._ 1
Temors longicornis.......................... 1 1 1 1 2
Development stages......................... A ACe F '.'''.'------------------------------

Number of adult copepods per square
meter of sea surface (approximate).. 55,000 12,600 27,700 .
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Percentages oj the several species oj copepods in samples jrom the"surjace hauls, February to M ety, 1920;
identified andtabitlated by Dr.C. B; Wilson .:

Station number_____ n ______________ •• 20044120045
1
20046

1
20047 120048120049 20053120056120058120059120060 120061120063-120064

Montb__ •____ •________________________ February March

Day of month ________________ ._•• _____ 22 22 22 23 23 23 1 3 4 4 4 5 11 11

--------------------------
SURFACE NET

Arcartia clausL _______ •___ •• __________
-~---- ------ ------ ------ .._.._-- ------ ... _.._-- ------ ------ --_ ..-- 25 T . 20 --..- ....Acartia longiremis_____...________•____

--if:- T. 10 4 ----- ..Asterocheres bcecki; _________ •__ •• ____ ---6ii- "-00- -'-sii- ---75- ---:i4- ---00- ---iiii- "-7ii- "-iiii- -"00- ---iiii- -'-iii- ----45Calanus tlnmarchicus _________________ 95
Oalanus hyperboreus ____..______ •__ n_ T. ______ T. 10lIalithalestris croni.,_________.._______ ---:i:i- 10 4 5 T. 4 T.Metrldia lucens _________________.._.._ 20 25 5 --1'-.-- 15 6 _._~ ___
Monstrilla serricomis__,_•• ________ •__ --'34- "-:iii- ---20- ---:i:i- ---:iii- ---i7- '--iii- ---20- "'iiii- ----45Pseudocalanus elongatus ___ •• ____nn_ 5 22Temora longicornls_u_______n __ 00 ____ --X:- --X:- ·-X:- "s: --X:- 3 17 ............. ------ ..- .._-- rs:Development stages____n _________.... C. F. "--'-1 00 00

' --
Station number__ •__._.._'___ •__ •• _._._ 20065

1
20067

1
20070 \20071 120072120073

1
20075

1
20077

1
20079 \20081 120083120084120087120088-

Month_____ •_._n'_••._. _____., _•.••.• March-Continued

-
Day of month_______n ___....n ____.__ 11 12 13 13 13 17 19 19 22 22 23 23 24 24- --------------------------

SURFACE NET ,
1Cllrtla claust., __ ••••••_.n.n_...._.. ...... --- 25 10 60 T. .......... - 30 5 T. 10 15 25 15 10
C~~tia longlremi~_____ ._._._____ •_____ ---sii- 5 5 ____ 00 T. ..----- 3 5 T. 6 65 25 5 5
C nus flnmarehieus __ •___ •__ ••• _____ 30 75 ._____ 66 50 30 65 50 60 8 5 60 75
E~:i?us hyperborous _______ •___ •• ___.. --..--- -_.. -oo- 5 T. 5 25 '_00__ 2 ------ _.........- 1
1I reta norveglCllun_.._._._. ____ n_ ------1---- ..• 6 25 •• ~ __• _~ ___ •

---T -••ni:r.ralithalestris cront.,__ ._•• __....._.___ ._.___ 1 2
Metrldla longa.,.......___ n_._._. __._--'-5- "-iii- :::~6r::i:

---iii- '-'-5- ...... 15 2 "'25'Metridia lueens______________•__....__ 8 5 --if:- 5 3 _•• ~.. 6 6
l' onstrllla serricornla, - ---.- -----. -.-.

:::~r:~~:
'---5- :::::r""'l:::: -"iii-P aracalanus parvus ____.._00 ________ ._

---T ---25- -"iii- ---:io- ---:i:i- -"iii- ---·-sTseudoca!anus elongatus __..____...... 1 T .............
··~iii-Demora longicornls______......_____ •• _ 2 T. -_ ....... ---_ ..- 4 :::::: --fj.-- "s: ··X.-- rs:evelopment stages_u ______ •• _._. ___ • ------1----·- A.-

station number_____ •_____ •• __ ._ 20089120000120091120092
1
20093 20094120000120000 120100 201O112O10412O10512O1~612O10712O108-Month ______•_._______ •____• ___ April-

Day of montb ____ ._._.____..._. 6 6 9 9 9 10 10 12 12 12 15 15 16 HI 16- ----------------------------
SURFACE NET

1cartla clausl.;_____________.... 15 ------ 1 --_.--_........- 1 40 ------ ------ 12 65 20 1 70 45
c~rtib longiremls;........____ • 5 1 _.... oo-- ........ --- 1 5 '-'9g- --iiiii- 6 10 3 1 5 40
C Janus tlnmarcblcusm_. __ •___ 70 '--9S- 97 50 55 95 45 50 10 50 65 5 10
lIal1nus hLPerboreus_. __ •______ 1 1 1 1 2 2 ····r 7 30 --_ .._- 3
:r.r~t~b~es rls ercnt.,; ____ •• __ ._ -'-25' -"iii- ........ -- "'is' ............ _.....-.....
:r.r t dia longa.•• _n ___ •___ •___ • 1 6 20 ----_ .. 1 ------ .-----
:r.re rldla lucensm__..........._ ---ia- 12 14 1 2 10 10 5 1 ........................
l' onstrllla serricornis__________• ---io'---i2- T. T. "-20" ::::::'jjseudocalanus elongatus ______ •• ---'2' 1 Ii 1emora longlcornis_____________ 2 2 _'__ '_1 2-

75898-26--20
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Percentages of the severa~ specieaof copepods in samples from the surface hauls, February to May, 1920,
identified 4nd tabttlated by Dr.U, B. Wilson:-:-Continued

Station number_". ___ .;.__ •• __ •._ 20109120110120111 120112120113120114/20115120119 20120120122/ 20124
1

20126
1

201271 20128120129

Month•••••••• __ •••• __ ~. __ .~ ••• April-Continued May

Day of month..__•___ •• __•___•• 16 16 17 17 17 17 18 20 4 8 16 16 17 17 17

------------- ---- ---------- --
SUlUIACJJ:NET

Acartia clausl.,•••• __ "•• __ ._._•• 45 16 17 -- ...... - ----~- -- ..--- ------ 8 35 6 6 10 6 30 7
Acartia longiremis••n ._.__ .. __• 40 16 17 -'ioo' --'!iff

2 5 3 --'00' '--75" 1 4 .2
Calanus tlnmarchicus. ____ •____• 10 60 33 100 ---BO' 87 60 90 65 60 00
Oalanus hyperboreus••• __ •••••• 5 6 ........ _- - ....--- ...... - .... T. 5 - ...._-- T. 1 1 2 ...... _..- 2 .............
Halithalestris croni. ___ ~ ___ n .. _ 2 T. ----5· --"s- '--20' '--'j" -- ........
Metrldla longa..._••__ •••••·•• n. 2
Metrldla lucens•••___....__ ••••• -0020' .niii' 4 1
Paracalanus parvus__•••••_•• n. 1 '--"3' --'iii' --",r '--'rPseudocalanus elongatus .•.:._ •• 10 2 ---niTemora Iongfcornls•••••• __ •__•• 3 "0:' "C':· "C·:' --X:' --X:' ··C·:' 1
Development stages••••• __ ••••• "F:"

Percentages of the several species of copepods in samples!rom the horizontal hauls, December, 1920;
and January and March, 1921, identified and tabulated by Dr. C. B. Wilson

Station number•• _____ .•••_•• __ •• __ . __ •••••_••••• ____ •••• __n. __n. __ ., __ .__ . 10488
1
10489

1
10400

1
10491

1
10492

1
10403

1
10404 /210405

Month._. _._•••• __ ••• _•• , _._•.•••• __ •__ ••••••_•••• _' _•••••••••• __ ••••. __ ••••• December

Day of month••; •• 00" _.......____......__.__n_._ .__ . ____ .. _._....___ n ._.. _ 20 29 ~I~ 30 30 30 81

------
Depth, In meters, of major part of haul.,_____n_... ___ n __ n __ .' _____ ' """ 15 75 240 125 20 75 60 60

----------------............ ,
lioRlzmiTAL NET, OPEN

AcarUa elausi, _____ •. __ .n.__.. __ . __ .00 __ .__.._n._______ . __ . __ .___ ._.. __ 00 .. 5 3 1 3 1 10 3: 5
Acartla Ionglremls.;_______ c _____•••• __•• _____"••• __._.__••• __••• ___•• _••• __• 6 15 ------ 2 1 10 5 5
Anomalocera pattersont, •. '" c•••••••• _••••• _••••••••••••••••••••••• __••••••• T. ----- .. --'00' '--55' 00'55' --'75- ----25Oalanus fmmarehlcus , 00 --..-c--.- ___ .•..__ n .... __ .. __ n_.___.......".. _. n._ 65 30 05
Oalanus hyperboreus•••••••n ...."c ••• ___• _",_, 'n" __..........._.......... "'"8" ------ 5 ------ ------ -- ..--- ----~- --~---

iE;f!~ti~iJ~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ ~ ~~~~~~ ~ ~~~~~~~~~~ ~ ~ ~~~m~ ~ ~ ~ ~ ~~~
'---2- ----_ .. _......... - _..--_ .."--i- _..__ .... 5

5 _..- ... _- - .._--- -'To" ..--- ..- 5
_......... ........-.. ...... -_ .. -- ........ ............ ............

-.._~ ..~ 2 --_ .._. --_ .... - ..----- _.._-~- ---- ..-
I .. -oo ....... "--"-" ........ oo .. _ .... - .. oo ..- .._..- --_ ....... .......... -

t:~~~JFar~riga====:.:===::::::::::::::::::::::::::=:::::::::::::::::::=::=::: 1 ---20- -_ .... _- ----5- '.-·c·31 .._........ 25 10 15
Metrldla lucens ••• ____.,. _____ ••• _•••••••_n__. __ ._......__ ._."_ ~ .. _. ___ .... 1 20 5 10 2 a 1

!~l~i~~~~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~ ~ ~ ~ ~ ~ ~
2 --'iii' 2 2 2 m-

505 10 -_ .... _.. 15 5 5
--- ...-- -----... :::::f:::: 1 --- ..-- 1 -_ ...... -

..__ ...... T. --_ ..- ..
_m i" ---··iTemora Iongleornls•••• _••••_n.. _._...n .......n .. _'.__ .. ___ n ..._..._....__ • 2 .._-- - ... .- 5 ...._......
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Percentages of' the several species of copepods in samples from t he horizontal'hauls, .December, 1920, and
January and March, 1921, identified and tabulated by Dr..C. B. Wilson-:'"Continued

Station number.m__ m •. __.mm•. n .••• m. 10400110497110499110500 110502 10505110506110507110508110509\10510 110511

Monthn:.. __ ...m .. __ •• n "" :•.•n .• _.•. _m.'" January March

Dayofmonth•.~.nn. __.n••.•••••.__ •__ .•• __ ...•• 11__1 __4 __4 __5 _4 4 4 _4 5 __51__5

Depth, in meters, of major part of haul•••••••n.n 100 50 ~50 60 150 20 10 60 40 150 175 100
--_'- e- -'-I__--.--------------------

HORIZONTAL NET, OPEN ' ,

AoarUaclausL.hmm:n•.•• m •. ..•m ..... n. __ . 5 2 n.... 10 5 5 3 15 5 10 5
Acartla longlremis__ __nn.••. __ •.•.•• """ 2 1 n __ n "n" n T. ..n__ 2 2
Oalanus ftnmarchlcus ".n. __ __ m __..n..... 65 35 75 35 10 45 45 '50 50 70 30 70

g:~~~~~~~~~~~s~~::::::::::::::::::::::::::::: ..__~•.•.•~. 5 "'T:' ... m :::::: :::::: :::::: :::::: __ ••~. ::::::

gentropages hamatus••• n.n.••...••.n"•....•.n. 3 16 2 5 .".'. ...•.• . ...•...••••
Eentropages typlcus.••__ ." ..n ..n.nn"...•.••__ . 5 8 3 3 ' " .•.•n 1 1

t~·~·:~~:·~~;~~:jj~~[~;~"j~~~· :::} :::":: .::;: .".~. :::~: "'f;' :':~': :;;~ ':',,; :~'.i: ;;;~;I.· ••;
p etrldla Iucens., , •.••..•. __'.••.n. __ n •....•.n.__ 5 8 30' 5 2T. '5 .••• n 5
paraoalanus parvus.• n nn """ . 2 10 •••••• 5 •• n" .•.n' .••.n •••n. 1
asoudocalanus elongatus••••••n.nm n.. 5' 14 5 10 45 45 25 25 . 3 10 5

~~f~~iA~J~~::::::::::::::::::::::::::::::: 1 ••~m ••• n •••~--. --'if ...m :::::: :::::: :::::: ::::~: :::::: ::::::

evelopment stages.•: ••n' ':•.•nn. • ' O. O. O. A. O. A. O. F. n __..__
,,~ ,

Su:ppl~men:tary note on the copepods 6?

Since l the preceding account of-the oopepods waswrittenzDr.. C. B; Wilson has
:made a further examination of the tow nettings of 1920 and192band communicates
the following notes on additional species detected. Most,~fthese'appear only in
vrerysmall numbers. One, however...,-Oithona similis~is plentiful.enough to suggest
that it will prove.widespread in the gulf.

Aegisthus 1JJ,'lJ,c?:onat'UfI.-A single female was. obtained from a .V'erticalhaul at
station 20069, March 12j 1920, southeast of Georges Bank.

Alteutha'dep'l'estJq,.-About a dozen.of these peculiar harpactids, which look very
llluch.like,sowbugs,weretaken,ina,verticalnetat station 20117 on April.17, 1920,
close to the eastern shore of Cape Cod.· ,

c4,mallopho'l'a nw,gna.,..,.,.Threefemalea taken in a vertical net just off the southern
edge of Georges Bank, February. 22,1920, station 20044.

" Oalanus. mirW'I'.-;-Ten of these tiny calanids were taken at the surface.between
the eastern end of Georges Bank and Nova Scotia, April 16, 1920, station 20106.

Oalq,nustonsus....,-sixfemaleswere taken in a vertical net off theeasternend of
George~ Bank, April 16, 1920, station 20107.
. Owrlitacian()rvegica.-Three females were captured at the surfaceoff the southern

edge of Georges Bank, May 17,1920, station 20129. . '
OMridiusarmatus.-Eight specimens, including both sexes, were taken in a

vrertical net southeast of Nova Scotia, March 19,1920"statiQn 20077.
------------------------------------

IQ Oommunlcated by Dr. C. B. Wilson.
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Ohiridius obtusij"rons.-Three females were captured in a vertical net southeast
of Cape Sable, March 19, 1920, station 20075. "

Ohirundina streetsii.-Two females were found in a vertical haul just south of
Georges Bank, February 22, 1920, station 20045.

Clytemnestra rostrata.-A single female was taken in a vertical haul south of
Georges Bank, February 22, 1920, station 20044.

Oortvucalomus magnus.-A single female of this large calanid was found in a
vertical haul southeast of Nova Scotia, September 6, 1915, station 10313.

Ooryc;eus ca7'inatus.-Eight specimens, including both sexes, were taken in a
vertical net just north of Georges Bank, February 23, 1920, station 20048.

Oorucseue elongatus.-Ten specimens, including both sexes, were found in the
same haul with the preceding species, station 20048.

Oorpcseue ovalis.-Two females were taken with the preceding species.
Ooryc;eus speciosus.-Two females were captured in a closing net north of

Georges Bank, March I, 1920, station 20053.
Dunghtiagracilis.-Ten specimens, including both sexes, were taken in.a'vertioal

net just north of Georges Bank, February 23, 1920,station 20048 (see also p. 226).
Dwightia oculata.-Six females and three males of this beautifully' colored

species were taken in a vertical haul southeast of Nova Scotia, March 19, 1920,
station 20076.

Eudueta marina.-A single male of this species was taken in a vertical haul
northeast of Cape Cod, August 31, 1915, station 10307.

Euchirella curticauda.-Six specimens, including both. sexes, were taken in a
vertical net southeast of Nova Scotia, September 6, 1915, station 10313.

Euchirella pulchra.-Three females were captured in a vertical haul south of
Georges Bank, February 22, 1920, station 20044.

Gtetamu» mUes.-A single female was taken in a vertical net in deep water south
east of Nova Scotia, March 12, 1920, station 20069.

Gaidius brevispinus.-Three females were taken in a bottom net at' a depth of
150 meters south of Georges Bank, February 22, 1920, station 20045.

Heterorhabdus norvegicus.-Six specimens, including both sexes, were captured
in~a vertical haul south of Georges Bank, February 22, 1920, station 20044.

Metridia brevicauda.-Fifteen· specimens, including both sexes, were taken at the
surface northeast of Cape Cod, April 18, 1920,' station 20115.

Metridia princeps.-A single female was taken in a vertical haul off the southern
edge of Georges Bank, February 22, 1920,stl1tion 20044.

Microthalestris forficula.-About 50 specimens of both sexes of this tiny harpaetid
were obtained at the surface north of Georges Bank, station 20114.

Oithona atlantica.»--Thirbymalea andfemales were taken at the surface southeast
of Nova Scotia, March 19, 1920, station 20075. '

Oithonaplumij"era.---Threefemales were captured at the surface at station 10511,
March 5, 1921. '

Oithona similis.-Several hundred specimens of both sexes were obtained at
various stations in;vertical nets and at the surface.
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OnCl£a conijera.f.+,'l'Welvespecimens,' including .both 'sexes, were taken ,at the
surface.in the Eastem' 'Channel, April 16, 1920, station 20107;

Oncl£aminitta.-Fifteenmales and.femaleerwere capturedin avertical' haul in'
deep water southeast of. GeorgesBank,M;arch 12, 1920, station 20069.

Oncsea venusta ......:-Twenty-five males' and; females were found in' a;,vertical haul
south of Georges Bank, February 22, 1920" station 20044.

Scolecith1lioellaobtusifrons.--Threefemales were captured .in :llivElttical net in
deep water southeast-of Nova Scotia, March 19, 1920, 'station 20077;

Scolecithricella ovata.-s-Twenty females. were taken in a vertical net south of
Georges Bank, February 22, 1920, station 20044..

Temora stylijera.__A single female was captured in a vertical net southeast of
Nova Scotia, September 6', 1915, station 10313;

Tiebe jurcata.-A ;singlefemale was taken at the surface just outside Boston
Harbor, April 6, 1920, station 20089.

DAPHNIDS (CLAIloqERA).

These little crustaceans are often extremely plentiful in the coastwise waters
of boreal seas, especially of the North Sea region. It is probable that they are an
important element in the plankton of estuarine situations' 'all around the coast line
of the Gulf of Maine, for McMurrich found the genera Podon and Evadne regularly
at St. Andrews during 'the summer months, often in abundance, while to the south
of our area Fish (1925);reports both Evadne and Podon in abundance at Woods Hole
and in Long'Tsland Sound. The group as a: whole, however, is so strictly neritic
that it hardly figures 'in the planktonic communities of the open gulf more than a
few miles out from land, except at 'rare intervals for brief periods, and is only acci
den:taloutside the 100-m.etal-contoUr.

Only one clad6cera:ngenus--'-Evadne~hasyetbeen.:notedin our catches, and
because of its slight importance in then~tl.J+al economy of the offshore waters of
the Gulf of Maine no att,eIllpt -ras m~qe to,li~.~; the <>?9urrence in the towings of
1912 to 1914. A preliminary survey of the surface towings for 1915 located it at
stations 10287, 10302,10303; 10313,10317,10318, and 10319and,inShelbume'Har
bor, Nova Scotia. In 1916 Evadne was recorded at only one Gulf of Maine statdon-«
10398. All these localities, as I have already stated (p. 35), lie within '15 miles
of land. It did not appear in thesamples of the .catch at the other summer sta
tions, which were passed under the microscope, but as examination of larger amounts
of the plankton might; have disclosed occasional specimens of Evadne, the most that
Can be-said is that it was icertainly scarce ifnot actually absent at the stations where
it was-not recorded (also on .Georges Bank, August 13, i926).

Evadne wasn.otfohndat allin the spring towings of 1920 or during the winter
and early 'spring of 192()..;.1921, but in August, 1922, it appeared at several stations
in Massachusetts Bay: (10636,10637, 10638, 10640, 10641, 10643, and 10644).!) Up
to;that time we' had', found lit in large numbers on'Olily:! twotoccesionsr-nataely,
near Cape Elizabeth, September 20, 1915 (station 10~19),tl:nd Cape Cod Bay, August
24, 1922 (station 10644)7 most of the other records being based on only a scattering.
On August 18, 1924, however, after this .reporf was readYfqr. the press, surface tows
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yielded a great abundance ofEvadne off Gloucester, 1 to 10fuilesout in Massachu
setts Bay. It was leseabundant 16 miles out and scarce or absent-over the northern
end. of StellwagenBank.A tow«made that same day-close to the extremity of
Cape Ann yielded only a fraction as many.Evadneasoffthe mouth of Gloucester
Harbon.cand. only a scattering was taken two days later in Provincetown Harbor,
though young herring seined there were full of Podon andEvadne,

In the ,North Sea region Evadne .isdefinitely seasonal in its occurrence. The
two species whoseoccurrence there. has been plotted-spinifera ·and'nordmani'-,oare
both most plentiful in August. The entire stock of the former- produces resting
spores in autumn; then dies off. This is likewise the fate. of most -ofthe nordmani,
though some few of these survive and continue to reproduce parthogenetically dur
ing the winter. The spores of the two specieswinter on the bottom; hatch in May,
and by rapid asexual multiplication the stocks are again built up ·to their summer
plurimum."

Specific identification of the Evadne of the Gulf of Maine has not been attempted
as yet, but our few records of the genus as a whole, with McMurrich's data for
Podon and Evadne. at St. ;Andrews, show a corresponding .seasonalperiodicity in
the Gulf of Maine, all falling within the period June 8 to September 20, with the
largest offshore catches in August and September. At Woods Hole, Fish (1925)
found Evadne nordmani most plentiful in November, least so in spring, but .Ester
gestina at its maximum during the summer and early. autumn.

Cladoeera are one of the most important items in the diet or many species of
larval and post-larval fishes in British waters (Lebour 1919 and, 1920). Jq.dging
from the, generalsimilarity between the planktonic COmmunities inge:Q.eral, proba
blythis applies also to the inshore. waters of the .Gulf of Maine. I The various young
fishes that are in shoal water there in summerwiU probablybe found to consume
Evadne and POd9n reguiarly.......,herring, for instance, as just noted,

WORMS
GLASS WORMS (OHlETOGNATHS)02

Four species of cheotognaths areknown from the GulfofMain», one of which
SagiUa elegans__isaregular member of the local endemic plankton,while the others
enter its limits as immigrants only.

Sagitta etegans

If 1 were asked to name three animals as most characteristic of the. plankton
of the offshore waters of the Gulf of Maine I should unhesitatingly iselect, the
copepods Oalanus finmarchicU8 and Pseudocolasvue elongatusJ and the chretognath
Sagiua elegans.ea Throughout the year .and in every part of the Gulf of Maine, as
well as over the offshore-banks which inclose it on the south,thislarge,active, and
voracious worm is so nearly universal that it has been .taken at practically every
E\tationandin the great majority ofour hauls. To the cas t ,and:Q.orth of oudimita,

II See Aps~ln' h911») lor an account ill the seaSonal cycle. .
"Identifications follow von Rltter-Zt\hony (1911)and Huntsman. (1f11f1) •
13 I follow Huntsman (19~9)lntreQ.tlngllSa unit the several "'subspeoles" of S. ele~a'flB, a sp~cles coDiparable.t9 theh,err!ng,

ain'origfishes, In its tendency to develop'local races In different physical environments." ." .
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-too, it is aregularinhabitant of the whole continentalshelf'off Nova Seotie (BigeloW',
1917; and Huntsman, 1919), likewise over the Grand 'Banks' oCNewfoundland and
in the Gulf of St. Lawrence, 'where the Canadian fisheries ekpedition found it at
many .localitieaand.in large numbers (Huntsman, 1919). Generally speaking, the
Gulf of Maine is the most southerly important oentarof regular reproduction and
constant abundance for S. elegans, as it is for various other boreal planktonic animals.
West and south of Cape Cod this cheetognath is less plentiful, less regular in its
occurrence, and more or less seasonal, ranging southward as far as Chesapeake Bay
in cold summers (e. 'g., 1916) but rare beYond.Nantucket in warm (e. g., the year
1913), as I have elsewhere remarked (Bigelow; 1922) p 152). At Woods Hole it is
fairly plentiful from December to June, but decidedly ,rare or lacking entirely 'in
summer (Fish, 1925, fig. 34). Probably it occurs farth~s.~\Y>, the southward. in
winter, but-the limit to its distribution in thatdirection is ',.not yetk,npwn for the
western Atlantic. c •.

It has been well established.tbothby our own records andebythose of the Cana
dian, fisheries expedition of 1915 (Huntsman, 1919), that :3. eleganS (though not
dependent on the bottom at any stage of development) is a creature of coast and not
ocean waters. This, indeed, its occurrence in other seas would suggest. Broadly
speaking,the outer edge of the continental shelf is its offshore boundary west of
Cape Sable at all seasons, a fact illustrated by its rarity at our deep stations over the
continental slope 64 both in the cold months and in the warm. Eastof.this, however,
Huntsman has shown that its outerlimit fluctuates with the seasons,spreading out
to the eastward to cover the great oceanic triangle between the Nova Scotian and
Newfoundland Banks in spring, to contract again to the general contour of the con
tinental edge as far as the tail of the Grand Banks (including -the.Laurentian Channel,
however) in midsummer. The high temperature, or high temperature combined
with high salinity, ofthe inner edge of the so-called Gulf Streainis an impassable
offshore barrier to it along the North American coast.

Only a preliminary survey has yet been made of the collections of' tills species
gathered during the Gulf of Maine cruises; enough, however, to show that its range
Covers the offshore parts of the gulf. We have seldom found it in any abundance
over the deep basin, however, as appears" clearly from the accompanying chart
(fig. 86) showing the numbers of.S. elegans per square meter of sea area as calculated
from the catches of the vertical nets for the surrimer seasons of 1913, 1914, 1915, and
1916. Out of a total of about 80 such hauls, only seven have yielded more than 50 S.
eleqam« per square meter anywhere in the gulf outside the genera1100-meter contour,
and these seven stations were all located close to that contour line. With these few
exceptions, all our rich hauls of S. eZegans have been in shallow water, either in the'
coastal zone (in July, 1912,we found S.elegans in some numbers in Casco BlJ.Y) or on
the offshore banks. But the localization of the rich and poor catches show that not all
parts of the peripheral zone of the gulf offer an equally favorable habit,at for S.elegans,

81 None were taken at station 10220 In 1914, station 10352 In 1916, stations 20044 and 20129 In 1920, nor ~t any of thede~pstatlons
011 the slope west and south of Oape Ood eltl:\er In 1913 or 1111916, but. a fewwere detected In tile vertical haul from 500 meters off
Georges Bank, July. 1914 (station 10218). .. ) • '. " .' .: ,.'.
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the "rich"hauls (50+ and especially 400+ per square meter) being definitely concen
trated in three chief centers of abundance-viz" in the Massachusetts Bay region and
the waters immediately .to the. north and south oUt on Georges Bank, which would
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probably apply equally to Nantucket Shoals, and in the neighborhood of Cape Sable
in the eastern side of the gulf, It is only in these regions that we have made catches
of 1,000 and more' to the square meter,
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The most abundant congregation of B. elegans so far encountered in the gulf
wasapproximately 5,000 .per square 'meter (young.stages) over the outer .part. of the
shelf off Nantucket on July 25, 1916 (Station' 10354). (,8; elegansis far less abundant
along the coast of Maine east of Cape Elizabeth, and off western Nova Scotia it is
often so rare that the vertical nets failed to take it, though it might occur in the
horizontal hauls. It is frequently as numerous as 50 per square meter in the Bay of
Fundy, however, as Huntsman and, Reid (1921) have pointed out.

Approximate numbers oj individuals oj Sagitta elegans per square meter oj sea surface, based on the
catches of the vertical nets

Station Date Number Station Date Number

-
10213_•• ___ •• __•• ____ • ____ .u____ •• __ July 19, 1914 10 10329____••••__•• ___ •__• ___ • ___ •_____ Oct. 9, 1915 230
10214•••____ • __._u.__•••_••• ___ • ___ • _____do , , _____ 10

~~~:=::::::::::::::::::::::::=::::: Oct. 26,1915 10

t~~g: ::::::::::::::::::::::::::::::: July 20,1914 1,360, ~~~,_do.'.__; __ 0
__ •• .do •• ___•• 860 10338.,•••_. __•• __••••••_•• _••• __• _••• Oct. 27,1915 100
July 21,1914 20 10339. ~•• _. ,.;. ~c••••~c. _•••_•••••••_ ••••.do, ...~u •• 385

10223•••__._ •••••_......__.'__•••• ____ July 23,1914 170 10341_ • ____ ._. __•____~. __•__• ___ ••••_ July 19, 1916 2,500
10224c•• _. ~ ,', c•• , •••~ _cc,.' •••_. _•• ~_ •____do_,._._; 2,000 l034lL,. c. _. _. c~c_•••'_,. _••••••__~.I•• ~_.__do.,_._._ 1,750

~giig:,:::::::::::::::::::::::::::::::
_____do_. - __._ 260 10344.. _________ • ______ ....._... _____ July ,22,1916 60
July 24,1914 260 10345, •• ~_i ; ... ___ .~ __ •• _•• ____ •••••• _•• _.do•••••u 810

10227•••_•• __•••__•• ____ ••••u •• __• __ __•• _do_. ____ • 50 10346. _______ ._ •••_. ___ •_____ •____ ._. __•••do _____•• 445
10229,•••__••••••;._••••__•••• ___ •••• July 25,1914' 1,340 10347,. , ____.;•• ~c••••__......c•••__• July 23,1916 2,50010230•••__•• _____ •___ • _____ •• ______ ._ ___ ••do , ; _____ 2,140

,~~~: ::::::::::::::::::::::::::::::: July 24,1916 470
10243•••••c•• c••• , •• ; ••••• ; •••••••••_ Aug. ,11, 1914 70 July 25, 1916 5,000
10244_ ••••__•••_____ •• _•••••••_•• __•• Aug. 1~ 19,14 40 20048__•• _••••••_•• _•• ___ •••••••••••• Feb. 23,1920 65

tm!~ ~,~~~ ~"~~ ~~~ ~ ~'~~ ~~~ ~~,~~~,~,~ ~ ~~.~ ~~ ~
.....do ••• __•• 10 ,20049._J..._•• c._•••• ~_____ .:••••~._._ ._ •••do •• __•• : so
:::::g~:::::::

20 20050____•• ______ • ___ •• _••••u __••••• Mar. 1, 1920 30
0 20053••c••••_;•• ___'. __•••••"•••••.:c•• Mar. 3. 1920 25

Aug. 13, 1914 0 20054__•••_•• _u. __.....____ •____ • _._ __ •__do._._ •• _ 15
10249•••~ •••_•• J__• _._ ••• _• .:. _c_. _••• __• __do •• _•••• 10 20055;",__•__•••••••••• _.'.u•••••__• _u __de). __• ~ __

50
Aug. 14,1914 10 20058__•••••• ____ •••••_••••••••••____ Mar. 4,1920 5
Aug.' 22,1914' 50 ,20060_ .'c,••••c._ ..• c••••••••_••••_._ ____ .do,••__ ._ 5
Aug. 23,1914 30 20061.. _' """'" __." •____ • _....... Mar. 5, 1920 15
May 4,1915 10 20002._•••_. _•••••••.;__•••••••• _••• .: •__.i.do••••••• 0
May 5,1915 0 20064••• _.__ •••• _.__••••••••••__••• __ Mar. 11,1920 204
May 6,1915· 10 20065••;._•• _•••_•••••••••••••••••_•• _c_••do _______ 5

__ •• .do , ___ ••• 15 20066. ___ •• __u __•••• _•••••__•__••••• • __•• do ___• __• 50
May '7,1915 , 40 20067. _•• __•• ;. ~ •••••••••• C.i._••••• ':~ Mar. 12, 1920 150
May 10,1915 25 20068•• ____ •••_. _. ___••••_•• _._._ •• __ uu.do••• _••• 0
May 14,1915 5 20069. _••• .;••••••_••••_•••_•••••••••• •••:.do._ ••••• 0
May 26,1915 0

~~t: :::::::~::::;::::::::::::::::::
Mar. 19,1920 180

June 10,1915 0' •• c_.do_.,._•• 50
__ • __do_n•••_ 5 20079•••___ .'__•• __•______ ",,_, __• ___ Mar. 22,1920 150
June .11,1915 0 20080•••, •••_••••••_•• : cc•••••••••••_ .;_.:.do;•• _c.~I' ' 60
June 14,1915 10

~~~::11:::=:=:=c::::::::::=::::::: Mar. 23,1920 10
__•• .do..; ___ c_ 0 •• __.do•••__; _ 5
June 19,1915 20 2OQ87••______ •••••••""'_•• _••••••__ Mllr. 24,1920 0___ ..do. __• ___ 20 20089;. ~ __c_••••• _____ cc.__;._••• •__.i. Apr; 6, 1920 10
June 23,1915 585

~~:::::::::::::::::::::::::::::::: Apr, 9,1920 40
June 24,1915 0 Apr. 10, 1920 0
June 25,1915 5 20095_ •••• ___ ••••••••••••• ,. ___ •••• __ •. __ .do, •• _.__ 65
June 26,1915 0 20100. ; •• _••••••••_•••_._•••••_••• _.~ Apr. 12,1920 50
July 7,1915 70 20102_•••••• _. _••••••_•• _••••••__•••• Apr. 13,1920 5
Aug. 7,1915 25 20105••_•••• ; •••••••_•• __•••••••••••• Apr. 15,1920 50
Aug. 31,1915 15 20107•••_. _____ •• ________ • ___ •• __._._ Apr. 16,1920 20

___ ._do_ ••~_.' 10 20108••• _••••••••• ___ .c•• "cc•• : •••••• •• ___do. __..__ 10
Sept. I, 1915 25 20109•••.____ •• _. ' ________ •••_. ___ ..._ _... _do_._..._ 10
Sept. 2, 1915 '0 20110. ___•••••__",__", ___ •••••••••• •• ~~_do••• ____ 490._.__do _____•• 20 20111. •• _. __n. __..... _•. __..__n. _•• Apr. 17,1920 85
Sept. ,6;1915 , 15 20112. ' •• n ••••• ,.'•••• ; ......____ •••• , •• "do._.,~'_ 10
Sept. 7,}915 410 20113. ___ • _. ____ •• _. _. _. ___ • _._•• __•• ._n_do_._...,. 5
Sept. 11,1915' 10 20115•• '-••••• ~'............___ •• __•••_ Apr, 18, 1920 20
Sept. 16,1915 15 20116_ •••• __•• _____ ••••• _____ • _._. __• •••••do. __•• __ 15
~pt. 20,1915 455 20118;. _•••••-'-••••••••••••••••c•••••• t/:r.20,1920 90
Sept. 29,1915 130 20120. ,,_,_, _. ____ • __ •• __•• "'" _•••_ IlY 4,J920 0

•• ,. _do•••••'•• 145' 20121•••_____ ._ •••••.'__•• __•••••••••• •••••do •••••_, 0
Oct. 1,1915 45 20122.""'.""".""""""""" MIlY 8,1920 20

•• _c_do_.,- ••• ': 130 ,20123_C••.' .~_;.c_,;. •••• L ••.•.•...... MIlY 16,1920 100
OC,t. 4, 19,15 115 20124••••••__........................ •••••do. __•• __ 95

._ n_do. c•• '•• , 5 .20125. ,;.....___ •• __•••_, •••••~.n•••• 'n~;do.'. • • • i. ,5
Oct.9,l?15 5

,~~~::=:::::::::::::::::::::::::::::: Mar. 17,1920 1,000
.... ,.do•••" ... 25 •••• ido'....... 100

"':'-i-
"
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We have encountered: one or more centers of.abundancefor S. elegans on every
cruise,and on' such occasions. thanumbers actually,' present-in the water may be
very great (for so large an animal) ,asillustratedby the following examples:

Date 'station'

Approxi
mate,

number'
of S. ,

elegans
per

square
meter'

Date , Station

Approxi
mate

'number
of S.

e1egans
per

square
meter

July 19, 1916n • __ 10341,Massachusetts BaY.n
Do•• nn__ 10342,Massachusetts Bay __

July 23, 1916.....__, •• 10347, GeorgesBank •••__....

2,500 July 25, 1916_.__....n 10354,off Nantucket.. •• n 5,000
1,750 July 23, 1914 . 10224, GeorgesBank.••• 2,000
2,500 July 25,1914__• •• _ 10330; near Cape Sable_. __n 2,140

Ineyery case, however, we have found these swarms limited to areas so small
that the neighboring stations have yielded only a fraction as many Sagittse. Thus,
in July, 1913, hauls off northern Cape Cod and on the western end of Georges Bank
each yielded upwards of 1,000 large S~ elegans, but an intermediate station of about
the same temperature and salinity yielded only 28, while a month laterthe Sagitta
stock at the' first of these localities had dwindled nearly to the vanishing point
(Bigelow, 1915, P: 298). Variations in the local abundance of this species were no
less striking .on: August 15 of the same year; when we found it abundant off Cape
Elizabeth and near the Isles of Shoals but extremelyrare at a station halfway
between those two localities. Again, on July 23, 1914, we-found the waters over the
northeast edge of Georges Bank (station 10224) alive with S. elegans, though there
were very few at a neighboring station (10223) on the bank to the south or over
the deep a few miles to the north. Similarly, S. elegansswarmed a couple of days
later near Cape Sable and in the Northern Channel (stations 10229 and 10230),
but was so rare over Browns Bank (station 10228) that our tow nettings yielded
only one or two examples; and ill July, 1916, we found B. elegans in multitudes in
Massachusetts Bay on the 19th (station 10342) but much less common off Cape
Cod only a few miles away (station 10344). '

The data gathered on the spring cruises of 1913 and 1920 show that S. elegans,
like most other large planktonic animals, becomes very scarce in most parts of the
Gulf in early spring shortly after the water has cooled to its winter minimum, and
falls to its lowest numerical ebb during the vernal flowering period of the diatoms.
Thus in Massachusetts Bay in 1913 S.elegans dominated the tow in mid-February;
with a catch of about 125 cubic centimeters in the horizontal haul on the 13th (Bige
low, 1914a, P: 405) ; but it had become so scarce by 'March 4 that the total catch in
the large net, (half hour's haul) was only 12 individuals, and no Sagittre at all were
taken on April 3, when diatoms were swarming. In 1920 S. elegans persisted in some
numbers in the bay until the diatom flowerings were well advanced, vertical hauls
on April 6 and 9 (stations 20089 and 20090) still yielding Sagittre at the rates of 10
and 40 specimens, respectively, per square meter; but shortly thereafter they became
so scarce in that general region that none were taken in the vertical haul and only
occasional specimens in the horizontals on May 4 (station 20120). In this respect
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PassamaquoddyBay closely parallels MassachusettsBay,forSaggittre do not appear
at all in Doctor McMurrich's plankton -lists.for St~Andrews between the first week
in April and the first week in June. Our spring cruises in 1915 and 1920 suggest
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that the stock of 8. elegdns is ~t its lowest, ebb over the inner parts of the glilfasa
~hole at about the same, ~eason (that is, end of April and beginning of May) as it is
In Massachusetts arid Passamaquoddy Bays (fig. 87) but does not fall to so Iowan
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ebb offshore, having proved sufficientlypleritiful in April and Mayofor. .the vertical
net to pick up at least a few specimens at almost every station. ,: 'Similarly, Hunts
man and Reid (1921) record considerable numbers of Sagittre in the open Bay of
Fundy in Marchand May, though McMurrich found few or none at St. Andrews
at that season. .

We have no definite evidence of vernal impoverishment in the numerical strength
of S. elegans on Georges Bank, having, on the contrary, made rich catches there in
March, April,and May 65 as well as in midsummer.

In the Massachusetts Bay region S. elegans increases in numbers after the first
few days of May coincident with the multiplication of copepods, which is so nota
ble an event in the planktonic cycle (p. 41), and may do so rapidly. In 1920, for
example, the S. elegans population had risen to the respectable number of about
lOOper square meter at two stations in the bay and at its mouth on the 16th (sta
tions 20123 and 20124). Unfortunately we have no data on this subject for this
part of the gulf for June, but it is probable that S. elegans usually reaches its max
imum abundance there during the last half of that month, because in the very cold
summer of 1916, when the seasonal cycle lagged several weeks behind more normal
summers, vertical hauls at two stations within the bay on July 19 yielded an extra
ordinary abundance of this Sagitta-2,500 and 1,750 per square meter (stations
10341 and 10342)-numbers far in excess of its usual summer frequency there, and
which may reflect the status of this chsetognath during late June of warmer sum
mers. .This tremendous Sagitta population had dwindled, however, to perhaps not
more than 50 individuals per square meter by the 29th of the month following; 66

and this may be an annual event, for although we have takenS. elegans in every
subsurface haul which we have made in the Massachusetts Bay region in summer,
it has usually been only a minor element in the local plankton in July or August, as
reflected in catches of only 10, 50, and 15 individuals per square meter, respectively,
on August 9, 1913, August 22, 1914, and August 31, 1915.

Apparently S. elegans may be expected to increase again in numbers in the
western side of the gulf during the early autumn, because our vertical net yielded
it at the rates of 130 and 145 per square meter in Massachusetts Bay on Septem
ber 29, 1915 (stations 10320 and 10321), and of 100 and 385 per square meter at
neighboring localities on October 27 (stations 10338 and 10339). By the evidence
of horizontal hauls it was perhaps as abundant as this near the Isles of Shoals on
November 1, 1916 (station 10400), and formed about one-fifth to one-fourth of the
volume of the catch in Massachusetts Bay, off Gloucester, on December 4, 1912
(Bigelow, 1914a, p. 404). But S. elegans proved scarce throughout the northern
half of the gulf generally on the December to January cruise of the Halcyon in
1920-1921, none of the hauls yielding more than a scattering among the copepod
plankton, and atone station (10493) we missed it altogether-s-an unusual event.
Our ,data on tl;1e status of S. elegans during ,the later winter are c()nfiri.ed to the

8.l On the east~rn part of the bank S.eleqans dominated the horisontal catch on March 11, 1920'(siatlori'20006), though the
vertical haul Indicated onlyabcut 50 per square meter, .whlch Illustrates the unreliability of the latter method when dealing
with animals so large and so active. There were 490 p'er square meter at iI neighboring iocatlonon April 16 (station 20110),
and on the southwest.part of the bank 1,000 per square meter-on May 17 (station 20128).

16Judging from the scanty yield of the horizontal haul at station 1O~8. No ,verticalhaul wlI!l made.
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Massachusetts Bay region. Here we found it constituting from one-fourth to-one
half of theirather scanty-tow in January,1913, and it dominated the planktonic
community off Gloucester on: February 13.

Sagitta eZegans certainly is endemic in, tho Gulf of Maine. Huntsman and
Reid (1921, p. 104), .to whom we owe the only local record of its eggs (this for the
Bay of Fundy), found from examination of ovarian eggs that in the Bay of Fundy
the" spawning season is a long one,extendingfromthe end of March or the begin
ning of April to September at least. September 4 would seem to be near the end
of the season." Corresponding to this, they found eggs (identified by comparison
with large series of eggs. and, young Sagittre from the southern part of the Gulf of
St. Lawrence, an important breeding ground) in the Bay of Fundy plankton from
April to October, numerous or rare locally 'according to the abundance of the adult
Sagittre. Huntsman and Reid fuitherpointout that the proportional abundance of
eggs at different stages in development proves that they do not develop properly in
the Bay of Fundy until Septemberrthe warmest.month of the season; nor did they
find.the young.Sagitteein any numbers in the plankton untilthattime. However,
the young proved .to: be even more widely distributed' than their parents, occurring
not only in the' open bay but also.up the estuaries, where the adults are not .to be
found; and in general.theyounger stages were most. plentiful at locations where ..the
water was stratified vertically as to its temperature and density, and least so where
'Vertical circulation was most active.

Huntsman and .Reid concluded (and Ibeli.e'Ve justly) that the Bay of Fundy is
such an unfavorable environment for the reproduction of S. eZegans that the stock
raised therelocally is smalland.ithat.the Sagitta population is kept up by immigra
tion from the Gulf of Maine.

Sagitta. eggs have not been. detected (perhaps because not especially sought)
in Our plankton hauls in the .open gulf"nor has the probable spawning season, as
re'Vealed by the state of the ovarian eggs,yet been established except for the Bay
of Fundy, a region so peculiar in its hydrography as to be a law unto.itself. Statisti
cal study of the relative sizes of the Sagittre captured in our hauls, from which much
information about the seasons and localities of reproduction may be hoped, is like
Wise a task for the future. However, I may point out that catches of S. eZegans
lUnde prior to mid-May during the springs of 1915 and 1920 consisted chiefly of
'Very large individuals, such as might be expected toward the end of a period of growth.
In 1915 it was not-until-June 14 that Sagittre less than 10 millimeters in length were
recognized among the plankton of the gulf. In 1920, however, equally young
S.eZegans (8 millimeters long) were taken in Massachusetts Bay as early..as May 16
(station 20123), with. still smaller stages (5 to 12 millimeters, long) on the western
part of Georges Bank on the 17th (station 20128), and from June on through the
Slllrnmer, until the last of October, specimens smaller than 10 millimeters have been
detected ata: considerable proportion of our stations."

On the whole, then, it is Bafe to Bay that S. eZegansisa late spring and summer
breeder in the Gulf of:Maine, in so far' as .any considerable production isconcerned,
but probably it reproduces more or less throughout the entire year. ;Fish~s (1925)
-:-.,..,---,.---:--.,-.._~,.,.,...,.,....__,..--...-----,....-----,.-,..-o----,.---,.-:--....,,-_-:---:--,..----,...,..
-1I0ct. 31, 1916;Is'~urla:testd~~~ ro~speclmensor 10 mllllm~tekor shorter (station 10399).
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records suggest that its most active breeding season commences earlier to the west
ward of Cape Cod, for he found them with ripe:eggs at Woods Hole as early as March;
and many eggs in the plankton during the latter part of April~He:first observed
the young on May 2· and found them in abundance throughout May and June.
Thus the season of active reproduction falls later and later from southwest to north
east along the coast, as it does for many other animals.

It is likely that with sufficient search the young would be found to be as widely
distributed as the adults over the open gulf, just as is the case in the Bay of Fundy,
but definite records of them from outside the 100-meter contour are still so few (as a
rule based on few individuals and invariably greatly outnumbered by larger sizes)
that the importance of coastwise and shoal banks waters as the breeding ground of
this species appears very clearly on the chart (fig. 88). Georges Bank in particular
serves as a nursery for Sagittre, witness the notable concentration of young Sagittre,
accompanied by a few larger (15 to 20 millimeters) specimens, over its western end on
May 17, 1920 (station 20128). Specimens ranging in size from 4 millimeters up
wards abounded over a considerable area a~ about the same general locality in mid
July, 1916 (stations 10347, 10348,and 10354). Slightly older specimens, 5 to 15
millimeters long, were also plentiful a few miles farther east on the 20th of the same
month in 1914 (about 430 per square meter at station 10216) and occurred sparingly
among the hosts of adults on the eastern part of the bank three days later (station
10224). Other notable catches of young S. elegans were made near Cape Sable
among, a swarm of adults on July 25, 1914 (station 10230); and off Shelburne, Nova
Scotia, June 23, 1915 (about 200 small ones of 6tolO,millimeters in a total of about
600 Sagittal of all sizes per square meter at station: 10291). I may also mention
the presence of young S. elegans in Casco Bay in July, 1912, as an example of its
propagation close in to the land. Probably it is simply because the adultsare more
abundant, not because physical conditions are more favorable to reproduction, that
mote young Sij,gittre i are produced within the lOO-meter .contour than over deeper
water. At any rate we can regard it as established thatS. eleqam« is not only endemic
in the Gulf -of Maine but breeds there in sufficient numbers to maintain the abundant
stock by local production; quite apart from any additions this may receive by im
migration from other rich centers of reproduction.

.The general relationship oiS; elegans to temperature and salinity, and its bathy
metric status, is well established by Huntsman's (1919) exhaustive analysis, which
our Gulf of Maine data generally confirm. i;Broadly speaking, it-is a.creatureof low
temperatures and comparatively low salinities, and wherever its range spreads out
from thecoaatal-bankscver parts :of the oceanic basin high salinities: act as a barrier
to its downward migrations.' His nobIikely, however, that this applies to any
part of the Gulf of Maine, unless it be to the deepest stratum of water in the extreme
southeastern corner; On the other handy-judging from the occurrence of S. elegans
in the Baltic, no part of the gulf, not even the larger estuaries, is too fresh for some
local variety of .it to survive. Consequently, its local presence or absence in the
Gulf. and its concentration at one '01' other level there cannot be ascribed to the
precise salinity of the water, but its bathymetric distribution' as it varies from
season to season ~s just what mightbe expected of a~y planktonicanimal preferring
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low temperature and, tending to shun-strong-Iight..r-ThuaIn late Februaryund
March of 1920, while the water was still near its annual minimum in temperature,
with the surface nowhere warmer than 3,6° in the inner parts of the gulfor4° to

c.. ·,······ ......<, .
'\ ...,,(:r"............

+

\J~?
,
\
·i

C<: .•
(. ../ .., :..; .

•

+

\.j' ';

'J :',< (

... , ,,~ .

.•.....

+

88'

o

,,(}/';;""''f;'-
,~..,
\)

+

89'

++.

70'11'

•
•........... ,.' .

............

/ , •••" , , ••••••., , ,.... • "C•••; .

...A ;/',·

40 +
, I' + + + 40'

11' 70' 6S' 67' •

FIG.88.-Looslity reeordsIor young 8llqlUaelega1l8loss than 10 millimeters long,JUlie to October, 1912 to 191~n'
5° over the seawar4slope 0rGeoi'ges Bank, and with .the vertioalhtnge ?f tempera
ture less than:4° 'at'Ihost of the' stations, we found large 8, elegans indifferently at 'all
the depths at which we towed and almost as regularly at the surface as at any other
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level," but the numbers caught at ,the surface were usually small compared to the
deep hauls. The two stations at which moderately rich surface- catches were made
were both occupied after dark; at one of them (20049) there were nearly as many
S. elegans on the surface as in the 240-0 meter haul, while at the .other (20066)
swarms of this cheetognath dominated the water at the time, but the deep haul cap
tured upwards of a liter of them and the surface net but about half as many. On
the whole, these stations suggest that the sagitta population was sparser above than
below, say, 1'0 meters depth in March, but below that depth they afford no evidence
of concentration at any level down to the deepest stratum of the gulf.

S. elegans occurred as regularly at the surface in April, 1920 (18 stations out of
a possible 22), as in March; usually, however, in small numbers, except that the
notable swarm which we had encountered on the eastern part of Georges Bank the
month before, just mentioned (station 20066), still dominated the water there on
April 16, nt the surface as well as at 50 meters depth. S. elegans was also taken on
the surface, though in small numbers, at all our stations in the western side of the
gulf during the first half of May in 1920, by which time the surface temperature
had risen to 6° to 9.7°. In summer, however, we have usually found few or no S.
elegans at the surface, even at localities where it has been plentiful at some lower
level, and the zone between 40 and 100 meters has generally proved the most pro
ductive of the large adult S. elegans, though they have been taken in sufficient num
bel'S in the deeper hauls to establish their presence, though in diminishing number,
right down to the bottom of the deep basins. Perhaps the most instructive example
of this vertical stratification which has come to our notice was in the Massachusetts
Bay region on July 19, 1916, when there were few or no S. elegans at the surface
and relatively few (compared to the copepods) at 30 to 40 meters, but swarms
at 80 to 90 meters. Similarly, the surface haul took no Sagittre and the 30-meter
haul but few off Cape Cod on July 8, 1913, although the net from 60 meters brought
back an abundance of them (Bigelow, 1915, p. 267). In the eastern corner of the
basin of the gulf, off the mouth of the Bay of Fundy (station 10246), on August 12,
1914, only one S. elegans was taken on the surface, many in the 50-0-meter haul,
and few at 150-0 meters. No S. elegans were taken on the surface on July 23, 1914
(station 10224), on the eastern part of Georges Bank, where it was plentiful at 40
meters, and other instances of this same sort might be mentioned.

Although our surface tows usually have yielded no S. elegans or only a scattering
of them in summer, we have occasionally taken it in abundance right on the sur
face in July and August. This, for instance, was the case near Mount Desert Rock
on August 16, 1912 (station 10032), south of Nantucket Shoals, July 9, 1913
(station 10060), and in the Northern Channel, July 25, 1914 (station 10229), while
Huntsman (1919, p. 464) records it at the surface at one station in the Bay of
Fundy in mid-September.

The large-sized individuals of S. eleganswere relatively as scarce at the surface
in the western half of the gulf at the end of October and during the first days of
Novemberin 1916,70 when the surface tempex:aturehad fallen to 8.3° tolO.2°, as they

,. S. eleDam taken In 20surface tows out of a possible 27.
70Nolarge ones takonIn thesurface hauls, stations10399 to 10404.
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are in summer, though moderately plentiful at deeper levels in temperatures of 4 to
7°; but the small sizes were taken in all the surface hauls on that cruise, once in
some numbers (station 10399). With the continued cooling of the water the adults
must spread through the superficial stratum of water at some time during the late
autumn and winter to attain the distribution just described for March (p. 317), but
the horizontal hauls at our winter stations have not been adapted to show just when
this takes place.

The data just outlined for the Gulf of Maine are directly in line with Hunts
man's (1919, p. 465) observations based on the collections made by the Canadian
fisheries expedition, that off Nova Scotia the large S. elegan8 rise to the surface by
night during May and June while the surface temperature is still low, sinking again
during the hours of bright daylight, .but are virtually absent from the surface during
July and August, night as well as day.

The primary cause for this seasonal variation in the vertical distribution of
S. eleqasie is to be found in the temperature of the water, which, being uniformly
low during the early spring, then imposes no barrier to upward dispersal; but when
the vernal warming of the surface has proceeded to a certain degree, which may
tentatively be set at 10 to 12°, most of the Sagittre remain below the warm super
ficial layer. The diurnal migration described by Huntsman (1919), together with
the fact that when S. eleqasie rises to the surface in the Gulf of Maine in July or
August this usually takes place at night, makes it probable that bright light as well
as high temperature to some extent limits its dispersal upwards. But, judging from
its vertical distribution in March and April, when it is at the surface day and night
indifferently, this is not the case until the sun attains a comparatively high declina
tion, the inference being that while S. eleqams is negatively tropic to light of more
than a certain intensity, its movements are little influenced by a paler illumination.
This warrants the following working hypothesis. In winter and early spring all levels
in the Gulf are sufficiently cool for S. eleqasi«, and the illumination by the sun is not
so bright but what a certain number may regularly be found at the surface by day
as well as by night; but in late spring and early summer it is daily driven downward
for some meters by the sun, and by July and August the high temperature renders
the uppermost stratum of water unsuitable for its permanent presence, an unfavor
able condition from which it can and does escape by sinking. Occasionally it rises
to the surface in summer, irrespective of temperature or of illumination. We found
an abundance of medium-sized specimens south of Nantucket Shoals, July 9,
1913 (station 10060), at 6 p. m., in a surface temperature of 16.1°, but it is not
likely that such upward incursions endure for more than a brief period, perhaps only
for a few hours.

Huntsman and Reid (1921) have pointed out for the Bay of Fundy (and our
, oWn observations corroborate them) that the young S. elegant'! tend to congregate

nearer to the surface than the adults.
In the deeper strata of the gulf, below 20 meters or so, where the physical state

of the water is apparently favorable for the existence of S. eleqan«, the local, varia
tions in its abundance at different depths may be governed by quite a different

75898-26--21
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factor-that is, the supply of available food-for this chretognath is both extremely
voracious and an active swimmer and hence would tend to gather at the levels,
and probably to some extent to congregate in the regions where the copepods on
which it chiefly preys are most abundant. Furthermore, it would naturally grow
fastest and breed most actively where food was most plentiful, tending to produce
and maintain an abundant local stock.

It seems more probable that it is the dependence of S. eleqans on the calanoid
copepod plankton which, as remarked above (p. 30), is most plentiful in the mid
levels, which accounts for the comparatively sparse sagitta population of the deepest
levels in the Gulf of Maine and not the comparatively high salinity at these depths,
for it thrives in still higher salinities in the North Sea region (Apstein, 1910).

Temperature not only governs the distribution of S. eleqam» but also the size
to which it grows, a fact that has long been recognized. Indeed, three varieties or
subspecies of this species, one of them a large northern ("arctica"), another a smaller
boreal-temperate (" eleqoms"), have been recognized by von Ritter-Zahony (1911);
but Huntsman (1919) points out that these are not distinct, being connected by inter
mediates. In fact, the Gulf of Maine collections suggest that the difference in size
between them probably is not hereditary at all, but the result of a direct physiological
influence of the environment on the individual, for the adults average decidedly
larger (up to 35 millimeters long) in March and April, when the temperature is near
its lowest for the year, than in summer. This is not the maximum size for the Gulf
of Maine, however, Huntsman (1919, p. 446) having recorded specimens of this
length with ovaries still immature, and he describes S. eleqan« up to 52 millimeters
long from the still colder waters of parts of the Gulf of St. Lawrence. He has also
pointed out that it matures sexually at a smaller size in high temperatures than in
low, as is the case with sundry other boreal planktonic animals-for example
Aglantha digitale.71

Sagitta serratodentata Krohn ,
The fact that S. eerraiodeniaia is an annual immigrant to the Gulf of Maine and

not endemic there has been brought out in an earlier chapter (p. 58), and its tropical
origin and lines of dispersal have been discussed. It is safe to say there are no S.
serratodentata in the inner parts of the gulf in late winter or early spring, the visitors
of the previous summer all having perished, because our February and April
cruises of 1920 did not yield it anywhere within the continental edge" except for a
single specimen in the southeastern part of the basin on March 11 (station 20064).
It is probably to be found in the warmer water along the slope abreast of the gulf,
however, throughout the year, for odd specimens were detected at our outer stations
off the southwest face of Georges Bank on February 22 (station 20044), and off Cape
Sable on March 19 (station 20077).

In the year 1915 S. serratodentata had penetrated the eastern side of the gulf as
far as the neighborhood of Lurcher Shoal and the northeastern part of the basin by
May 10 (stations 10272 and 10273; Bigelow, 1917, p. 296), and by the last of that
month and first days of June the Canadian fisheries expedition found it at two

II For a discussion 01 other dltrerences between the races of S. degan, living in high temperatures and In low see Huntsman
(1919).
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stations on the outer part of the shelf off Halifax and generally distributed over
the deep oceanic triangle into which the Laurentian Channel debouches, but not
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n.earer shore in Scotian waters (Huntsman, 1919, p. 442, fig. 5), DuringIJune of
that year S. serratodentata spread generally over the eastern side of the gulf with
locality records on Browns Bank, in the Fundy Deep, in the Grand Menan Channel,
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oft Mount Desert Island, and in the eastern basin, as well as on the outer edge of
the continental shelf and over the slope off Shelburne, Nova Scotia (stations 10281,
10282, 10286, 10294, 10295, and 10296). By the 1st of August it may be expected any
where over the southern and eastern parts of Georges Bank, in the eastern channel,
on Browns Bank, in the eastern side of the gulf generally, and as far westward along
the coast as outlined on the accompanying chart 72 (fig. 89). As the summer ad
vances S. serratodentata continues to spread westward, until by August we have
found it very generally distributed over all parts of the gulf where we have towed
during that month, right across from Massachusetts to the Nova Scotian Bank,
though still with a decided preponderance of locality records for the eastern side
(p., 58), reminiscent of the fact that it enters the gulf chiefly between the eastern
part of Georges Bank and Cape Sable, perhaps not in the western side at all. The
Canadian fisheries expedition likewise found it plentiful on the banks off southern
Nova Scotia late in July; also at most of the stations along and outside the con
tinental edge and in the trough of the Laurentian Channel, marking a considerable
expansion in its range in this general region since May, but not at all on the banks
off Cape Breton or on the Newfoundland Banks.

Judging from captures in 1915, it continues ,as widespread in the gulf during
September and probably throughout October, also, when we found it at localities as
widely separated as off Machias, Me., off Mount Desert Island, Massachusetts Bay
(two stations), and the continental edge off Marthas Vineyard.

S. serratodentata reaches its maximum expansion and greatest abundance in the
gulf during the late summer and early autumn, the precise date no doubt varying
from year to year. Later in the autumn it disappears. In some years it seems
that this happens as early as the first week in November, for we did not find it at
any of the stations in the western side of the gulf from October 31 to November 8
in 1916 (stations 10399 to 10404); but in 1912 there were a few in Massachusetts Bay
on November 20 (station 10047; Bigelow 1914a, p. 403). Although S. serratodentata
was not detected anywhere in the inner part of the gulf during the December to
January, 1920-1921, cruise of the Halcyon, the fact that odd specimens were towed
off Gloucester on December 14, 1912 (station 10048), and January 16,1913 (station
10050), and none on December 23 (station 10049) suggests that a scattering may
continue to exist in Massachusetts Bay for a month or two after they have vanished
from other parts of the gulf.

No attempt has been made to estimate the numerical strength of S. serroio
dentata in the gulf, but, as I have previously remarked (Bigelow, 1917, p. 297),
we have always found it subordinate to S. elegans early in the season-that is, until
August-and in the western part of the gulf at all seasons. In fact, most of the
Gulf of Maine records from west of Penobscot Bay and north of the continental
edge have-been for odd individuals or at most for a few dozens per haul; but during
August and September we have found it predominant over S. elegans at the several
stations in the eastern side of the gulf marked on the chart (fig. 89), and once swarm
mg .(station 10032, August 1'6, 1912). In July and August, 1914, "Sagitta serrato-

"

'. 71 For station recorde lor 1912 to 1915, on which thJs statement Is based, see Bigelow,1914, p. 121; 1914a, p. 403; lQ15, p. 297;and
11l17,p; 294.' .
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dentatawas much the more numerous of the two in the deep hauls in the eastern and
southeastern parts of the gulf (stations 10225, 10245, 10246, 10249), in the eastern
channel (station 10227)" (Bigelow, 1917, p. 295), and on the southern edge of
Georges Bank.

Along the continental edge abreast of the gulf, S. serratodentata has usually pre
dominated over S. elegans at most of our stations irrespective of the season of the
year, or at least equaled the latter in numbers (stations 10218, 10219, 10220, 10233,
10260, 10261, 10295, 10349, 10351, 20044, 20077, and 20129).

From New York southward S. serratodentata is the prevalent chretognathright
in to the shore during warm summers such as that of 1913 (Bigelow, 1915), but in
cooler years, such as 1916, S. elegans is the dominant member of the pair over the
inner part of the shelf as far south as Delaware Bay and perhaps still farther, but
with S. serratodentata outnumbering it farther offshore and along the continental
edge generally, as I have pointed out in a previous report (Bigelow, 1922, p. 152).

The strong probability that S. serraiodenuua is not able to reproduce success';'
fully in boreal water, though it not only grows to a larger size there than in higher
temperatures but attains sexual maturity, as evidenced by the large size of the repro
ductive organs (Huntsman, 1919, p. 482), lends interest to the wide range of -tem
perature in which it occurs both in the Gulf of Maine and off southern Nova Scotia.
In the gulf its presence is definitely established in water as cold as 3.9° (station
10272, May 10, 1915) and 4.4° to 7.5° (stations 10281, 10282,and 10286,June 4, 10,
and 14,1915), and the Canadian fisheries expedition likewise had itin4° to 5°; but
most of the Gulf of Maine records (also the Canadian) have certainlybeen from
temperatures upwards of 7° to 8°, though there is no positive evidence of its presence
in the gulf in water warmer than 13.9° (station 10032, August 16, 1912; Bigelow,
1914, p. 122), most of the captures having been in subsurface hauls, or if at the surface
in regions of low surface temperature (stations 10030, 10229, and 10247).. However
the occurrence of S. serratodentata elsewhere forbids the assumption that high tem
peratures are per se unfavorable to it, for it has been taken in great abundance off
the continental edge in Gulf Stream temperatures (station 10070, surface 23.33°;
a few at stations 10071, 10073, and 10074 in temperatures of 24.44° and 23.9°), as
well as off southern Nova Scotia in 19.7° (Huntsman, 1919, Acadia station 44,
surface).

Uncertainty as to the depth of the captures makes it impossible to establish
the precise salinity for the Gulf of Maine records of S. serratodentata except in the
~~~~: ..

SalInity. per mille
Station 10025, closing net, 30 fathoIDS __n n n n_

n u
·_ 82.9

Station 10027, closing net, 30 fathoIDS 33.3
. Station 10030, surface

n n
32. 7

Station 10032, surface n __ u 32. 5
Station 10229, surface - - - - - -- - - n - - - -- - - _ - 32. 01
Station 10247, surface - - - u u - - - - - u n 32. 52

It is not likely that it would be altogether barred from the surface by salinities
considerably lower than this, for Huntsman (1919) found it repeatedly in eastern
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Sagitta maxima Conant

In a previous chapter (p. 64) I have discussed the geographical distribution of
this species and of the next within the gulf from the standpoint of their routes of
entrance and dispersal. What demands chief emphasis here is that both S. maxima
and S.lyra are distinctly seasonal in the inner parts of the gulf, like S. serratodetuaia
During all our cruises we have found only a single specimen of S. maxima within the
offshore banks during the summer or early autumn months (eastern basin, September
2, 1915, station 10310), our failure to find it there in July and August, 1914, being
specially significant because it occurred then off the seaward slope of Georges Bank
(station 10220). Neither have we any early winter records for it in the gulf; this,
however, may be an accident, for we have tried only two tows in the deep trough in
December or January, which may simply have missed the S. maxima. However,
this large chretognath was detected at 12 stations within the gulf as well as over the
deeper parts of the continental shelf off southern Nova Scotia during March, April,

Canadian waters on the surface in 31 to 32 per mille when a few fathoms sinking
would have carried it into much more saline water.

From the data just outlined it would appear that the whole column of water in
the offshore parts of the Gulf of Maine offers an environment favorable for the exist
ence if not for the reproduction of S. serratodentata during the season (July to Sep
tember) when it is most widespread there. but probably it could not long survive
water much less saline than about 31 per mille or colder than 6° to go, and Huntsman
(1919) has suggested that low salinity may be the factor that bars it from the Gulf
of St. Lawrence.

Neither temperature nor salinity offers an explanation for the disappearance
of S. serratodentata from the gulf in autumn, for the water is considerably warmer
in November than when it first enters the gulf in spring, and the salinity is not very
different from that of late summer. Neither does its immigration into the gulf in
spring parallel the vernal warming of the water, but is not at its height until long after
the gulf. is warm enough for its support. It is therefore likely that the increase in its
numbers with the summer chiefly mirrors an accumulation of the stock within the gulf,
where it finds good feeding ground and conditions favorable for growth and prolonged
existence. Apparently no more enter after early autumn, a phenomenon probably
connected with the seasonal reproductive cycle of the species, and as the visitors of
summer die off during the autumn from one cause or another or are devoured by
other animals without leaving progeny to take their places, S. serratodentata disap
pears from the gulf, not to reappear there until with the earliest immigration of the
succeeding spring.

Our data do not allow a statement as to the vertical distribution of S. serratodentata
in the Gulf of Maine more definite than that it has seldom been detected there at the
surface, though most often in hauls from shoaler than 100 meters. If it is actually
as uncommon right at the top of the water in the gulf as now appears to be the case,
the food supply may be as effective a factor as any of the physical features of its
surroundings in holding so rapacious an animal at lower levels. '

There is no evidence that this chretognath ever succeeds in reproducing itself in
the gulf.
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and early May of 1920, and at all four of the stations on the continental slope. The
localities for the gulf proper (fig. 90) are all from the deepest trough, as is the one
autumn record for the eastern basin just mentioned, and most of the captures have
been in hauls from considerable depths. as follows:

Depth In Number Depth In Number
Station of specl- Station of speel-meters mens meters mens

---
~::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~ {

250-0 1 20081-..........___ ••_••_..... _........ ___ • 4lHl 1
75lHl 13 l!OO86•• _. __ •_•• ___ •__............______ ._._ 15lHl 2
180-140 1 20087................ __ ........ __.......... 200-0 2

20066••.•__n .................. _ "n'" n •• eo-o 1 20107......................... _._......... , 14lHl 2
20069..................__""""""'" ••• I, ()()(H) 9

:~:~~~:::~ ~~.:~:~~::::: :::~:: ~~ ~.:.; {
100-0 1

20074..... __ .................. __ . "" •.•••• 125-0 5 200-0 3
20076••••••••••• ___..""""n............ 200-0 15 13lHl 2

~~~:::::::::::::::::::::::::::::::::::::: 800-0 20 20015........, .• _.......................... 20lHl 3
18lHl 1 201211............................. _•• _..... 100-0 2

The single September specimen was from a tow at 130-0 meters, while the June
specimens off southern Nova Scotia (station 10295) were from 500-0 meters. The
reader will note that there are only two records (a total of two specimens) from tows
shoaler than 100 meters, one of which was taken over much deeper water and may
have been brought up from its normal habitat by some local upwelling; the other was
on Georges Bank.

Associated with the considerable depth of the records, we have usually found
S. maxima in water of the relatively high salinity of 33.5 to 34 per mille, or more,
though on the rare occasions when it is swirled up toward the surface it may stray
into less saline strata of water (32.36 per mille at station 20081; 32.6 per mille on
Georges Bank). Its general distribution farther north, and especially its failure to
colonize the Gulf of St. Lawrence (Huntsman, 1919), suggests that it is unable to
survive in water of low salinity, irrespective of temperature.

S. maxima is at home only in comparatively low temperatures. We have never
found it in temperatures warmer than about 6.5° within the gulf, but, on the other
hand, it usually lies below the coldest level in waters of 3.5 to 5°, the only records from
temperatures lower than 3° being its sporadic appearances in the upper levels. in about
1.630 at station 20081 and about 2.6 0 at station 20066.. The captures of S. maxima
along the continental slope have been in temperatures of 3 to 60 and salinities of
34 to 34.9 per mille. It occurred under about these same conditions over the con
tinental shelf abreast of Shelburne in March, 1920 (stations 20074 and 20076).
Occasionally, however (whether or not as a result of upwelling is not clear), we have
taken it in decidedly warmer water at our outermost stations; for example, in 7 to 8°
temperature at station 20129 and one specimen in 90 or warmer at station 20044.

In north European seas S. maxima is equally characteristic of cold but highly
saline water layers (Apstein, 1911), and probably it is this rather precise relationship
to the physical state of the water which bars it from the Gulf of Maine in summer but
allows it access there in winter; for while the trough of the gulf is sufficiently salt for
it throughout the year and cold enough-say, 5° to 6° below 100 meters-in winter and
early spring, the bottom water may well be too warm for it in some summers if not in
all. At such times any maxima that drift inward through the eastern channel
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probably perish shortly, whereas during the cold months they survive long enough to
spread generally along the trough of the gulf. There is no reason to suppose that
S. maxima ever breeds successfully in the Gulf of Maine.
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FIO.90.-0ccurrence 01the glass worms Sagitta lura and S. ma:dma. •• locality records lor 8, lyra; X. locality records
lor S. mazlma. Contours tor 100and 200meters.

Sagitta maxima is as cosmopolitan on the high seas as Eukrohnia (von Ritter
Zahony, 1911) but reaches its maximum abundance at a rather deeper level. Only in
high latitudes does it normally rise near the surface, then usually in the persons of
young specimens, and it is on such that most of our Gulf of Maine records are based.
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Inasmuch as the planktonic communities of the deeper levels of the Atlantic
never penetrate the gulf in toto ( p. 67), it can hardly be questioned that such examples
of 8. maxima as appear there come via the northeastern route in the band of cold
mixed water along the edge of the continent, not from the much greater depths which
they inhabit off the slope. Very likely the chief source of supply for this species in
the Gulf of Maine is the deep oceanic triangle between the Nova Scotian and New
foundland Banks, where the Canadian fisheries expedition found S. maxima in great
abundance in a haul from 200 meters on the 1st of June, 1915 (Huntsman, 1919,
p. 429). In short, it is as a distinctively northern visitor and as such alone that
S. maxima reaches the Gulf of Maine, but our experience so far has been that but few
individuals find their way in through the eastern channel, which is the only line of
ingress sufficiently deep to be normally open to it.

S. maxima is an extraordinarily voracious animal and as such must occupy an
important position in the natural economy of the plankton of the deepest waters of
the gulf if it ever enters the latter in any abundance. .

Sagitta lyra Krohn,

This chretognath is as distinctly a summer visitor as is its larger relative,
S. maxima, a winter one to the inner parts of the Gulf of Maine, where it has been
detected on six occasions in three distinct years-all in July and August. These
records are as strictly confined to the deep trough as are those of S. maxima (p, 325),
and whether within or without the gulf the depths of capture are about the same as
for that species.

-
Station Depth Specl· Station Depth Bpeel-

In meters mens In meters mens

------
~~i~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~:..~

100-0 2 10227.•.....•.•.•...........••............. 1BlHl 1
155-0 2 10246.•••••••...••.•••. '" •••••••..••••.••• ·150-0 2
225-0 2 10254..•........••....••.•..........••..... 22lHl 1

-
S. lyra occurs side by side with S. maxima over the continental slope in late winter

and early spring as well as in summer.
:::::

Depth in Bpeci-
Station Date mens ofmeters S. lyre

- ._-----,----_.---------" ---

~l~~.~ ~ ~~~~~~~ ~ ~ ~ ~ ~ ~~ ~ ~~~~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~:.~~~:.:.:.:.:.:~~~~~~~~~~~~~~~~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~
May 17, 1920 50-0 2
June 24.1915 750-0 10
July 22, 1914 400-0 5
July 10, 1913 73.0 1-- •.

Being a summer visitor to the gulf, S. lyra occurs there in rather higher tem
peratures than does S. maxima. About 60 is the lowest in which our records estab
lish its presence, and the upper temperature limit for the captures so far made
within the gulf is at least as warm as 8.17 0 (station 10031). Our records for it over
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the continental slope have been in temperatures ranging from about 6 to 10.80

(station 10061).7s
The salinities have been even higher for S. lyra than for S. maxima, ranging

from 34.3 per mille to about 35 per mille within the gulf and about the same along
the slope outside. Thus, on the whole, our observations corroborate Huntsman's
(1919, p. 432) conclusion that S. lyra is associated with rather higher temperatures
than is S. maxima, though equally cosmopolitan in the mid-depths of the high seas.

Sagitta hexaptera D'Orbigny

The claim of S. hezaptera to mention here rests on a single specimen, since lost,
taken near Lurcher Shoal on August 12, 1914, in a tow from 100 meters (Bigelow,
1917, p. 297). Outside the gulf it is a regular inhabitant of the intermediate strata
of the oceanic 'basin, occurring at all the outermost Canadian stations (Huntsman,
1919, p. 423) and at one of our own (station 20044). We likewise found it over
the slope abreast of Delaware and Chesapeake Bays in July, 1913 (Bigelow, 1915,
p. 297). Huntsman (1919, p. 424) has described its faunistic status, saying that it
belongs to the Gulf Stream coming up from the south off the northeastern American
coast, not to the cold boreal water coming down from the north. In the former
it is characteristic of the intermediate depths from 100 to 200 meters, and it occurs
so regularly 50 to 60 miles out beyond the continental edge that careful watch
should be kept for it within the Gulf of Maine as an indicator of tropical water.

Eukrohnia hamata M6bius

The general status of this glass worm has been discussed in an earlier chapter
(p. 63) as an immigrant in the Gulf of Maine. Only a few notes need be added
here on the actual record of its local occurrences. Eukrohnia being, beyond ques
tion, a creature of the deeper strata of water in these latitudes, the precise depths
of the captures are of interest. So far as I can learn it has only once been found
on the surface within the limits of the gulf-viz, a single specimen recorded by
Huntsman (1919, p. 476) from Friar Roads in the Bay of Fundy. No doubt, as
he suggests, vertical currents were responsible for bringing this lone Eukrohnia up
to the surface there from its normal habitat deeper down, the local tides being
" of such magnitude that the water forms whirlpools and the boiling up of the deep
water to the surface can be seen constantly." At this locality three Eukrohnia were
also taken at 20 meters on the same occasion. For the open gulf our shoalest
records for it are from 40 meters (stations 10095 on German Bank, 10099 close to
Mount Desert Island, and 10102 off Penobscot Bay, one or two examples at each,
all in August, 1913, and several taken near the eastern Maine coast on March 22,
1920, station 20080), 50 meters (one specimen, station 10497, neal' Mount Desert
Rock, January 1,1921, and odd specimens from Browns Bank, June 24,1915, station
10296), and 60 meters' (off Cape Elizabeth, December 30, 1920, station 10494;
near Lurcher Shoal; and over the deep trough to the northeast on August 12 and
13, 1913, at stations 10096 andl0097).

71At station 10295 the specimens may have come (rom water as cold as 4,90
, but equally (rom the warmer strata penetrated

by the net on Its Journey down and up,
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That Eukrohnia should so seldom have been captured in the many tows that
have been made between the surface and 60 meters in different years and seasons
and in various parts of the gulf is sufficient evidence that it is only an accidental
visitor to the upper strata of water there; so much so, indeed, that we have learned
not to expect it shoaler than 75 meters except on rare occasions.
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FIG. 91.-Numbers of specimens of Eukrohnla hamata taken in hauls from dlfierent depths at selected stations. In the
case ofeloslng-net hauls the depth zone Is bracketed

Its scarcity at 60 to 100 meters, contrasted with its comparative abundance in
deeper water, illustrated by the accompanying diagram of the catches of Eukrohnia
at representative stations where two deep horizontal tows were made at different
levels (fig. 91) points to the 100-meter level or thereabouts as about the upper limit
to its common and regular occurrence. Below 100 meters, however, it has been de-



330 BULLETIN OF THE BUREAU OF FISHERIES

tected in something like 50 per cent of our horizontal tows,7' irrespective of season or
general situation in the gulf, The average depth of the trough of the gulf being
about 250 meters, it follows that the bulk of its Eukrohnia population is confined to a

40

/> . .
i··'···....·.. ....................................... . / .

.......................

-l-
•

.>"?",

71' 711' 89' 88' 87' 88'

FIG.92.-0ccurrence of Eukrohnla hamata In tbo Gulfof Ms.lne. X, 10caIity records, June to September; 0, December
to January; •• February to May, Oontour for 100and 200meters

stratum hardly more than 150 meters in thickness; but whether it is usually con
centrated in the deepest water within this stratum is still to be learned, for up to the

II Eukrohnla usually occurs in numbers so small that its presence or absence In vertical tows is not significant, with nets all
Email as we have emnlozed for that pur.oose. Contours for 100 and 200meters.
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present time we have made only 9 horizontal tows at depths of 200 meters or more
within the gulf, in six of which Eukrohnia occurred.

It follows from the bathymetric status of Eukrohnia, as just outlined that this
worm is practically confined to the offshore parts of the gulf (fig. 92), occurring only
very rarely between the 100-metercontour and the coast; and while it may be ex
pected anywhere in tows of appropriate depth, the actual localities of capture have
been concentrated along the eastern, northern, and western margins of the deep

~---I••

hI----:;;~~~.-~~-----------t_-----------+.o

ro ~

FIG. 03.-General distribution of the glass worm EukrohniahamataolI the coasts of the northeastern United States and of
eastern Canada. A half hour'S tow with a net 1 meter in diameter, at the appropriate depth, may be expected to yield
up to 20 specimens in the lightly hatched areas, and more than 20in the heavily hatched area. The chart east of
longitude (130 Is based on the published records of the Canadian fisheries expedition (Huntsman, 1019)

basin, a reflection of its immigrant origin and of the anticlockwise eddy current with
which it drifts once It is within the gulf. It has usually proved far more numerous
along the eastern side of the basin from the Eastern Channel right up to the entrance
of the Bay of Fundy on the one side of the gulf, and in the northern half of the
western trough on the other, than in the intervening deep waters. In these two rich
areas half an hour's tow with a meter net at any level deeper than 100meters will
usually yield at least 20 Eukrohnia if it occurs at all (fig.93) ; elsewhere it is usually
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represented in the tow by occasional examples only, even though the water be well
over 100 meters deep. Its apparent rarity in the southeastern deep of the gulf-I
say apparent because we have made few tows there-s-is interesting in connection
with the probable route which it follows in its journeyings (p. 64). Eukrohnia
occasionally reaches the trough between the Isles of Shoals and Jeffreys Ledge,
where we have found it at one station (20093, April 9, 1920); but apparently it
never finds its way into the sink at the mouth of Massachusetts Bay, or at least so
rarely that we have never taken it there, though we have towed repeatedly at
various seasons of the year 75.

The largest catch of Eukrohnia actually counted so far from anyone of our tow
net hauls has been 63 specimens (station 10093, haul from 85-0 fathoms, August 12,
1913). Possibly other hauls may have yielded more, but, if so, very rarely. We
have no reason to suppose that it ever occurs anywhere in the gulf in numbers to
compare with S. elegans or even with S. serratodentata.

A catch of 20 to 50 individuals in half an hour's towing (which may be stated as
a fair average of the more prolific horizontal hauls, whether made with the I-meter
open net or with the slightly smaller closing net) means a very sparse population,
indeed, when translated into terms of actual density of aggregation in the water
say one Eukrohnia to every 30 to 70 cubic meters of sea water. To make this more
graphic let us say not more than one Eukrohnia in a space the size of an ordinary
room.

There is no direct evidence that Eukrohnia breedswitbin the gulf at any time
of year, sexually mature specimens never having been found there. Hence the local
stock is maintained chiefly if not entirely by immigration from centers of production
elsewhere, but a few large Eukrohnia (up to about 45 millimeters in length) with
well-developed ovaries were taken among the more numerous immature specimens
in the deep haul over the slope abreast of Cape Sable on March 19, 1920 (station
20077).

Eukrobnia is never absent from the gulf at any time of year, but ourrecords,
if they can be taken at face value, point to the late spring and early summer as a
period of decided scarcity, for only one specimen was taken at our May stations in
1920 (station 20125), and none at all during Mayor June in 1915.

The stock of Eukrohnia present in the Gulf of Maine fluctuates unmistakably
and widely from year to year. The summer of 1913, when it occurred in all but one
of the horizontal hauls deeper than 100 meters and at a total of 10 stations in July
and August, was the best summer for it in our experience, while the summers of 1912 76

and 1915 stand at the other extreme. In March and April, 1920, Eukrohnia was
detected in 60 per cent of all the horizontal hauls deeper than 100 meters, and at
21 stations scattered far and wide over the gulf; likewise in the deep water along
the continental slope.

II For records of Eukrohnla, 1912 to 1916, see Bigelow, 1914, p, 123; 1916,p. 294; 1917, p. 298;and 1922pp. 138 and 166. During
the spring of 1920It was recognized at stations 20044,20063,200M, 20067 ..20064 ,20068 ,20069 ,20074 ,20076.20077,20079,20080,20081
20086,20087,20088,2009320007, 20008,20107,20112,20113,20114,20116,and 20126,and during the winter of 1920-1921 at stations 10490,
10494,10496,10497,and 10499.

,. Found only once In 1912(Bigelow, 1914,p. 123), three times within the gulf, In July and Augnst, 1916,once on Browns Bank
and once over the continental slope ahreast of Shelburne, Nova Scotia (Bigelow, 1917, p, 298).
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Thanks to the confinement of Eukrohnia to considerable depths, where seasonal
variations in the physical state of the water are slight, it is easy to establish the
temperatures and salinities in which it most often occurs in the gulf, the former
ranging from 1.3° to upward of 9°, the latter upward of 32.16 per mille, with most
of the Eukrohnia living in water more saline than 32.5 per mille. Assuming
Eukrohnia to occur close to the bottom, the maximum salinity in the gulf would be
about 34.8 per mille.

Our largest summer catches of this worm have been made in water of about
6 to 8° temperature and of 33 to 34 per mille salinity, with an extreme range from
about 5.9° to about 9.3° temperature and from about 32.6 per mille to about 35
per mille salinity. In spring we have taken it in 1.3 to 6.7°. The seasonal data
thus show that Eukrohnia can survive in the gulf through a considerable range
of temperature, from the coldest up to 9° or so, or even slightly warmer, and in
water varying in salinity from slightly more than 32 to 35 per mille; that is, in all
but the warmest and least saline locations. This is interesting, for with both the
salinity and the temperature of the surface waters within these limits Overmost of
the gulf in winter and spring, and with the water as cool and as saline as this only
a few meters down even in midsummer, neither temperature nor salinity but probably
light is the factor that bars Eukrohnia from the upper layers of water at all seasons.

With Eukrohnia occurring in the gulf only as an immigrant and not as flo per
manent and endemic inhabitant, a few words as to its distribution in the waters to
Which the gulf is tributary will be germane. Originally supposed to be an Arctic
animal, this glass worm is now known to be cosmopolitan in the high seas from Arctic
to Antarctic; but except in high latitudes it is confined to waters so deep that it prob
ably never reaches the Gulf of Maine from the oceanic basin abreast of it. Hence,
as Huntsman (1919, p. 476) points out, the Eukrohnia living in the upper 500 meters
or so (and this includes practically all the representatives of the species collected
either by the Gulf of Maine or by the Canadian fisheries expeditions) may be con
sidered as distinctly northern. It is known to be common in the cool, heavy, mixed
Water all along the continental slope from the Grand Banks of Newfoundland on
the north to the latitude of Chesapeake Bay to the south (fig. 93) in depths of 300
to 500 meters. For records of it east of Cape Sable see Huntsman (1919). How
universal it is along this zone abreast the mouth of the Gulf of Maine and thence
Westward and southward in considerable depths will appear from the fact that it
has been detected in the towings from 250 to 1,000 meters at 9 out of 12 Grampus
and Albatross stations from 1913 to 1920, irrespective of the time of year (stations
10076, 10220, 10233, 10352, 10368, 10384, 10393,20044, and 20077).

Outside the Gulf of Maine it is probably more numerous below 400 meters than
above, for on February 22, 1920 (station 20044), none were found at 250-0 meters
When a number were taken in a haul from 750-0 meters. Again, on the slope abreast
of Cape Sable more Eukrohnia were taken in the haul from 800-0 meters on March
19, 1920 (station 20077), than from 500-0; and on July 21, 1914, none were taken
in a horizontal haul at 300 meters off the slope of Georges Bank at station 10218,
but several were had at 400-0 meters at a neighboring station (10220) at about
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the same relative position on the slope. Farther offshore, where the warm surface
stratum is thicker, Eukrohnia probably tends to keep still deeper.

From this main area of distribution it works into the Gulf of St. Lawrence via
the Laurentian Channel, and into the Gulf of Maine via the eastern channel. It
likewise reaches the deep sinks between the Nova Scotian fishing banks, as Huntsman
(1919) showed, recent examples of which are its occurrence at two stations off Shel
burne (20074 and 20075) in March, 1920. Generally speaking, the farther in from
the continental slope, the less plentiful is Eukrohnia.

Other chootognaths

The species just mentioned completes the list of glass worms so. far recorded from
the inner parts of the Gulf of Maine, nor are any others to be expected there unless
as rare and accidental stragglers; but it would be no surprise to find any of the
chsetognaths known from any part of the North Atlantic at one level or another
in the oceanic basin abreast of the gulf. In fact, Sagitta enflata, a tropical species
common in waters of southern origin off the east coast of North America" appeared,
with other tropical organisms, in the tows over the continental slope in 1914 [stations
10218 and 10220]; off Marthas Vineyard in 1915 [station 10333, one specimen]"
(Bigelow, 1917, p.298). Pterosagitta draco, similarly tropical in origin, was repre
sented by about 50 specimens in the 60-metel' haul off the slope of Georges Bank on
July 21, 1914 (station 10218). Previous to that time we had taken it over the slope
abreast of Delaware Bay and Chesapeake Bay in July, 1913 (Bigelow, 1915, p. 299),
and Huntsman (1919) has since recorded it at the outer stations of the Canadian
fisheries expedition off Cape Sable and off the mouth of the Laurentian Channel in
July and August, 1915. Along the American littoral and off the Grand Banks region
these two species are among the most reliable of tropical indicators. Watch should
therefore be kept for them in the Gulf of. Maine, where it is not likely that they
could long survive the low temperature.

TOMOPTERlDS

Tomopteris catharina (Gosse) 77

The curious pelagic worm, Tomopteris, not uncommonly appears in the plankton
of the Gulf of Maine, though never forming an important constituent of it, quantita
tively speaking. So far the well-known T. catharina is the only species of the genus
which has been detected regularly within the southern rim of the gulf. .

In the western Atlantic this species is Arctic-boreal, having been recorded in
abundance on the Newfoundland Banks (Apstein, 1900) and in the Laurentian
Channel (Huntsman, 1921); southward, also, over the continental shelf about to
latitude 39° 30' (station 10069, July 19, 1913; Bigelow, 1915, P: 301); but it does
not occur in the Gulf of St. Lawrence, except as carried thither in the inflowing
current around the northern side of Cabot Strait or via the Strait of Belle Isle.

71 This Tomopterls has usually been called T. helgolandlca (e. g., by Apsteln, 1900; by Relblsch, 1005; and by Southern, 1911),
but Rosa (1908) and Southern (1911) have shown that the common Tomopterls of the North Sea reglon was first described under
the specificname catharlna. which consequently was adopted by Huntsman (1921). For accounts of Tomopterls and diagnoses a
Its several species see Apstein (1900), Relbisch (1005), and Huntsman (1921).
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In the eastern Atlantic it is widely distributed in the North Sea (not, however, in
the Baltic, from which it is probably barred by low salinity), around Ireland, and in
the English Channel. It is also recorded from the Sargasso Sea and from off the
mouth of the Amazon (Apstein, 1900); but, as Huntsman (1921) points out, it
seems so unlikely that T. catharina should normally occur at these tropical stations
that the records call for confirmation.

Slight differences have been described between the American and European
races of this worm (Huntsman, 1921), interesting because of a possible physiological
difference in their relation to the salinity of the water.

T. catharina has been taken here and there in the Gulf of Maine in every month
of the year, including midsummer (the warmest season), on the one hand, and late
winter and early spring (the coldest), on the other. As the chart (fig. 94) shows, it
is very generally distributed north of a line from Cape Cod to Cape Sable. For
example, it appeared at about 60 per cent of our stations in August, 1913; at about
50 per cent of the stations in the waters thus limited during February to May,
1920; at 5 stations (out of a possible 13) in the northern half of the gulf during
December and January, 1920-1921; and occasionally off Gloucester during the
winter of 1912--13.78

Thus, it is constantlypresent in the gulf throughout the year, with no definite fluc
tuations in abundancefrom season to season except an apparent scarcity in late autumn
and early winter, evidence for which is our failure to find it at any of our stations in
the western part of the gulf in October and November, 1916, or in Massachusetts
Bay during November and December of 1912. We have also found it occupying
the same geographic range in the cold season as in the warm, which is also the .case
around Ireland (Southern, 1911). .

Although Tomopteris is so large and conspicuous that one is not apt to overlook
it in the catch, it occurs so sparsely (usually from one to half a dozen individuals
per haul) that it may well have been missed by the net at other stations, though
actually present in the immediate neighborhood.

As appears from the chart, T. catharina has been taken with about equal fre
quency in the coastwise belt and over the deeper basin of the gulf. It is also
recorded (once only) from St. Andrews in Doctor McMurrich's plankton lists (p. 12)
and in the Bay of Fundy by Huntsman (1921), but we did not find it in Casco Bay
in July, 1912, when it was taken at several stations along the coast from Massachu
setts Bay to Mount Desert (Bigelow, 1914, p. 121). As we have never taken
it in any harbor (e. g., Gloucester, Portland, Southwest, or Eastport, etc.) it is to
be looked upon as occurring chiefly outside the outer islands and headlands and
rarely in the estuarine waters tributary to the gulf. On the other hand. we have
never taken T. catharina anywhere on Georges Bank or Browns Bank at any season,
nor at any of our deep stations along the continental slope. Thus, while not

71 For records or T. cothor/no (as" T. helgoland/co ") 1912 to 1913, see Bigelow, 1914 p, 121; 1914a, pp. 403-405;1915,p. 801. Since
then It has been detected at the following stations: In 1914at 10213, 10214, 10225,10245, 10246, 10247, 10248, 10249,10250, and 10255;
at stations 10267, 10270, 10290,and 10317In 1915; 10398In 1916; at stations 20048, 20050, 20052, 20055,20056,20057,20059,20060,20062,
20079,20080,20081,20084,20085,20087,20092,20093,20096,20097,20098,20100, 20107, 20113,20114,20115, 20116,20119, 20125, 20126,and
20127In the spring of 1920;and at stations 10489,10400, 10494, 10495, 104911, 10510,and 10511 In the winter and early spring 01 11120
lind 1921.

75898-26-22
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actually neritic (witness its rarity or absence under estuarine conditions), T. catha
rina is clearly a creature of the coastwise waters, as it occurs within the limits of
the Gulf of Maine.
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The bathymetric range of T. catharina in the gulf is considerable. We have
taken it on the surface at four stations in August, two in March, and three in April.?~

In connection with the relationship of Tomopteris to temperature, discussed below,
it is interesting that the surface captures in summer. have all been.in the northeast
part ofthe gulf-e-that.is, on German Bank, near Lurcher Shoal, and off the eastern
coast of Maine-whereas ths.localities where we have taken it on the surface in early
spring include, Massachusetts Bay and the general neigllborhoodof .the Isles of
Shoals in. the western side as wellas German Bank in the eastern. '

At the other extreme T. catharina certainly occurs as deep as 1.$0 met~~s (dqsing~
net haul at station 20079; March. 22, 1920), and probably down .to 200 meters, if
not still deeper, though the majority of captures have been in open-net hauls from
40 to 150 meters depth. When the actual depths of the individual hauls yielding
Tomopteris are classified by months, its bathymetric distribution appears decidedly
uniform from season to season, as illustrated by the following partial list of the cap
tures for midsummer as compared with early spring:

Partial list ofthe captures of Tomopteris [or midsummer, as compared with early spring

MIDSUMMER

Station Date Depth in Station Date Depth In
meters meters

10011. ................................. July 17,1912 110-0 10103................................ Aug. 14,1913 55-0
10014.................................. July 24,1912 40-0 10213................................ July 19,1914 m-O
10030.................................. Aug. 14,1912 ~:l 10214........................... , .... •.•..do........ 10'0-0
10032.................................. Aug. 16,1912 10225.••.•...••••..•.••••••...•.•••.• July 23,1914 240-0
10057................................. , July 8.1913 55-0 10245................................ .••••do........ (I)
10058.................................. •••..do........ 73-0 10246................................ Aug. 12,1914 50-0
10088.................................. Aug. 9,1913 146-0 10247................................ .•••.do........ (I)
10091. ••••..•.. : ........................ Aug. 11,1913 37-0 10248................................ Aug. 13, 1914 50-0
10095................. Aug. 12,1913 36-0 10249................................ .....do........ 175-0
10097................m.~::::::::::::: Aug. 13,1913 146-0 10250................................ Aug. 14,1914 120-0
10099.................................. .....do........ 36-0 10255................................ Aug. 23,1914 15<Hl
10100.................................. .....do........ 165-0

EARLY SPRING

20050.................................. Mar. 1,1920 75-0 20086................................ Mar. 23,1920 150-0
20052.................................. Mar. 2,1920 100-0 20087................................. Mar. 24,1920 200-0
20055.................................. Mar. 3,1920 1180-140 20092................................ Apr. 9,1920 (I~
20056.................................. .~ ••• do........ 76-0 20093................................ .....do... , ... , (I
20057................ , •...••.•.•••••••• Mar. 4,1920 75-0 20096................................ Apr. 10,1920 35-0
20059........................... : ...... .....do........ 60-0 20097................................ Apr. 11,1920 80-0
20060.................................. .....do........ (I) 20098................................ .....do........ 90-0
20062.................................. Mar. 5,1920 30-0 20100................................ Apr. 12,1920 100-0

~~~:::::::::::::::::::::::::::::::::: Mar. 13, 1920 75-0 20107................................ Apr. 16,1920 140-0
Mar. 22,1920 1180-0

~gm:::::::::::::::::::::::::::::::: Apr. 17,1920 '130-0
20080.................................. .....do........ 40-0 . ••••do........ no-o
20081. ................................. Mar. 23,1920 140-0

~giit:-.:::::::::::::::::::::::::: Apr. 18.1920 200-0
20084....""""""""""""""" .....do........ 30-0 .. .•.do........ 100-0
20085.....................,............. .....do........ 60-0 Apr. 20,1920 (1)

'Surface net. I Closing net.

Although T.catharina has not yet been detected in the bottom water of the deep
est trough of the gulf, it is to be expected there, for off Ireland it occurs indifferently
from the surface down to more than 1,000 meters depth (Southern, 1911). Our sur
face catches, like Huntsman's (1921, p. 87) were with one exoeption between 6 p. m.
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and 6 a. m., corroborating his view that T. catharina comes to the surface most often
by night:

As a rule,. Tomopteris has been represented in our hauls by large adults or
medium-sizedspecimens 15 to 40 millimeters long, with from 15 to 21 parapods,
and Doctor Huntsman informs me that he has invariably found this to be the case
in the Bay of Fundy. But during our August cruise of 1913 we took a considerable
number of its young in the northern and western parts of the gulf, including speci
mens as small as 4 to 8 millimeters in length, with only 6 to 8 parapods (but identi
fiable as this species by the tail, already visible, and by the number and location of
the rosette organs), at about the stage figured by Apstein (1900, pI. 10, fig. 2), as
follows:

Number
Locality Station of speol- Stage of development

mens

German Bank••• __ •________ •_____ •• __ n ________ • ______ ••••• ______ 10095 <I> 6 millimeters upward, 8 to 12parapods.
Northesat comer off Orand Manan_ .• _... _._. __ ._.... __ .. ________ 10097 1 6 millimeters, 12parapods.
North of Osahes Led~ •• _______ .•. _____ ._._. ___ •___ . __________ •• _ 10089 2 8 and 11 parapods.Near Mount Desert land .• _____ ._•• ___________________________ • 10099 2 10 millImeters, 12and 14parapods.

g:are~~o~~_~~!.:::::::::::::::::::::::::::::::::::::::::::::::
10101 2 Do.
10093 1 5.5 millimeters, 13parapods.

gg b~:t;j':a::tb::: ::::::::::::::::::::::::::::::::::::::::::::
10091 1 7 millimeters, 11parapods.
10103 <I> 4 millimeters upward, 6 parapods and

u~ward.
16 to 18miles southeast from Chatham, Cape Cod. _______ •____ •__ ---- ..----- <I> 6 m IImeters upward, 8 to 14 parapods,

1 several•

•Judging from the early stage in development represented by these specimens,
it appears that T. catharina reproduced itself in some numbers in the Gulf of Maine
during the summer in question, proving that it is actually endemic there and not
restricted as a breeder to more northern seas. Although young specimens have
not been detected in our tow nettings before or since at any season (evidence that
ifwould be quite exceptional for 'I'omopteris to breed in any abundance witlfin the
gulf), what little reproduction does take place there may be enough to maintain
the rather sparse stock of this worm.

Of course, this does not negative the possibility that more or less immigration
takes place into the gulf from the north (p 339); but the distribution of T. catharina
in eastern Canadian waters, as outlined by Huntsman (1921), suggests rather that
the Gulf of Maine colony is to some extent isolated and separated from the more
abundant stock of this worm in Newfoundland waters and in the region of the Lau
rentian Channel by a considerable gap, for it was taken at only one station inside
the continental edge along Nova Scotia by the Canadian fisheries expedition of
1915. Our scanty data point to an early summer breeding season, which agrees
with Southern's (1911) discovery-based on the occurrence of females with eggs
as well as of young-that it breeds from May until August in Irish waters.

Relation to temperature and salinity.-The highest temperature in which we
have positively established the presence of T. catharina in the Gulf of Maine is 14.44°
(surface haul, Station 10245, August 12, 1914), and the great majority of captures
have been from water colder than 8°. At the other extreme it has been taken in
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temperatures between 0 and 1° at several stations along the coasts of Maine and
Massachusetts in March (e. g., stations 20056, 20059, and 20062), frequentlyin water
of 2 to 4°, and the specimens taken by the Canadian fisheries expedition over the
Newfoundland Banks and in the Laurentian Channel in May, 1915, were probably
in water colder than 0° (see Huntsman, 1921, P: 86, for these records) and very
likely fractionally colder than - 10. Thus this worm finds its optimum in compara
tively low temperatures. Perhaps 15° might be stated as its absolute upper limit in
the Gulf of Maine, and, in fact, it is doubtful whether it could long survive water
warmer than 10 to 12°.

On three occasions we have taken T. catharina in salinities as low as 31 to 32
per mille," but the great majority of captures have been in water of 32 to 33 per
mille. The highest salinity in which our records positively establish its occurrence
in the Gulf of Maine (closing-net hauls at stations 20052 and 20055) is 33.7 to 33.8
per mille, and although we took Tomopteris at one station (10225) where the net
worked for a time in water as saline as 35 per mille, it is more likely that the odd
specimens that it brought back were picked up on its journey up or down through
the lower salinities of the superficial strata of water.

Thus, these additional records obtained during 1920 and 1921 corroborate Hunts
man's (1921, p. 90) conclusion that a salinity of approximately 33 to 34 per mille is
the upper limit for T. catharina off North America. On the other hand, it seems
well established that it never occurs in water much less saline than 32 per mille
except when it makes brief excursions to the surface, and our records thus support
Huntsman's (1921, p. 90) suggestion that low salinity is the factor that prevents it
from colonizing estuarine situations. In north European waters, ashe remarks, the
relationship which T. catharina bears to salinity is quite different, for around Ireland
Southern (1911) found it only in water more saline than 34 per mille. Of course, it is
possible that this is a physiological difference between the American and European
races of this species; but the question also naturally occurs whether high salinity,
per Be, acts anywhere as a bar to its dispersal, and whether it is not high temperature,
quite independent of salinity, which lays down a definite offshore bound for T.
catharina just outside the American continental edge as far northward as the Nova
Scotian banks. The rarity of T. catharina over the continental shelf along Nova
Scotia (Huntsman, 1921) is especially interesting in this connection, because the
temperatures and salinities there both fall within the limits in which it exists either
to the south or to the north.

The most reasonable explanation for its peculiar distribution is that T. catharina
occurs chiefly in the immediate neighborhood of its centers of production, of which
there are but two in the seas under discussion-a major on the Grand Banks and a
minor in the Gulf of Maine. It does not breed in the intervening stretch of waters
because it requires a closer balance in its physical environment for successful breeding
than for vegetative existence. This, we may assume, it does not find in the Gulf -of
St. Lawrence.

It is therefore likely that when the geographic limits within which T..catharina
breeds successfully are better known, specimens taken elsewhere will prove to be

80 Station 20002, surface,31.01 per mille; station 20003, surface,3Ul2per mille; station 20119, surface,31.43 per mUle.
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among the most reliable of indicators of Ocean currents. Huntsman (1921, p. 89)
has remarked that failure-to find it more frequently along Nova Scotia "indicates
the smallness of the contribution given by the water covering the Newfoundland
Bank to the mass of water passing southwestward over the Breton and Scotian
Banks." In fact, the evidence so far at hand suggests that it is exceptional for
Tomopteris of Newfoundland Bank origin to stray southwestward much beyond 60 0

longitude, much more so for it to reach the Gulf of Maine by this route.
What role T.catharina plays in the economy of the planktonic community is still

to be learned.

Tomopterls septentrlonalls Apsteln

Tomopteris catharina is the only species of the genus which so far has been recog
nized anywhere in the innerparts of the Gulf of Maine at any season, but during March,
1920, a second and much smaller tailless Tomopteris, provisionally identified as T.
septentrionalis,Sl was taken over the outer edge of the continental shelf off Cape )
Sable (stations 20076 and 20077), on Brown's Bank (station 20072), and in the south
eastern part of the Gulf basin (station 20086); also in the Eastern Channel (station
20107) in April and off the southwest slope of Georges Bank in May (station 20129),
one or two specimens on each occasion (fig. 94).

These records are interesting as extending the known range of this species
southward along America to the Gulf of Maine. It was found off Halifax and at the
mouth of ·the Laurentian Channel by the Canadian fisheries expedition of 1915
(Huntsman, 1921); has been taken at many localities in the Labrador current from
the Grand Banks northward; along the west coast of Greenland; right across the
North Atlantic to the Hebrides (Apstein, 1900); off Ireland, where Southern (1911)
described it as common; and as far south as the region of the Canaries and as the
Mediterranean near Gibraltar (Malaquin and Carin, 1911). It is likewise recorded
from the South Pacific off Chile (Rosa, 1908).

Unlike T. catharina, T. septentrionalis, is characteristically oceanic, but its
status in regard to temperature is not yet understood.

PELAGIC CCELENTERATES

The Gulf of Maine supports many species of ccelenterates, which live pelagic
for at least part of their lives. Most of them,however (medusa stages of hydroids),
are strictly neritic animals, which find their most favorable environment in the
sheltered bays and among the islands and on the offshore banks, and which so seldom
stray more thana few miles away during the brief period during which they are
afloat that they are of practically no importance in the plankton of the gulf basin.
Animals belonging to this category need not concern us here, since they have seldom
if ever dominated in our offshore catches. Most of the local species have been de
scribed and beautifully illustrated by Alexander Agassiz (1865), to whom I refer

81 The distinguishing characters of this species are its lack of tall, of rosette organs, or of first cirri; the development of sex organs
only in the dorsal branches of the parapodia; and the presence of one glandular organ in each ventral branch of the latter. There
Is no danger of contusing BeptentrionaliB, with the much larger eatharina, speoimens ottbe former, sulficiently adult to bear 21
parapods, being only 12millimeters long, according to Relblsch (1905). Our largest with 17parapcds was 7.5 mllllmeters. The
separation from. T. planktoniB, which depends on the parapodlal glands, requires specimens in good condition.
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ariy reader who may desire knowledge of them.82 The few species of hydroid medusee
which do drift out more 01' less frequently into the open basin are among the most
valuable indicators of coast water. Two of the local species of scyphomedusm,
which are of similarly neritic habit, are of still greater interest in this connection
because of their large size (p. 33). In the following pages the reader will find notes
on the occurrence of most of the species which we have found in any number in the
deeper parts of the gulf.

The ctenophores (p.365) are much more important in the natural economy of
the plankton community than either of the groups just mentioned, for they are not
only exceedingly abundant at times and locally in the gulf, but they are among the
most voracious of pelagic animals (p, 108). Only one species of siphonophore
(p. 377) is a regular inhabitant of the Gulf of Maine."

HYDROID MEDUSJE

Only a few of the many species of hydroid medusee assume any numerical
importance in the planktonic communities of the open Gulf of Maine outside the outer
headlands and islands, except over the offshore banks.

Mel1certum. cam.panula (Fabricius)

This boreal neritic species is common on the North American coast from eastern
Newfoundland southward to Cape Cod, and it. occasionally occurs as far south as
Woods Hole, whence Nutting (1901) recorded it once. It is represented in the
northeastern Atlantic by a form (M. octocostatum) so closely allied that it may prove
identical when the two are compared critically. The European Melicertum is known
from Iceland and from many localities around southern Norway, from the Skager
Rak, all around Scotland, and along the northeast coast of Iceland."

The hydroid stage of M. campanula Was grown from the egg by Alexander
Agassiz (1865) many years ago, hence there can be no question of its neritic nature,
while the medusa stage is so large, so easily recognized, and so closely confined to
the immediate vicinity of the land that it is one of the most valuable of neritic indi
cators. Hence, its distribution in the gulf deserves more attention than its slight
importance in the natural economy of the plankton might suggest.

The youngest medusse of Melicertum so far recognized were found by Alexander
Agassiz in Massachusetts Bay toward the end of spring. Older stages are common
all along the western and northern coasts of the gulf in June (Mayer, 1910, p. 208),
and the sexually mature adults swarm in harbors and bays from Cape Cod to the
Bay of Fundy during the late summer. It has been found plentiful, for example,
in Salem Harbor, in Gloucester Harbor, about Nahant, and off Cohasset in Massa
chusetts Bay; equally at the mouth of the Piscataqua River below Portsmouth;
in Penobscot Bay, where I have seen processions of these beautiful medusse drift
ing with the tide in late July and early August; at Southwest and Northeast Harbors
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on Mount Desert Island; and in the bays of Grand. Manan, where Fewkes found
it one of the commonest medusee in the summer of 1886 and I, myself, in August,
1910. Its breeding period endures from mid-July throughout August or even later,
both in Massachusetts Bay and in Penobscot Bay, hence is no doubt uniform along
the whole coast line of the gulf. The eggs are shed freely, are easily fertilized
artificially, and the early stages in development can be followed without difficulty.

I have not seen Melicertum after August, but A. Agassiz (1865, p. 181)
describes it as plentiful in Massachusetts Bay" in the fall at the time of spawning."
How late in the season its medusre may survive is not known. Perhaps it appears
and dies earlier in the southwestern than in the northeastern part of the gulf, like
Staurophora.

It is probable that the hydroid stage of Melicertum is invariably passed in the
immediate neighborhood of the coast, there being no evidence that this ever takes
place on Georges or Browns Banks or even on offshore ledges within the gulf, such
as Cashes and Platts. And while the adult medusre occasionally drift out to sea
(for we have taken odd specimens over the western basin on August 9, 1913 (station
10088) and near Mount Desert Rock (station 10248) on August 13, 1914), it is very
seldom that one strays beyond the 100-meter contour; nor have we ever found
Melicertum in numbers anywhere outside the bays, river mouths, or harbors, except
off Cape Cod and near Browns Bank (p. 33, footnote)." .

Staurophora mertensl1, Brandt

This is a boreal Arctic species, circumpolar in its distribution, ranging widely
over the Arctic Ocean and adjacent parts of the North Atlantic, and also in the
North Pacific. In the eastern side it is known from many localities about Iceland,
from Spitzbergen, Nova Zembla, the White Sea, all along the west coast of Norway,
between Scotland and Iceland, and from the northern part of the North Sea. S6 In
the western Atlantic and its tributaries Staurophora has been recorded from the
west coast of Greenland, from the east coast of Newfoundland, from many localities
in the Gulf of Maine, as detailed below, at Woods Hole, and as far westward along
the south shore of New England as Newport (Mayer, 1910) and Fisher's Island
Sound (Verrill, 1875, p.43). Its known range inthe North Pacific area includes
Bering Sea, the Aleutian Islands, and the coast of Alaska on the east, and Japan on
the west; and if Kramp's (1919, p. 41) contention that the S.falklandica of Browne
(1902) from the Falkland Islands is actually S. mertensii proves correct, it is bipolar.

This large hydromedusa is a very conspicuous member of the plankton of the
Gulf of Maine during its periods of plenty, for it attains a diameter of upwards of
200 millimeters at maturity and is made easily recognizable by its white central
cross. It has not been actually demonstrated that Staurophora passes through a
hydroid stage, but its systematic relationships and its seasonal history, outlined
below, make it practically certain that such is the case.

.. For locality records ot Mellcertum during the summer cruises ot 1912 to 1914 see Bigelow, 1914, p, 125;1915, p. 316;and 1917
p.303. .

.. Kramp (1919, p. 44),who has plotted its distribution in the northeastern Atlantic, has shown that the young "Staurophora"
described by Hartlaub (1899) from Helgoland probably was not this genus, but that the 8. dlBcofdea described by Klshlnouyo
(1910) trom Japan is not distinguishable trom S. mertensii,
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The young medusee of Staurophora appear off Cape Cod and probably else
where along the coast farther north during the last half of April.87 In 1920, for
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example, we noted them first off the northern end of Cape Cod on the 17th of that
month (station 20117) and found the tiny medusee (about 5 to 15 millimeters in
diameter) plentiful on the surface in Massachusetts Bay on the 20th (station 20119).

" Aooording to Mayer (1910) this takes place early In the month. but such has not been our own experience.
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Small specimens were again found thereon May 4 (station 20120), in Ipswich Bay
on the 7th· and 8th (station 20122); less numerously at the Massachusetts Bay
station (20124) and along Cape Cod (stations 20125 and 20126) on the 16th, and
one of 40 millimeters on Georges Bank on the 17th (station 20127). It is probable
that most of the Staurophora of that region are set free and reach recognizable
dimensions during the last week in April and the first week of May, for in 1913 we
found great numbers of the youngest stages in Gloucester Harbor on May 3 (Big
elow, 1914a, p. 407). In favorable years a tremendous production of Staurophora
takes place in Massachusetts Bay, and the distribution of the adults suggests that
this is true of the western coasts of the gulf as a whole, if not for its whole shore line.
As yet, however, no search has been made for it in early spring anywhere north of
Cape Ann in the inshore waters where the medusre first appear, nor is it mentioned
in Doctor McMurrich's plankton lists from St. Andrews.

Staurophora rivals the still larger scyphomedusre in the rapidity of'its growth,
a fact long ago commented upon by Alexander Agassiz (1865) and more recently
by Hartlaub (1899), who kept the young medusee under observation for some weeks.

By the middle of May the medusee attain a diameter of about 2 inches in the
Massachusetts Bay region, and during the last week of that month I have seen
specimens 3 to 4 inches in diameter cast up on the beaches of Cape Cod Bay in great
numbers. Staurophorre as large as 5 to 6 inches may be found early in June in
Massachusetts Bay, and they attain a diameter of 6 to 9 inches there during the
following month.

Staurophora reaches sexual maturity later, and the medusre live until later in
the season in the northern part of its range than in the southern, paralleling the
differences of temperature with latitude. Thus, Mayer (1910) records mature indi
viduals in Newport Harbor as early as the 5th to the 9th of June, 1895, while it is in
spring that Staurophora appears most commonly at Woods Hole. In Massachusetts
Bay it does not mature until early July, and our own experience corroborates Alex
ander Agassiz's statement (1865, p. 137) that Staurophora vanishes thence by the
middle of that month, for we have found none there subsequent to that date. They
occurred very generally, however, and often in large numbers over the northern
half of the gulf, in deep water as well as shoal, during the last half of July and the
whole of August of 1912, a year of plenty (Bigelow, 1914, p. 123), while Fewkes records
it as common and of large size at Grand Manan during July and August, 1886,
particularly in sheltered bays near the north end of the island (Fewkes, 1888, p. 233),
and at Eastport until October. However, as we have not found it in September or
later, it is probable that few if any of the medusee of Staurophora survive much later
than the end of August in the open gulf. Thus Staurophoradisappears from most
parts of the Gulf of Maine at least a month earlier in the season than either Aurelia
or Cyanea; and it is probable that when specimens are. seen in the southwestern part
of the gulf as late as mid-August-for example, we noted it off Cape Ann and off
Cape Cod on the 24th and 29th in 1912 (stations 10042 and 10043)--they are not the
product of the shallows nearby but have drifted thither from the northern part of
the gulf with the general eddylikecirculation. ..
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Staurophora fluctuates greatly in abundance in the Gulf of Maine from year to
Year. According to Willey and Huntsman (1921, P: 2) it was common in the channels
leading into Passamaquoddy Bay in 1910.. As just noted, also, the summer of 1912
Was one of plenty. For example, great numbers were seen floating on the surface 'and
a fathom or so down off Cape Elizabeth on July 29 and August 7; over Jeffrey Bank
and near MonheganIsland on August 8;itswarmed off Penobscot Bay on the 13th;
again a few miles off Seguin Island on the 22d; and 20 large medusre, upwards of 8
inches in diameter, were taken ina haul from 30 meters a few miles north of Cape
Ann on the 24th (Bigelow, 1914, p. J.23). Staurophora occurred at more than one
third of our stations for 1912 (16 locality records), distributed very generally over
the western and northern parts of the gulf, including Platts Bank, the Grand Manan
Channel, and Eastport." Willey and Huntsman (1921) also mentionjts presence
in Passamaquoddy Bay and at St. Andrews during that' summer.

If our hauls gave a true picture, the years subsequent to 1912 saw a progressive
decrease in the numbers of Staurophora living in the Gulf of Maine. Thus, it was
at only two localities that we found it in any numbers in 1913-inthe southwest
part of the gulf on July 8 and over Jeffreys Ledge off Cape Ann on August 11
With the other locality records based on occasional specimens only or on fragments,
although it occurred at ten localities89--that is, at about the same proportion of
our stations as in 1912. Straurophora proved even scarcer in the gulf in 1914,
When we found it at only three stations in all (10214, 10224,and 10249), although we
visited the same general localities as in the two previous summers and at about
the same season.

In 1915 this medusa was so rare that we took only three specimens at as many
stations (stations 10272, 10282, and 10290), although we towed in the coastwise
Waters of the gulf as well as offshore on many occasions from May onward through
out the summer: nor did we find it at all at our Gulf of Maine stations from Massa
chusetts Bay to' Georges Bank in July or August, 1916. From that time forward
the war caused a suspension of our work until the spring of 1920, hence nothing is
known of the status of Staurophora for the years 1917, 1918, and 1919 except that
none were seen at St. Andrews during that period (Willey and Huntsman, 1921).
But young Staurophora were once more plentiful in Ipswich Bay, Massachusetts
Bay, and along Cape Cod during the spring of 1920 (stations 20117, 20119, 20120
to 20122, and 20124 to 20126); andsince it was found very generally in Passama
quoddy Bay and its tributaries during that July and August (Willey and Huntsman,
1921, p. 2), it had evidently reestablished itself in the gulf in its former abundance.

Although Staurophora, like the scyphomedusan genera Aurelia and Oyanea.
and like the varioussmaller hydromedusre (p. 340), is neritic; it is much less closely
confined to the coastal zone in its medusan stage than is either of the former or
than are most of the latter (p. 341), but occurs' widely over the triangle between
~ova Scotia and the Maine coast in its summers of plenty, offshore as well as in the
coastal zone, and out to the 100-meter contour off the Massachusetts Bay region
(fig. 96). But it seems to be wholly absent from the south-central and southeastern
---"7"-----,--__-------------:-- --------------

81 For these stations see Bigelow, 1914, p, 123•
.. Stntlonsl0057 and 10058In July; stations 10089,10090.10091, 10093,10100,10103, and 10104In August.
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parts of the basin of the gulf, and it is only near shore or over comparatively shoal
water that we have encountered it in any abundance (p. 345).

Staurophora, like Cyanea, breeds on Georges Bank as well as in the coastal
zone-witness the young medusa taken there by Mr. Douthart in April, 1913 (Bige
low, 1914a, p. 414), and the specimen of 40 millimeters mentioned above at station
20127. Very likely it is commoner andmore widespread there than the actual records
suggest, its seasonal history in Massachusetts Bay suggesting that it may grow to
maturity on Georges Bank and die there in the seasonal interval (late May to mid
July) between the dates of our visits. Our failure to find it at all over the coastal
bank west of Nova Scotia, including Browns Bank, may have been equally accidental.
The preponderance of records for this medusa in the western side of the gulf, as
contrasted with the eastern, evident on the chart (fig. 96), can not be explained away
in this manner, however, but suggests that its chief center of abundance is in the zone
between Cape Cod and Penobscot Bay.

Vertical distribution.-The youngest medusre recognizable as Staurophora swarm
on top of the water, as do the medium-sized specimens so often cast up on the beach,
but although the large adults of midsummer occasionally rise to the top (most often
at night and in regions of active vertical circulation-e. g., in the Grand Manan
Channel) they are usually at least a meter or more below the immediate surface at
this season, a fact that has been noted elsewhere (Bigelow, 1914, P: 124). On.calm
days they may often be seen from the ship's side as deep down as the limit of visibility,
but, on the other hand, we have no evidence that Staurophora ever descends to any
considerable depth, most of the records being from hauls shallower than 100 meters.
As our largest catches have been made at 40 meters or less it is probable that this is
the lowest level of its common occurrence and that the occasional Staurophorre taken
in the deep hauls have been picked up by the net on its way down or up through the
water.

I should emphasize that the status of Staurophora as a regular endemic inhabi
tant of the Gulf of Maine is thoroughly established; was, indeed, to all intents and
purposes by Alexander Agassiz (1865) many years ago. Inasmuch as its geographic
range when it is in the medusa stage covers the whole of the inner waters of the gulf
from Massachusetts Bay to the Bay of Fundy, no doubt it breeds successfully all
along the NeW' England coast north of Cape Cod and perhaps farther west as well,
for the medusre appear in most years both at Woods Hole (Hargitt, 1905a) and at
Newport (Fewkes, 1888).

It is certain that many Staurophora pass through their hydroid stage in water as
shallow as that of Gloucester Harbor, where we found the very young rnedusee in
great numbers in 1913 and 1920 (p. 43; Bigelow, 1914a, p. 407). In fact, it is probable
that the majority of the stock live through their attached stage within 20 to 30 meters
of the surface within a few miles of the coast line, as is the case in Massachusetts
Bay. The wide distribution of Staurophora in the offshore parts of the gulf, however,
and especially the fact that its medusee are set free on Georges Bank suggest that
it may also pass through its development in considerably deeper water. HoW
deep is not yet known. Probably Platts Bank, Cashes Ledge, and Jeffreys Ledge
are also nurseries for it.
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The large Staurophora no doubt takes a very heavy toll of Calanus and smaller
copepods, which are often to be found entangled along the elongated lips of its cruci-
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form mouth opening, and since the young Staurophora also feed on them greedily,
according to Hartlaub. (1899)I this medusa must play an important role in the natural
economy of the animal plankton wherever it is plentiful.
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Ptychogen.a Iactea, A. Agassiz

The importance of this Arctichydroid medusa in the Gulf of Maine as an indica
tor of water from the north has been emphasized in an earlier chapter (p. 59). I
need merely list here the following records of its occurence:

Massachusetts Bay at Nahant, "where they have only been found during a
single fall, and then only for a few days, when they seemed quite abundant" (A.
Agassiz, 1865, p. 139); eastern basin of the gulf, May 6, 1915 (station 10270);
German Bankthe next day (station 10271), one specimen at each station; and several
examples near Lurcher Shoal on the 10th of the month (station 10272).

The presence of this Arctic medusa in Massachusetts Bay in the autumn of 1863,
as recorded by Agassiz, contrasted with the fact that we have since found it only in
spring at the time the Nova Scotian current is at its maximum, andin the opposite
side of the gulf, is an interesting phenomenon and one yet to be accounted for.

The nearest locality record for Ptychogena to the northward with which I am
acquainted is from the neighborhood of Halifax, Nova Scotia, where it was taken by
the Ohallenger (Haeckel, 1881). , . ,

Ptychogena laciea is Arctic and circumpolar. It has been recorded from several
localities along the west coast of Greenland and in Barents Sea between northern
Norway and Spitzbergen, from Franz Josef Land, from the Kara Sea near Nova
Zembla, from Bering Sea, and from the Sea of Okhotsk. Its most southerly records
are the Gulf of Maine in the western side of the Atlantic, between Scotland and
Iceland in the eastern side; and the east coast of Hokaido, Japan, in the Pacific
(Bigelow, 1913; Kramp, 1919, p. 37).

Mitrocoma cruciata (A.. Agassiz)

Mitrocoma cruciaia, Staurophora, and Phialidium are the only hydroid medusse
that we have found generally distributed in the open gulf at any season. Mitro
coma is further interesting because it was not seen from the time it was first de
scribed by Alexander Agassiz (1865) from Nahant, Mass., many years ago, until
the Grampus rediscovered it in the gulf in July, 1913 (Bigelow, 1915, p. 316).
Although the development of this species has not been traced, there is every reason

. to suppose that its hydroid stage, like that of its close relative, the Mediterranean
M. ammse, is a Cuspidella.

In the Gulf of Maine Mitrocoma is a spring species. In 1920 the Albatross
towed specimens occasionally from February 23 (our earliest seasonal date for it)
until May 4 (stations 20048, 20091, 20105, 20106, and 20120). In 1915 we found
it not uncommonly in May and June (stations 10270, 10271, 10278, 10282, 10286
to 10288, 10290, 10291, and 10293). A. Agassiz's record was also for June. We
have one July record of it in 1913, just noted, one in 1915 for July 15 (station
10301), one for August 4 (station 10303) and others for the 12th and 14th in 1914
(stations 10246 and 10250); but the middle of August apparently marks the end
of its season of occurrence,' for' we have not found it on any Of our cruises later
in the season. Thus,its period of abundance precedes and somewhat overlaps
that of Phialidium. The localities of capture are widely distributed in the
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western, northern, and eastern parts of the gulf,over deep water as well as
shallow, and include Browns Bank (fig, 97), We have not found Mitrocoma on
Georges Bank, though a specimen was towed in the basin between the latter and
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Cape Cod on July 8, 1913. Thus, the few locality records for Mitrocoma roughiy
parallel those for Phialidium (p. 350) in their geographic distribution, and so large
a percentage of the captures have been made over one part of the basin or another
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that Mitrocoma, like Phialidium, probably passes through its hydroid stage over
rather a wide range of depth and perhaps down to 100 meters or more.

Up to the present time all known captures of M. cruciata have been from the
Gulf of Maine except for a few taken off Shelburne, Nova Scotia, by the Grampus
on June 23, 1915 (stations 10291 and 10293), and it seems nowhere to be abundant
even in the gulf, for our tow nets have never yielded more than a dozen specimens
or so at anyone station.

Phlalld.1um. languldum. eo (A. Agassiz)

Phialidium languidum (fig. 98) is the only one of the smaller medusee with
hydroid stage that is ever an important factor in the plankton in the open basin
of the Gulf of Maine.el

The young medusee of Phialidium appear in the waters of Massachusetts Bay
late in May (A. Agassiz, 1865, fig. 96), and to judge from Mayer's (1910) observa
tions at Newport it is probable that they are constantly set free from their hydroid
stocks from that time until July, but they are so small and so easily destroyed in
their earliest stages that it is not until they have reached almost mature size that
w'i; have recognized them in the general mass of plankton taken by our tow nets.
The adults are most numerous from the last week of July through August, to vanish
from Massachusetts Bay by the end of September, and our latest autumnal records
of Phialidium are for October 9 in the coastal zone between Grand Manan and
Penobscot Bay in 1915 (for list of stations see Bigelow, 1917, p. 304). The abun
dance in which these medusse sometimes occur was mentioned by Alexander Agassiz
(1865, p. 73), who found them "in immense shoals on warm, sunny, still days" in
Massachusetts Bay during September. Mayer (1910), too, observes that from July
until September they are extremely abundant along the New England coast, par
ticularly at Eastport, where they crowd the water of the harbor, and my own more
recent experience has been similar. For instance, we found Phialidium common
in every harbor and bay that we entered during the month of August in 19'12, espe
cially so in Gloucester Harbor, at the mouth of the Piscataqua River, at Boothbay,
and at Eastport. I had previously seen this medusa in myriads both at Grand
Manari during August, 1910 (whence Fewkes (1888) also records it), and along the
southern shores of Massachusetts Bay. The Grampus likewise found it swarming
near Mount Desert Rock on August 16, 1912 (station 10032), and near Seguin
Island off the mouth of the Kennebec River on the 22d of that month (station
10040); even as far offshore as the eastern basin on August 13, 1914 (station 10249).
and also in the Piscataqua River and off Rye, N. H., on July 23, 1915.

We have no record of Phialidium out in the open gulf prior to the first of
August, either because the young medusee are confined to the immediate vicinity of
their shallow nurseries along the coast or because they have not been recognized in
the tow, but during that month it occurs very generally right across the gulf north
of a line from Cape Cod to Cape Sable."

to For description and figures see A. AgllBSiz,'UlOO, p. 71; Mayer, 1910, p. 269.
tl Other species are plentiful locally on Georges Bank.
tJ For locality records, summers of 1912 to 1915, see Bigelow, 1914, p. 125 1915 p. 273 and 1917 pp. 303 and 304.
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Although we havataken .Phialidiumovsr the basin as well, aanear shore, it
occurs most regularly within a comparatively short distance of the land, as might
be expected of any neritic animal that, passes the greater part of. the year .attached
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to the bottom in shoal water. There is evidence that Georges Bank and Browns
Bank serve,as nurseries for it, for we found it on the northwestern: part of the former
on August 13,' 1926. We have no record for it in the southeastern part of the
basin or in the Eastern Channel.

75898-26--23
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.Our experience has been that the medusee of Phialidium: are always most nu
merous at the surface or a meter or so down at most, no matter what the precise
locality in the gulf or the time of day, a fact well illustrated in 'the eastern basin
on August 13, 1914, at "station 10249, where only a few were taken in the 50
meter, none in the 175-meter haul, though it was very numerous on the surface"
(Bigelow, 1917, p. 305). Similarly, the offshore swarms twice encountered in August,
1912, were so close to the surface that the deep hauls yielded very few (no doubt
caught by the net in its passage down and up through the rich superficial zone),
although the surface nets were clogged with them.

TRAcnOMEDUSJE

The Trachomedusre as a group are oceanic and only one of them is known to enter
regularly into the planktonic fauna of the Gulf of Maine.

Aglantha digitale (Fabricius)

Whether the known representatives of the genus Aglantha represent two species,
a large northern with four otocysts (digitale) and a smaller southern (rosea) with eight
of these organs, or only one, has been the subject of much discussion. The most
recent observations (e. g., Mayer, 1910; Bigelow, 1911, 1913, and 1915) favor the
latter view, it having been proved that the older separation, based on the number of
otocysts, can not stand. It is still possible, however, that the genus is represented in
different seas by more or less definite size varieties, of which the geographic and
seasonal relationships are still to be traced. In the following pages all Aglanthas,
large and small, are treated as a specific unit because they have not yet been subjected
to examination more critical than has been necessary to establish their generic identity.

Aglantha digitnle is circumpolar and boreal-Arctic. In the northeastern North
Atlantic and tributaries its known range includes the White Sea, the ArcticOcean about
Spitzbergen, Barents Sea, the Norwegian Sea, and the northern part of the North Sea.
It penetrates thence into the Skager-Rak, which is a center of abundance for it {Kramp,
1913), and has been found very plentiful in the Bayof Biscay in depths of .50 fathoms
or more (Browne, 1906, as" A. rosea"). The collections made by the plankton expedi
tion show that Aglantha is practically universal between Iceland and Greenland; in
fact this probably applies to the whole North Atlantic north of the isotherm of 60°
surface temperature. Aglantha is the commonest of the smaller medusre in West
Greenland waters (Vanhoffen, 1897), and the records for it off 'the coast of eastern
North America include the east coast of Labrador, the east coast of Newfoundland
(Bigelow, 1909a), the Grand Banks, and the continental shelf generally along Nova
Scotia (Bigelow, 1917, p. 303). It occurs far and wide in the Gulf of Maine, as de
scribed below, and follows the cool water over the continental shelf as far west and south
as the mouth of Chesapeake Bay in winter (Bigelow, 1918, P: 388); sparingly to the
latitude of Delaware Bay even in summer. The high temperature of the inner edge of
the Gulf Stream forms an insurmountable offshore barrier to Aglantha off the Ameri
can littoral, as it does for so.many other boreal members of the plankton.

Although the early development of Aglantha has.not yet been traced, it is prob
able that it is direct, like that of its close ally, the genus Aglaura~that is, without
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hydroid stage-c-and consequently that the medusa is independent of the coast line and
of the bottom at all stages in development. Its distribution is therefore wholly:
independent of distance from land or from shoal water.

Aglantha, like many other medusee, was first recorded from the Gulf of Maine by
Alexander Agassiz (1865), who detected both large, sexually mature medusse add
young ones at Nahant, Mass., during the summers of 1863 and 1864, since when
it has been reported both by Hargitt (1905) and by Mayer (1910) as common in
spring off the shores of southern New England. Consequently it was no surprise to
find it in our plankton hauls at many stations in the Gulf of Maine. The localities pf
capture, as appears on the chart (fig. 99), are concentrated in a peripheral zone 40 to
60 miles broad, paralleling the coast from Cape Cod to Cape Sable and spreading
thence southward and westward across Browns Bank, the Eastern Channel, and

" . \

following the southern half of Georges Bank westward; but we have never takEtn
a single specimen of Aglantha in the central waters of the Gulf or over the northern
part of Georges Bank. i

The reader need but compare the chart of Aglantha with the corresponding chart
for Beroe (fig. 102) or for Pseudocalamus elonqaiu» (fig. 83), animals equally pelagic at
all stages and of similar temperature affinity but regularly and constantly endemic [n
the Gulf of Maine, to note the sharp contrast between the definite localization b£
the records for Aglantha 9S and the universality of the others. , , .' I

Although we have never found Aglantha with sufficient regularity (and seldom m
sufficient abundance) to regard it as a characteristic member of the plankton of the
gulf, it has occurred often enough and at stations indifferently enough spaced to sh~\v

that it may be expected anywhere and at an~ season in the eres inclosed by '~e

curve on the chart. Within this area the locality records show no definite concan
tration in one side of the gulf or the other, nor do they correspond to the depth bf
water, and our experience has been that the local presence or absence ofAglant4a
in the gulf at any particular time is as independent of precise temperature or sali~ib

as it is of depth, the close neighborhood of land, or the contour of the bottom. 'Ilts
distribution closely mirrors the anticlockwise circulation of the upper strata pf
water in the gulf. .The natural inference from this is that the continued presence of
Aglantha within the gulf depends more on immigration from the east and north than
on local reproduction. Once such immigrants have passed Cape Sable they follow
right around the gulf, first north then west, southwest, and south in their involuntary
journey, with little more tendency to spread toward the center of this great ed4Y
than have the various fish eggs or other animals of neritic nature that are set fr~e

near the coast line. In this its distribution in the gulf parallels (though it does n~t

exactly reproduce) that of the chretognath Eukrohmia hamata, another common vi~i
tor from colder seas to the east and north, which occurs far more regularly around
the periphery of the deep basin than in its center and spreads southward along ili.e
slope of Georges Bank but at a deeper level than Aglantha.

PI For locality records ofAglantha for the yIlars1013 to 1016, see Bigelow, 1015, p, 316;1017, pp. 303and 304; 1022, pp. 134and 131!,
During the spring of1020 It was taken at stations 20044, 20046, 20049, 20055, 20056, 20058, 20064, 20067, 20068, 20071, 20072,' 20073, 20074,.
20075,20076,,20077,200711,20081,20037,200116,20105,20107,20111,20115, 20116, 20118, 20122, 20128 ,and 20120, and \lot statloDS104110, 104111
and 10499 during December-January, 1020-1021. .
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Although Aglantha abounds on or near the surface in Arctic Seas its usual.habi
tat in the Gull of Maine is at some deeperlevel, with only six of our sixty-odd locality
records for it from surface hauls; v, but, although it so seldom rises quite to the top of
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the water in the gulf, we have occasionally taken it at not over 15 meters depth,
often in tows from 50 or 60 meters, and usually within 150 meters of the surface.

84Aglantha has also been found on the surface at Woods Hole by Hargltt (1905), and at Nahant in Massachusetts Bay by /t..
AgllBS!Z (1865).
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Only eight hauls (whether with the open or closing nets) from deeper than 160 meters
have yielded Aglantha. Evidently, then, this medusa lives chiefly in the upper
strata of water in the Gulf of Maine, just as it does in the North Sea region (Kramp,
1913) and for that matter over the North Atlantic as a whole, though not on the
surface. The frequency of captures in hauls made between 50 and 150 meters (a depth
range which included about 40 per cent of all Gulf of Maine records for Aglantha)
points to this stratum as its chief center of abundance. The greatest depth from
which I can definitely establish the presence of Aglantha within the gulf is 180 to
140 meters (closing net, off Mount Desert Rock, March 3, 1920, station 20055). The
only specimen we have taken in a tow from deeper than 200 meters (240-0 meters,
station 20049, western basin, February 23,1920) may have been picked up by the open
net on its journey down or up; nor is it any more certain that the few Aglanthas
which we have collected along the continental slope ostensibly from 400-0 and 500-0
meters (e. g., station 20077, March 19, 1920), but in open nets, actually came from
so great a depth.

Aglantha is seldom abundant in the Gulf of Maine; in fact, most of the records
obtained by the Grampus, Albatross, and Halcyon (now amounting to .the respectable
total just mentioned) are for single or occasional specimens. Only five times have we
taken it in large numbers-that is, near Lurcher Shoal, May 10, 1915; near Glouces
ter, July 19, 1916 (station 10340); in Provincetown Harbor the next day (station
10243); off Gloucester, October 31 of that same year (station 10399); and on the
southeast part of Georges Bank, March 12, 1920 (station 20069).

Aglantha is present in the gulf throughout the year, taken there during every
month except October, when we have done little towing; nor is there anything in our
records to suggest that it is notably more abundant at one season than another, for
the rich hauls just mentioned were made in spring (March and May), summer
(July), and autumn (October). It is probable, however, that a more intensive
study of the 100801 occurrence of this medusa in the gulf would show that its numbers
there do wax and wane with the succession of the seasons. At Woods Hole it occurs
most often in spring (March to May, according to Hargitt, 1905). .

.Although the distribution of Aglantha in the Gulf of Maine is more consistent
with an extralimital source of supply than with widespread local production such as
maintains the stocks of Calanus, Thysanoessa inermis,Sagittaelegans, or even Euehseta
in the gulf, the fact that very young specimens as well as adults have repeatedly
been taken there not only during our recent cruises but half a century ago (A. Agas
siz, 1865) is evidence enough that it reproduces itself to some extent. Occasionally
a local wave of production must take place to produce such an abundance of the
young medusre as we found off Cape Ann on October 31, 1916 (Bigelow, 1922,
p. 136; station 10399).

Aglantha, large or small, is usually so scarce anywhere in the gulf that such
events must be unusual. Additi6nal information on this point would be very welcome,
for it is not possible to appraise the faunal significance of the occasional swarmings
of Aglantha as indices to influxes of northern water into the Gulf of Maine without
knowing how regularly the stock of this species existing there is replenished by local
breeding.
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The dimensions of.the specimens of Aglantha from the Gulf of Maine, compared
with their states of sexual maturity, corroborate all previous studies of the genus to
the effect .thatthere is a wide range of variation with respect to the size attained by
this medusa at maturity. At the one extreme is a large race in which the gonads do
not reach full size until the bell is 20 millimeters high or even higher, and there seems
t,o be every gradation from this down to specimens in which the sex organs are already
well developed and the eggs plainly visible when the bell is only 6 to 10 millimeters
high. The i\glanthas from Massachusetts Bay, described by Alexander Agassiz
(1865) as upwards of. 25 millimeters high when adult and with the gonads just
appearing in specimens of 5 to 8 millimeters, were among the largest known repre
sentativesof the species. Most of the Aglanthas collected by the Albatross from
February to May, 1920, were likewise large, as appears from the following table:

Hel~h't·· , Hel~ht

Station of bel In State 01sexual development Station olbelln State of sexual developmentmllll- milll-
meters meters

20067-- _____ 9' No gonads. 20096.- _____ 18 Gonads 6 to 7 millimeters long.20129_______
10 Do. 20129__•••• _ 18 Gonads 4 mlllimeters long.

20129___~_~_ 12 Small gonads. 20069...... 21 Gonads 5 mlllimeters long.
20129_-._. __ 13 .Do. 20088.. ____ 23 Gonads 7 to 8 mlllimeters lont20081.______ 19 Gonads 2 to 3 millimeters long. 20116___..._ 26 Gonads mature, up to 6 to 7m limeters

long.

A large variety was also represented among the Aglanthas taken in May, 1915,
and part (just what proportion is yet to be determined)' of the swarm of young just
mentioned as encountered off ,Gloucester on October 31, 1916, were also destined to
grow large, for the series taken included many specimens up to 10 millimeters high
but without visible trace of gonads. But that same swarm yielded many Aglanthas
with gonads of good size and (in the case of the females) eggs already visible, although
the bells were only 6 to 7 millimeters high. Our largest catches of the "small"
Aglantha were in Massachusetts Bay and especially at Provincetown on July 19 and
20, 1916 (stations 10340 to 10343), when specimens sexually mature, though only
6 to 10 millimeters high, were abundant and no large ones were taken. Examples of
this small variety have also been recorded by Hargitt 05 (1902 and 1905) from off
Chatham, August 19, 1902.'

These data suggest that the large race usually predominates in the gulf during
the cold season, giving place to smaller specimens during the warm; and the occur
renee-of large and small-specimens side by side in Massachusetts Bay in October,
which Lhave just mentioned, may mark the transition from the season when most
Of the Aglanthas are small to that during which they average large. The presence of
occasional large specimens in midsummer-for instance, off Grand Manari on August
1'3, 1913,andin'Massachusetts Bay in summer and autumn-showsthat there is no
hard and fast.rule;

To settle the true relationship of the two races to each other, to the, physical
state of the water, and-to-their origin in the gulf, whether local or immigrant,calls for
8. study more intensive than has yet been devoted to the genus. For the present the

OJDescribed by him as a new species, "A. conlca."



PLANKTON OF' THE GULF OF MAINE 357..
most reasonable hypothesis is that the small form is evidence .of conditions less
favorable, the larger specimens of an environment more favorable, for growth, though
both may mature their sexual products.

SCYPHOMEDUSlE '

Cyanea capillata var, arctica, P~ron etLesuaur

The distribution of the genus Cyanea, the largest of all the medusee, is very
wide along the coasts of both sides of the North Atlantic and Pacific Oceans and in
the Arctic Ocean. The genus is likewise represented in south Temperate and Ant
arctic Seas, but not in the Tropics. Numerous supposedly distinct "species" of
Cyanea have been described, separated for the most part by color, size, and minor
anatomical differences" but these have been found, to intergrade in so many cases
that, as I have remarked elsewhere (Bigelow, 1913, p. 92), it seems impossible to
disti;nguish more than one species of this genus in northern seas, whereall its varieties
are connected by intermediates. Several of the latter, however, deserve recognition
in nomenclature, beingnot only wellmarked butoccupying rather definite geographic
ranges. . ' . "

, '.The,Cyaneas which occur in the Arctic-boreal.waters of the western side of, the
North Atlantic province, from West Greenland to the region of Cape Cod and Nan
tuck,et Shoals, are the largest of ,their race and usually'of a rich brown and yellow
color. .Theyform the basis of the "species" O. arctica of Peron et Lesueur and of
most recent authors.. :follOwing the coast west and south, from Cape Cod we ,'find
this northern form giving place to smaller, more yellowish Oyaneas (the val'. fulva)
alongE;outhern'New England and the Middle Atlantic States to the Carolinas, and
this form in turn.to a, st~l1 smaller and pinker race christened "versicolor" by L.
Agassiz, whichis very pl,entifullocallyfrom Cape Hatter~s to. the southern boundary
for the genus off Florida (Mayer, 1910, p~ 600). . . . . ,

Cyanea, like Aurelia (p. 362), is neritic and its life cycle is similar. The egg 96

develops to the planula stage among the folds of the mouth parts of its parent, and
When it is shaken free it attaches)tself to the bottom, to develop there into the
tentaculate scyphostoma from which the youngmedusre (ephyrse) are' produced
serially by annular constrictions of the oral end. . ,. '

The distribution of this common red jellyfish in the Gulf of Maine is interesting
because its presence is a sure sign of coast or of banks water, and because it offers
a refuge to the fry of the haddock 97. Locality records for it in the gulf are now very
numerous. In the neighborhood of Woods Hole (and probably this applies all
along the southern shores of New England) the young medusre of Cyanea appear
in March; by the endof' the month "the calm surface of the water in Great Harbor
Was literally spangled: with the, slightly protruding discs" (Bumpus,' 1898, p. 487);
by, mid-April some have grown to a diameter of 7, inches (Mead, 1898); many are
sexuagy matureat,'Woo,ds Hole b:y May, though the youngestmedusre (ephyr~

stage) are still to be found there as, late as the end of that month; and the mature
',' .. , . i '

'6 On the development of Oyanea see L. Agassiz, 1862; Hyde, 1894; McMurrlch, 1891; Hargltt, 1002.
'7For an account oflts movoments In Norwoglan waters see Damas (1909). i . ,
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medusre in the act of releasing their ova are taken in abundance from the early part
of June (McMurrich, 1891) until September (Sumner, Osburne, and Cole, 1913a,
p. 575).

North of Cape Cod it seems that the ephyrre of Cyanea are liberated later in
the season, corresponding to the more tardy vernal warming of the water. I
have no direct data as to the precise season when the ephyree are set free in the
Gulf of Maine," for we have never seen a young Cyanea in the inner parts of the
gulf during the spring months, but the few we have taken there during the last half
of June have been only 2 to 3 inches broad (e. g., north of Georges Bank, June 25,
1915, station 10298). It is not until the first part of July that we have seen Cyanea
as large as 6 to 10 inches in diameter in the Massachusetts Bay region, pointing to
April and Mayas the season when their liberation commences.' At that time the
smallest medusee of Cyanea must be extremely plentiful along the shores of the gulf.
Alexander Agassiz (1865, p. 45) saw great numbers of them measuring U to 3 inches
ill diameter on the surface in ProvincetownHarbor in the early morning, all, however,
sinking as the sun rose, and we have found them in abundance on Nantucket Shoals
in April (p. 359). Our 'failure to take them' in our tow nets elsewhere in the gulf
during those months, in spite of the considerable number of hauls, recalls' Louis
Agassiz's remark (1862, p.'109) that "there must be something peculiar in the habits
of the young Cyanea to render them apparently so rare, when in the adult state they
are so common" along the coasts of Massachusetts Bay. His suggestion that they
keep near the bottom during their early stages has been corroborated by Mayer's
(1910, p. 600) observation that young Cyaneas rarely come to the surface in the
aquarium but spend most of their time clinging to the bottom or side of the tank
with their widespread oral fringes. The tendency of the small Cyaneas to seek the
surface so much more regularly about Woods Hole than in the Gulf of Maine is an
interesting local difference in habits still awaiting explanation.

It seems that Massachusetts Bay and the Gulf of Maine generally offer an
especially favorable environment for the Cyaneas, which grow so rapidly there that
many of them attain a diameter of 2 to 4 feet by the close of the summer. This is
about the average size at the end of their lives, though Alexander Agassiz (1865, p. 44)
records one monster from Massachusetts Bay that measured 7~ feet across the disk,
with tentacles upward of 120 feet in length. '

It is certain that the breeding season for Cyanea endures from June until mid
autumn in the Gulf of Maine, for on the one hand Hyde (1894) obtained developing
eggs near Cape Ann early in summer, while on the otherwe have frequently found
the medusee, with mature eggs and carrying great numbers of the planulee, cast up
on the beach in September and early October. Probably Cyanea becomes sexually
mature as soon as a certain size is attained, regardless of the precise season when
this takes place, and continues to produce eggs or sperm throughout the remainder
of its life, with the autumnal storms, which either cast the medusee on the shore or
batter them to pieces at sea, setting thenatural period to their existence. We find
no record of Cyanea in the Gulf of Maine after October.
----------,---------------:------------

" One ephyra was taken near Mount Desert on June 14, lOla, but It was probably among the latest produced there.



PLANKTON OF 'I'HE GULF OF MAINE 359

It is not easy to reconstruct the life histories of planulee set free at the beginning
of the breeding season, which may be in May at Woods Hole or early in June north
of Cape Cod. It is possible that some of these pass through the scyphostoma stage,
that these produce ephyree, and that the latter grow to sexual maturity-but proba
bly not to a large size-that same autumn; for Hargitt (1902) found that in high
temperatures (19 to 20°, and upwards) the development of Oyanea may go forward
so rapidly that the whole cycle, from planula to young medusee, is sometimes com
pressed into a period ofl8 days. McMurrich's (1891) experience, however, that
planulre of Cyanea produced in May, which he kept under observation in the aqua
rium at WOOds Hole and apparently under favorable conditions, were still in the
scyphostoma stage at the end of August is sufficient evidence that the rate of larval
development is usually much slower than this even at summer temperatures. Nor
is it likely that if any great number of Oyaneas passed through two generations a
year at Woods Hole-that is, produced sexually mature medusee in spring and again
in autumn-s-the fact would so long have escaped detection there, with marine col
lecting carried on so intensively and continuously. It-is also probable that in the
Gulf of Maine, with its cooler water, few of the larvalOyanea that are produced in
late spring and early summer (none of the late summer and early autumn crop)
attain the stage at which the young medusse are set free (" strobila stage") before
autumnal cooling checks their further development.

What few precocious modusse may be produced in the gulf during some unusually
warm autumn or in some locality abnormally warm for its latitude probably perish
at the onset of winter without leaving issue. In short, the evidence is strong that
there is only one annual generation of Cyanea in the Gulf of Maine. Cyanea passes
the winter in the attached (" scyphostoma") stage until stimulated to renewed devel-

" velopment by the rising temperatures of spring.
Because of its life history, Cyanea is strictly neritic in its faunistic status. It

has generally been takenfor granted that the American Cyanea, like Aurelia, passes
through the attached phase of its life history close to tide mark only, this being
the case in European waters where thelarvse are described as attaching themselves
to stones, seaweeds,etc., along the strands where their parents are cast up by wind
and wave in the storms of autumn (Damas, 1909). So far as I can learn the scy
phostoma stage of the American form of Cyanea has not been found at liberty in its
natural surroundings, but the fact that the newly liberated medusse have often been
found in partially inclosed waters-e-e. g., Woods Hole Harbor-and the facility with
which the young can be reared from egg to medusa in the aquarium are sufficient
evidence that at least a large part of the stock of Cyanea inhabiting the Gulf of
Maine is produced in very shoal water. On the other hand, the presence of the
youngmeduses on Nantucket Shoals, where we saw many very small ones only one
half to 1 inch in diameter floating by the Halcyon while tagging codfish on April 23,
1923, and over the western, northern, and eastern parts of Georges Bank.where spec
imens 2 to 4 inches in diameter were plentiful on July 23, 1916 (stations 10347 and
10348), and August 13-20, 1926, proves that this medusa is equally able to pass
through its scyphostoma stage in depths of from 30 to 70 meters.
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We have never taken Cyanea smaller than 2 inches in diameter out in the open
gulf,except as I have just noted; but by the time they have passed that size and
have scattered farther from their birth places in shoal water, we have either cap
tured them or seen them floating on, the surface on many occasions and at many
localitites in the gulf. Not only is Cyanea a familiar object to fishermen, for it often
swarms in the more open bays from Cape Sable to Cape -Cod, though never-in our
experience in the river mouths and other estuarine and slightly brackish situations
where Aurelia so abounds (p. 362), but it is dreaded by' swimmers with good cause
because of its venomous tentacles. On July 29, 1921, for example, hundreds of per
sons suffered more or less irritation of the skin from touching red jellyfish while
bathing atNantasket Beach near the mouth of Boston Harbor," and the tentacles
retain their irritating power for some time after the .medusee strand on the beach.

Most of our locality records for Cyanea (fig. 100) have been from within or
at most only a few miles without the 100-meter contour, which. corresponds to
its neritic nature. It is universal all around the coastal belt of the gulf,the ab
sence of definite records along western Nova Scotia mirroring the fact that we have.
made no summer hauls there and not a scarcity of Cyanea. No doubt its range
also covers the whole of .Georges Bank, though the western part of the latter seems
more prolific in Cyanea than the eastern. The Grampus found rather small speci
mens (2 to 4 inches in diameter) so plentiful on July 23, 1916 (station 10348), that
one half hour's haul with the l-meter net at 30 meters depth yielded 3 gallons of
them. It is probable that Cyanea also occurs on Browns Bank, though we did not
chance to find it there on our June and July visits. IOO

Cyanea.shows little tendency to drift out into deep water. in the northern and
northeastern parts of the gulf east of Cape Elizabeth, but we have taken (or seen) it
at several stations well out in the basin off Massachusetts Bayand thence south
ward toward Georges Bank, its distribution agreeing in this with that of other neritic
animals as well.as with the general distribution of salinity. The presence of a consider
able number of rather small (2 to 3 incheslOyanea floating over the deep basin in longi
tude 670 30'W., some 15 miles north of Georges Shoals on June 25,1915, is likewise
worth noting, though it is not clear whether they came from the neighboring bank
or from Cashes Ledge to the north, which is likewise shallow enough to serve asa
nursery for this jellyfish. There is nothing in our records to suggest that Cyanea
disperses any more. widely over the' central portion of the, gulf in autumn than in
summer, and although it is so widespread in the peripheral zone .of.ithe gulf. and so
plentiful at times near shore, we have never found it in .any. abundance more than
a few miles outside the outer headlands except on the offshore banks as just noted.

Cyanea hugs the coast of the Gulf of Maine much more closely than it does the
Norwegian coast, where it may drift-as much as 250 miles out to sea with the current
by September (Damas, 1909).We found Cyanea similarly restricted to the coastal
zone within' theilOO-meter contour from, New York southward to Chesapeake Bay
during our summer cruises of 1913 (a warm Year) and 1916 (a cold year) (Bigelow,
1915, p. 318; 1922;.p. 159).

Ii This event was widely reported In tlie daily press.
100For the offshore records for Cyanea see Bigelow, 1914, p. 124; 1915,p. 316;and 1917,p. 303.
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It has long been known that Cyanea, like other largemedusse, .often acts as a
nurse to young fish, especially to gadoids, which live beneath the bells and follow'
them in their wanderings, In north European .waters, where Cyanea often swarms
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well out at sea, this seems to be the chief means of dispersal for the· young of the
Whiting (Gadus mertangus}' Damas, 1909a). .A. large proportion.' of' the European
records for the pelagic young of the haddock have also been of specimens taken in
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company with these medusse, and young cod have also been found associating with
them. We have found young haddock in company with Cyanea on Georges Bank
on one occasion (July 23, 1916, stations 10347 and 10348), as has Huntsman (1922,
p. 20) in the St. Andrews region in the Bay of Fundy, but Cyanea is so closely re
stricted to the neighborhood of the coast and to shoal water in the Gulf of Maine
that it can hardly playas important a role there as in the northeastern Atlantic and
North Sea region, unless it be over Georges Bank.

Young butterfish iPoronotue triacanthus) also commonly shelter under Cyanea
off the coasts of southern New England (Goode, 1884), but they have not been seen
following this habit north of Cape Cod.

The large Cyanea must be extremely destructive to copepods and other plank
tonic animals, which may usually be found entangled among its curtainlike lips.

Aurelia aurita (Linn(;)

The genus Aurelia is probably more nearly cosmopolitan in the coastal waters of
all the great oceans than any other neritic medusa, for it is known from Arctic to
Tropic latitudes, both in the Atlantic and in the Pacific, as well as from the Indian
Ocean. Several supposedly distinct "species" of Aurelia have been described, but
it becomes increasingly probable, as one collection after another is examined, that
most of these names have actually been given to variants of one wide-ranging Aurelia
the A.. aurita. This, I believe, is certainly true of the Aurelias that inhabit
north European seas, on the one hand, and the American side of the Atlantic from
Labrador to the West Indies, Cuba, and Gulf of Mexico, on the other. It still
remains an open question whether the Aurelias of west Greenland, the northern
shores of Alaska, Bering Sea, the Sea of Okhotsk, and northern Japan, which are
separable from the typical aurita of boreal-Temperate and Tropic seas by a very com
plex anastomosis of their canal systems, are actually a distinct species or merely a
variety of aurita.1

The multitudes of this large white jellyfish which annually appear aiong the
coasts of New England, New Brunswick, and Nova Scotia are familiar to every fisher
man, yachtsman, and summer visitor and have often been commented on.' Indeed,
it is lucky they are not venomous to man, like their larger relative Cyanea, or bathers
would be driven. from our beaches during the Aurelia season. It is characteristic of
Aurelia to appear suddenly in lines or windrows, often miles in length, as where two
tidal currents meet. On such occasions, in calm weather, their shadowy forms can be
seen shimmering as far down in the water as the eye can penetrate, while the white
genital rings stand out conspicuously on the translucent bodies of those. near the
surface. They are often cast up on the shore in heavy weather, to lie in piles. When
swarming, it is not unusual to find variants from the normal type.s

To illustrate how generally Aurelia occurs along the shores of the Gulf of Maine
(fig. 100), I may note that we have encountered it in multitudes in Yarmouth Harbor

'The Interrelationships or the various Aurelias have boon discussed recently by Mayer (1910), Kramp (1913b), and by the
author (1913, p, 98).

I L. Agassiz (1862, pp. 75 to 78)basgiven II graphic account or the habits or Aurelia In Massachusetts waters.
I I find In my notes that on the evening or July 23, 1912, we "saw one with seven, one with six, and two with five genital

rings," the normal number being rour, while watching them float by the Grampm lying at anchor at Kittery, Me.
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(Nova Scotia), about Eastport, in Passamaquoddy 'Bay, at Grand Manan, about
Mount Desert Island, in Penobscot Bay, in Boothbay Harbor, at the mouth of the
Kennebec River, in Casco Bay, near Cape Porpoise,in Kittery Harbor, about the
Isles of Shoals, in Gloucester Harbor, at many localities and on' many occasions in
Massachusetts Bay, and off Cape Cod, while I have no doubt that Aurelia may be
found in season in every bay, harbor, or river mouth and all along the coast line from
Cape Cod to Cape Sable. The localities marked on the accompanying chart fail to do
justice to the universal distribution of Aurelia in the coastwise waters of the Gulf
because most of our cruises andtowingshave been carried on outside the outer islands
and headlands, whereas Aurelia is most plentiful and appears most regularly, in more
or less inclosed estuarine waters and bays.

Although Aurelia is so universally plentiful along the coast line of the gulf, it
seldom strays more than a few miles offshore. We have only two records of it more
than 15 miles from the nearest land, and only one more than a mile or two .outside the

. 100-meter contour (fig. 100).4 Thus its distribution is more strictly coastwise than
that of thered jellyfish (Cyanea, p. 357);

-The lack of locality records off western Nova Scotia is not due to any local scarcity
of Aurelia (for I have seen it in abundance in Yarmouth Harbor in August) but
merely reflects the fact that we have occupied no towing stations close in to this part
of the coast during its annual season of plenty.

To emphasize more strongly how closely Aurelia is bound to the coast in the
Gulf of Maine, I need only add that whereas it was frequently seen floatingon the
surface or taken in our tow nets during July and August of 1912, when we did much
of our cruising close in along the shore,we saw very few in the open gulf (all of them
near land) 'in July or August, 1913, when we worked mostly outside the 100-meter
contour. We had only one specimen during our summer cruise of 1914, when the
stations were located well out in the gulf, though Aurelia was plentiful enough
during both these summers in bays and harbors. We have not found it on Georges
Bank or on Browns Bank, nor has it been recorded from either, though the former
is an important center of production for Cyanea (p. 359). Neither is there any
record of Aurelia over Nantucket Shoals, although the proximity of Nantucket
Island suggests that it will be found there.

The facts of distribution just outlined make it certain that in the Gulf of Maine
the attached stage of Aurelia is invariably passed in very shallow water, probably
never deeper than 20 meters or so. In fact, many of its planules are set free along
the tide mark where their parents are cast ashore by the autumn gales. For this
reason as well as because of its large size this medusa is perhaps the most trust
Worthy indicator of coast water in the Gulf of Maine.

Thanks to the definite seasonal periodicity of its occurrence and to the ease
with which its early stages may be raised in aquaria, the life history of Aurelia is
well known; in fact time has added little but corroboration to Louis Agassiz's (1860
and 1862) account,apart from the details of egg cleavage, histology, etc., which
need not concern us here. The course of its life is, briefly, as follows: 5

I For the offshorerecords, see Bigelow,1914, p. 124; 1915, p. 316; 1917, p. 303.
• Mayer (1910, p. 626) givesan exoellentaccount 01 the development 01Aurelia and 01the different Ways In which the lormatlon

01the gastrula has been dcscr!bed. .
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After fertilization the developing eggs remain in small pouches .along the free
margins of the mouth arms, where, by total and, unequal segmentation, they form
first a blastula, then a gastrula, and finally a ciliated pear-shaped planula. These
planulre, which swim actively, are shaken loose from the mouth arms of the parent,
often accidentally by the stranding of the latter on the beach, and settle to bottom,
where they become attached by the wide (anterior) end, to develop 'into the II soy
phostoma," which finally grows to a height of about 4 millimeters with 24 tentacles.
The" scyphostoma" then produces as many as 12 disklike "ephyrre, ','as the young
medusee are called, cutting them off by a series of annular constrictions.

In the northern part of its range one generation of Aurelia is produced each
year, the winter being passed in the scyphostoma stage, and the young medusre
appearing later and later in the season from south to north, corresponding to the
difference in, temperature of. the water with the latitude. Thus Bumpus (1898 and
1898a), Hargitt -(1905 and 1905a), and Fish (1925) have found both the ephyrreand
the slightly oldermedusee near Woods Hole from March to May. Many have grown
to a diameter of 1 to 2 inches there by April (Mead, 1898) and to.4 to 5 inches by
mid May,e butfew if any Aurelia appear in Massachusetts Bay before May (wefound
none there duringthat month in 1915 or in 1920), and it is not until July that they
attain their full size of 6 to 10 inches north of Cape,Cod.

According to Louis Agassiz (1862, p. 76), the Aurelia off Massachusetts become
sexually mature late.in July and through August, which I can corroborate, having
found the mouth arms of alllarge adults examined at that season laden with develop
ing eggs and planulse. No doubt they continue producing young from that time
onward, through September and October, until they are destroyed by the autumn
gales, which seems. to be their normal fate. According to Mayer (19JiO), Aurelia
does not mature untiLSeptember in the, Eastport region, but I have never seen
nor heard of one in the Gulf of Maine after October.

It is probable that the breeding season of Aurelia and the seasonal succession of
its generations are not so definite in the warmer parts of its range, for. I 11ave seen
large specimens in April in Santiago Bay, Cuba (according to Mayer (HUO) .Aurelia
matures in May at the Tortugas, Fla.), others collected in Barataria Bay, La.,
during the last week in September, and half-grown individuals taken in .the Indian
River, Fla., as late as the second week of December.

Other Scyphomedus~

Only one other scyphomedusa (PhaceZlophora ornata) has yet been reported.from
the inner parts of the Gulf of Maine, and it has been reported so seldom that nothing
can yet be said of its distribution, either seasonal or geographic, except that it must
be very rare there because it grows to so large a size (up to 18 inches in diameter)
that it would be a very conspicuous object if abundant. It has a very wide dis
tribution in latitude, for Browne (1908) has reported a Phacellophora, indistin
guishable from the Gulf of Maine species, from the South Atlantic off Montevideo.
'l'he recorded captures in the gWf are Eastport, three specimens, 1868 (Verrill, 1869);

I An occasional ephvreofAureliahas beenfound at Woods Holeas late In the season lIS mid June. Fish (1925) nes alsoreo
ported Its ephyrw there In late summer and early autumn, but It Is doubtful whether this second brood survives the winter•.
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Eastport, one specimen, summer of 1885 (Fewkes, 1888, p.235) i and Western Basin,
March 24, 1920,200--0 meters; Albatross station 20087.

Dactylometra quinqueci'l'1'ha, a southern species, is fairly common as far east and
north as the Woods Hole region, but has never been taken past Cape Cod.

The bathypelagic Periphyllahyacinthina has been credited to Georges Bank."
Actually, however, the specimens in question were taken off the southeast slope of
the latter well out beyond the 500-meter contour (Smith and Harger, 1874, p. 52,
as "Oharybdea hyacinthina"). Pelagia cyanella and the large tropical rhizostome
Stomolophus meieaqrie have been reported i,ust outside the 100-meter contour south
of Marthas Vineyard (Fewkes, 1886, and Hargitt, 1905a), and the cruises of the
Albatross from 1883 to 1885 yielded a considerable list of tropical and bathypelagic
scyphomeduses (including Periphylla). outside the edge of the continent abreast of
the Gulf of Maine (Smith and Harger, 1874; Verrill, 1885iFewkes, 1886). How
ever, except as just noted, none of these have ever been taken inside the 500-meter
contour off the offshore banks of the gulf or within the latter.s

CTENOPHORES

Pleurobrachia pileus (Fabricius)

From the economic standpoint the ctenophore Pleurobrachiapileu8 g is the most
important pelagic coelenterate inhabiting the Gulf of Maine, for not only is it ex
tremely voracious and locally abundant beyond all computation, but it is present
there throughout the year, not for only a brief season annually;' as are Aurelia
(p. 362) and Cyanea (p. 357).

The abundance in which Pleurobrachia appears in Massachusetts Bay and
elsewhere along the New England coasts in summer and early autumn has often
been referred to in literature, but practically nothing was known of its occurrence
in the gulf at any other season until the recent systematic exploration was under
taken. During March and April (which is a natural starting point in the seasonal
history of any planktonic animal, being the time when vernal warming makes itself
felt) we have found Pleurpbrachia occurring very generally all around the periphery
of the gulf from Cape Cod to Cape Sable (fig. 101), but so closely confined to shoal
water that we took it only twice outside the 100-meter contour in the inner parts
of the gulf in 1920 and not at all in the basin of the gulf except for the extreme north
eastern corner. Nor did we find it on Georges Bank at any of our February, March,
or April stations, though it was plentiful on Browns Bank on March 13 (station 20072)
and again on April 16 (station 20106). . .

Our experience in 1915 suggested that Pleurobrachia remains confined to the
shoal periphery of the gulf until well into May, if not later, as I have previously
noted (Bigelow, 1917, p: 304), but we found it in abundance on the southwestern
part of G;orges Bank and less plentifully off the seaward slope of the latter on the
17th of that month in 1920 (stations 20128 and 20129), where there had been none

.' I fel1ln.to this err(lr~¥sell(Bigelow, 1914b,p, 27). .. .
I flee also page 67 'fo·r a list (If bathypelaglc medusee from our outermost station off Shelhourne, Nova Scotia, Mar. 19, 1920

(station 20077),' lind page M.for troplcli\'coolenterates at tho outer station ott Georges Bank, July 21,1914 (station 10218).
I For a des~rlptlon, with beautiful figures of the adult, see L. Agassiz, 1849. ,Mayer (1912) gives a more' recent account•

.,. ".: r: .;',.... ,
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in February, It extends its range offshore in the .gulf during the following months
until in midsummer and early autumn it is to be. expected anywhere north of a
line Cape Cod-Cape Sable; both near land and over the deep basin,and with no
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decided preponderance of the locality records in one side of the gulf or the other.
We have found no Pleurobrachia in the southern deeps of the gulf, in the eastern
channel, or over the eastern half of Georges Bank at any season, and the May sta-
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tion (20129) just mentioned is our only record-for it as far outat.sea as the con-
tinentalslope. , ",

A.. Agassiz ,(1865); describes.:Pleurobrachia .as abundant within Massachusetts
Bay in September; In October we have.taken.it-off Cape. Cod, off Penobscot Bay,
near Mount Desert Island, and off Machias, Me. (Bigelow, 1917, p, 304, stations
10323, 10327, 10328, and 10329), and in Massachusetts Bay and over the western
basin abreast of Cape Ann in November {Bigelow, 1914a,p. 403, and station 10401,
November 1, 1916). During .the last days: of December and first weekin January
of the wiIiterof 1920-21 (Halcyon stations .10488, 10491, 10492, 10497, and 10501)
it occurred at the mouth of Massachusetts Bay, off Cape Cod, in Ipswich Bay, near
Mount Desert,andclos'e to Yarmouth, Nova Scotia, our failure to find it at any of
our offshore stations on. this last cruise Suggesting that its .area of distribution in the
gulfcontracts to the coastal zone as winter advances.

Thus, although Pleurobraohia does not depend on the bottom at any stage in
its development, it is more neritic.than oceanic. in the Gulf of Maine, just as it is
over the continental shelf south and west of Cape Cod (Bigelow, 1915, p. 320).
This is equally true of it in other seas as well, for a,lthough it ranges from the Antarctic
Ocean on the south to.Spitzbergen on the north (it is not a reguIarinhabitant of
true polar water) and occurs in waters varying as widely in salinity as the Mediter
ranean, on the one hand, andthe~innerpartsoftheBaltic, on ..the other (Kramp,
1913), it-is chiefly confined to the general neighborhood: of the land or of the coastal
banks and has seldom been taken on the high seas far from the 'coast' (Mortensen,
1912,p.73). " .

The region of'GernianBankand: the shoals west of Nova Scotia out to
the 100-meter contour generally are the chief and the. only constant center of
abundancefor Pleurobrachis within the limits afthe Gulf of Maine. Whether.in
March, April, .May; June, ,August, September; or in January, we .have invariably
found these ctenophores.vcitber large or -small; swarming' there, except that on
August 14, 1912, when it abounded atone: station (10030), only a few were taken
at another close at hand (10029). '

We have also seen it in great abundance about Grand Mananin August and
have found it numerous off Seguin Island .both in August, 1912 (station. 10040),
snd.inMarch (March 4, 1920, station 20058). ;:Richcatches have also been made
in Massachusetts Bay in summer and autumn; likewise on April 20, 1920, when
Pleurobrachiamonopolizedthe water to the exclusion of almost everything else at
a station (20118)'in Cape Cod Bay, but when the swarm of these .ctenophores ,Was
limited to an area so narrow that few of them were taken that same day at a station
30 miles to the northward (station ,20119); where they were replaced by a com..
paratively plentiful Calanus .community; The waters over Browns Bank. likewise
supported arr.abundance ofPleurobrachia in the spring of 1920, but we have not
found it there on-our.visits in June.andJuly.

Our records do not suggest that any. definite ebb and flow takes place in the
numbers-of Pleurobrachia.existant in the Gulf from season .to: season. There may
be a general impoverishment in autumn and winter, but if this actually .occurs the

75898-26-24
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local stock is fully reestablished by the first weeks of spring when (judging from
the year 1920) Pleurobrachia may be fully as abundant locally as it is in summer.
Its appearances and disappearances are so sporadic, not only in the Gulf -of Maine
but also in European waters, where it is an equally familiar member of the plankton
(Kramp, 1913), that a long-continued series of records of its occurrence will be re
quired before its seasonal fluctuations can be outlined more definitely.

We have no satisfactory data on the absolute numbers in which Pleurobraehia
occurs in the Gulf of Maine, but obviously with so large an animal it requires only
a fraction as many individuals for the tow-net catches to be measurable by quarts
as for creatures as small as copepods to yield very moderate catches. Furthermore,
quantitative hauls often fail to afford a true estimate of the local abundance of these
ctenophores even when they are plentiful, for they are usually so streaky in their
Occurrence that the vertical net-may catch only a few (or even miss them altogether)
at a locality where the horizontal net with its longer journey through the water
takes them in multitudes. For example, the quantitative haul yieldedPleurobrachia
at the rate of only' 220 per square meter ofsea surface (less than 10 individuals per
cubic meter) off Yarmouth on April 13, 1920 (station 20102) ,although half an hour's
haul of the meter net at 25 meters brought back upwards of41itersof them, and a
net of 20 centimeters .diameten captured 1 liter at the surface. Again, in Massa
chusetts Bay on March 4, 1920 (station 20058),. the vertical net did not yields
single Pleurobrachia (though its catch otherwise showed it to be working properly) ,
whereas many 'hundreds were taken in the horizontal haul from 30 .meters,

Economic importance.-Pleurobrachia is an important factor in the economy of
waters where it abounds, chiefly as a destroyer of smaller planktonic animals but also
in some small degree as food for certain fishes. Wherever these ctenophores swarm
they sweep the water so clean and they are so voracious that hardly any.smaller
creatures can coexist with them. Copepods in particular are locally exterminated
in the centers of abundance for Pleurobrachia, though in their own turn they may
swarm nearby; and it is common to find these ctenophores packed with copopods or
with euphausiid shrimps and larval fishes ingested and partially digested.

There is-reason to believe, too, that Pleurobrachia is a serious enemy to the suc
cessful reproduction .of sundry fishes (e. g., cod and haddock) by feeding on their
buoyant eggs (p. 111), few of which can escape destruction in localities where cteno
phores are numerous..Indeed. it is doubtful if more than a trifling proportion of the
fish eggs of any sort that are spawned on German Bank can survive there, with
Pleurobrachia so plentiful in that neighborhood the year round. •In short, the .local
abundance of the latter may well determine the productivity or otherwise of any
-particular area in the Gulf as a nursery for gadoids or flatfish. Hence, it is fortunate
for the inhabitants of New England that the spawning ground for haddock on the
eastern part of Georges Bank seems practically free from Pleurobrachia. Neither
did we find it in any number on the haddock-spawning grounds .off Massachusetts
Bay in May, 1920, notwithstanding its-local abundance in the southern part of the
bay a few weeks earlier (p. 367), nor on the Isles of Shoals-Boon Island grounds in
April and May, 1913.
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Although Pleurobrachia can hardly be classed as an important food supply for
other animals, fish do prey on them more or less. In New England waters this applies
especially to the spiny dogfish (p. 105).

Alexander Agassiz, to whom we owe an excellent account of the development
of Pleurobrachia, found its eggs in Massachusetts Bay late in July, in August, and
in September, when, as he writes (1874, P: 359), lithe water round them is filled with
eggs floating a few inches below the surface," and when he took the earliest stages
after hatching. This, with our own observations, makes it certain that Pleurobrachia
is regularly endemic and breeds in large numbers in the Gulf of Maine, of which it is
as characteristic an inhabitant as OaZanus fimtnardiieue or Sagitta eZegans. But how
many generations are produced there per year is not known. The older view was
that there is only one, and that the product of eggs spawned in late summer and
autumn live over winter, to mature and spawn in their own turn the following slim
mer. The presence of large Pleurobrachia in winter and spring as well as in mid
summer and autumn, together with the various sizes of the individuals which go to
make up the different schools in different localities at any given season,' makes it
more probable that one generation succeeds another irregularly throughout the year'.

In spite of conclusive evidence to the contrary, assembled by recent studenta
of ctenophores, Pleurobrachia .has often been termed a northern, even an Arctic;
form in its occurrence off the New England coast. I must therefore reiterate that
this is not the case but that its regular range along the coasts of eastern North America
extends southward to Chesapeake Bay; in fact, nearly to Cape Hatteras in the cold
season, for I myself have found it plentiful in the waters of PamlicoBound in
winter.

On both coasts of North America Pleurobrachia grows much larger ineool water
(10° or colder) than in warm (Bigelow, 1915, p. 322; Esterly, 1914). Judging from
the large size (upwards of 30 millimeters long) and local abundance of Pleurobrachia
in the Gulf of Maine, the latter is as favorable an environment for ifas are the. colder
waters off Newfoundland and Labrador; and if numbers of individuals present can
be trusted as a criterion this applies equally to the coast water off New York and
New Jersey, where rather smaller individuals are so abundant in some summers, for
instance 1913, that they have been given a vernacular name (I'sago") by local
fishermen

Pleurobrachia is a creature of the upper strata of water, As Alexander Agassiz
(1874, p. 359) remarked long ago, they come to the surface wheneverit is smooth"
at all times of day; "they are found in the greatest number between the hours of 9
and 11 in the morning, and from 4 to 6 in the afternoon in the summer," which is a
common habit of this ctenophore in all parts of the gulf during summer and early
autumn. In August, 1912, for example, we made our largest catches of Pleurobra
chia at the surface; but they sometimes lie deep throughout the day in midsummer
and even in bright calm weather, as was the case on German Bank on August 12, 1913)
When we found no Pleurobrachia on the surface at 10 to 11 a. m., although a haul
from 40 meters yielded them in abundance. At other times of year this .ctenophore
occurs more regularly a few meters (say 20 to 30) down than shallower, as exemplified
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by the early spring of 1920, which corroborates Alexander Agassiz's suggestion that
Pleurobraohia abandons the surface in the cold season.

Caicliee of Pleurobrachia in 1920 1

Off Beguln Island u • u _

Off Cape Elizabeth " _

Near. Isles of Shoals" U"_u u uu u u _

Off Boston Harbor u __ u_u u_u u __

Br9wns Bank_u _u . u _

Off'SheillUrne, Nova Scotia mmm . u

Do_u u u. • u_

Do_u u _u . u _
, ,

Off Machias, Me u __ u u_u uu u_

orr Petit Manan__ u u u __ u __ uuu u __ u

Off Yarmouth, Nova Scotla mmm u uu _

orr Sea,lIsland, Nova Scotla m m m u_u

German Bank__ u--u_u : _

East side of basln u u __ u • _

orr northern Cspe O~d u u_um. u mu__

orr Cape Ann u u u u u_u u __ u _

Platts Bank u _

8: ~~:~:~~:~~:~:====== .:======================= ==~========= .:
orr Mount Desert u u u __

orr.Yarmouth, ·Nova Scotia. u_ u • __ ..

German Bank . u u _

orr Seal Island, Nova Scotia. h .m • ___

Browns Bank • u •__ c __., • ,.

E~!~:J~~~~~===:::::=:::=::::::::=::::::::::::=::::::::::
Oft"Merrimac Rlver._. _. u : __ •_. , u _

Southwest part of Georgeil Bank._ u __ u • u _
Continental edge • u __ u u __

20058 Mar, 4Isurface------------ None.30-0 meters__._____ Many.
20059 •__do.. surrace.,__.._.____ None.

6lHl__ ••• •• _._ Few.
20060 do_m_ surrsce, __ None.

00-0__ •• __ _ Few.
20062 Mar. 5 {SUrface ••• _ Many.

30-0_._...... •• Do.
20072 Mar. 13 Jsurface.----------. None.75-{l_•• __• ..._. Many.
20073 Mar. 17 Surface••••••• • None.

7lHl •••• __ ••• __• 35.
20074 Mar. 19 Surface, •• ••• __• None.

125-{l_••• •• _ Few.
20075 __ .do__•__ Surface•• ._ None.

30-0 _. Swarm (2Ilters)
20080 Mar. 22 Surface •__ •• None.

4lHl •••• __ ••• __ Many (1 liter) •
20081 Mar. 23 Surface_••__ •• _.. _. None.

14lHl __ Occasional.
20083 __ .do_.m Surface_•• __ Do.

3lHl__ _...... Many (lllter)
20084 •• _do_m. Surface. __ __• Few.

3lHl __• Many.
20085 •• .do, Surface 100+.

6lHl•• _....__•__ ••• Do
20086 ...do,••• _ Surface............ None.

150--0...,.__•__ •• __ Few.
20088 Mar. 24 Surface._._. •• __ None.

75-{l__ •••••••_......Few.
20090 Apr. 9 Surface •• None.

60 (closing net).... Few.

20094 Apr. 10 {~~~:~===::::::: ~~:~.
20095 •__do.•• __ 6lHl__ 2.
20096 ...do, ••--lsurface••'.......... Few.35-{l ..... • Do.
20099 Apr. 12 Surface•••_••• None.

35-{l__ Few.
20102 Apr. 18 Surface , 12.

3lHl__ •••• __ •• Many.

20103 Apr. 15 {~~~~:::::::::::: ~,z::;".

20104 , ..do.i.:. t~~~_c_e__: __::::::::: ~~~ (4lltersl
20106 Apr. 16 Surface. __ .:__"_'" Few.

4lHl__ •• _. ._u_ Many.,
20117 Apr. 18 4lHl'. __ • Few.
20118 Apr. 20 15-{l_...._._••• _•• _ Swarm (6Ilters).
20119 •• .do__•__ ~Surface •••• :,__ •• _. None.

4lHl._. __ •__ •__ •• __ Few.
20122 May 8 surrsce,•••••• • None.

65-{l.__ ... ••••_•• Few.
20128 May 17 Surface •• ._ •• _. Many.
20129 •__do__•__ {SUrfaCe____________ None.

5lHl._. ._..... Many•

. I Forrecords of· Pleurobrachla from 1912 to 1916 see Bigelow, 1914,p. 126;1914a,p. 40a;1915, pp. 318and 320;1917,pp. 303and
3lMi 1922, p. 158. In the winter of 192Q-21 It WllS taken at stations 10488, 10491, 10492, 10497, and 10501. '

In most cases surface hauls alone would not have revealed the existence of the
local swarms ofPleurobraohia at these stations, but occasionally they are evenly
distributed downward through the upper 30 meters or so of water in the cold season,
ju.st as they often are in summer. On the other hand, this ctenophore seldom or
never sinks into the deepest strata of the gulf, a statement justified by its absence
over the basins as well as by the fact that most of our records and all the richest
catches have been from hauls no deeper than 30 to 50 meters.

Since Pleurobraehia is present in the Gulf of Maine throughout the year, it
necessarily experiences a wide range of temperature and salinity there, On the one
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hand, its habit of rising to the surface on warm summer days brings it into water of
16° and upward, while, on the, other, it has been taken in the gulf in water aa.cold
as 2.5°, and there is no reason to doubt that it can survive the minimum to which the
temperature of any part of the gulf ever chills. Nor is it surprising to :find it in
extremes as wide apart as this, for the species is practically eurythermal in its geo
graphic distribution (p, 369). As I have previously pointed out (Bigelow, 1915,
p. 323), its optimum salinity in North American waters is from about 32 per mille to
about 34 per mille, but since it lives in decidedly more saline water in the North
Sea regfon its absence from the saltest water of the Gulf of Maine does not mean
that high salinities are unfavorable to it but is due to its neritic habit and to itS
preference for the uppermost stratum of water., , ,"

It is not unlikely that the vertical movements of Pleurobraehia are influenced'
by the density of the water in which it lives.10 Although there does not seem to
be any connection between the occurrence of Pleurobrachia and density within a
range of 1.022 to 1.026, we have never found it (probably it can not float or swim)
in water lighter than 1.022, seldom, indeed, in specific gravity lower than 1.023.
On the other hand, the presence of Pleurobrachia has never been established in water
heavier than 1.027 in the Gulf of Maine or anywhere off the coast of North America,.
which may explain its failure to sink into the heavier bottom water of the deep basin
of the gulf.

Mertensia ovum (Fabricius)

, This cold-water ctenophore, so abundant in Arctic seas (Mortensen, 1912) and
especially along the eastern coasts of La.bra~or and Newfoundland (Bigelow, 1909a),
reaches the Gulf of Maine only as an immigrant from the north and is short vsd
there. Its faunal status being discussed elsewhere (p. 59), I need only add that
recent records of it in the gulf are confined to spring and early summer at the follow
ing.looalities and dates:

Eastern basin, May 6, 1915 (station 10270), in surface, 5o-o-meter, and 150-0
meter hauls, a total of about 20 specimens; near Lurcher Shoal,May 10, 1915
(station 10272); off the mouth of Penobscot Bas, June 14, 1915 (station 10287).
It is present through a longer season off southern Nova Scotia, for we have taken
it along the Shelburne profile both, in March, 1920 (stations 20075, 20076, and 20077),.
and in June, 1915 (stations 10291 a:nd 10294);.and off Halifax in August (Bigelow;
1917, p. 249). During some years It appears In the Gulf of Maine in autumn, for
Alexander Agassiz (1865, p. 29) records it as "exceedingly common in Eastport
Harbor during the month of September," a record indisputable because of his excel-·
lent figures and description. Fewkes (1888, p. 212) similarly speaks of it as "the
Common tentaculated ctenophore" at Eastport and at Grand Manan during the
SUmmers of 1885 and 1886,but his failure to mention Pleurobraehia, which is actually
so abundant there, suggests the possibility that he confused the two genera.

Large Mertensia are unknown south of Massachusetts Bay,and indeed only
one adult has been taken even there (A. Agassiz, 1865), but its young may travel
as far west and south as New Jersey during the cold season (Mayer,1912).

10 Rose (1913) has experimented on the flotation of this ctenophore In waters of varying densities
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Botrnopsts infundibulum 11 (Milller)

,"This boreal-Arotlc ctenophore is one of the most familiar of pelagic animals
along the New England coast, for, as Alexander Agassiz remarked (1865, p. 15),
Ii there ishardly a more common medusa than the Bolina alata on our coast." It is
equallyab~dant off Newfoundland and Labrador, in Arctic seas generally, and south
wardto Norwa;Y and Scotland in the eastern Atlantic.
, Unfortunately, Bolinopsis is 1;10 fragile that the specimens' captured by the

tow net are usually reduced to a mass of unrecognizable slime among t4e other
plankton, hence our hauls throw no light on its occurrence in the Gulf of Maine.
However, wehave observed it often enough from the deck of the vessel (for it is a
conspicuous and beautiful object at the surface of the water on the calm days so
common in July and August) to show that it is to be expected anywhere in the,
coastal waters of the gulf., It occurs over the deep basin as well (fig. 95), though
there we have observed it but rarely (on Georges Bank not at 8011).12
. ,Ourearliest spring record for Bolinopsis is May 6 (station 10270), but L. Agassiz

(1849) records its presence in Massachusetts Bay in March and April. It is most
abundant'during the three months July to September, when, like previous observers,
I have seen it in numbers in various bays and harbors from Cape Cod to the Bay
of Fundy. : It apparently disappears after September, for we have no late autumn
or winter records of it anywhere in the gulf.

Bolinopsis, like Pleurobrachia, reproduces regularly and abundantly in the gulf.
A.Agassiz 1S (1874)found it spawning in late summer and early autumn. Thisbeing
the. only season when large specimens are to be found in the gulf, probablybut one
generation is produced there annually.

Beroe cucurnts FabriciUS 1t

Beroe cucumis is as typically oceanic as Aurelia and Cyanea are neritic, and
correspondingly it occurs over the basin of the gulf generally as well as in its.coastsl
zone (fig.102), instead of being chiefly restricted to the latter like the various medusee
that pass part of their lives attached to the bottom. Beroe seems first to have been
reported in the Gulf of Maine in 1849, when L. Agassiz noted the OCCUITence of the
genus (as tI Idyll.II) at Nahant and on the shores of Massachusetts. Bay (L. Agassia,
1849, p. 365). In 1852 he saw it in numbers in Provincetown Harbor in August, and
he writes (1860, p. 272) that in 1858 u it appeared in such quantities upon our coast
during the whole summer that at times it would tinge extensive patches of the
surface of the sea with its delicate rosy hue during the warmest part of the day."

By1860 he had'established the presence of Beroe from Cape Cod to the Bay of
Fundy, and more recent students have found it common all along the New England
coast in summer. Being practically cosmopolitan in all oceans-'l'ropic, Temperate,

11 Beautifully pictured by L. Agllll8lz (1849).
12 For offshore records trom 1912 to 1914 see Bigelow, 1914, p. 126; 1915, p. 316; and 1917, p. 303•
•• A, ,Agassiz (1865 and 1874) describes and figures stages In Its development.
11 Probably this Is the only species 01Beroe which occurs In the gull; at any rate all Qull of Maine specimens examined so far,

which have been In condition good enough to show critical characters, have proved to belong to It. For general accounts 01the
genus, of the Interrelationships and general distribution 01Its several members, and 01its development see A. Agllll8lz (1874), Mayer
(1912), and Mortensen (1912);
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as .well as Aretic-c-indifferently on the high seas and in such inland waters as .the
Baltic (Mortensen, 1912; Kramp, 1913), Beroe eucumis was to be expected in-the
centralparts of the Gulf of Maine as well as in its coastal belt: but.it was only with
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the inception of the present explorations that definite information of its presence
and distribution there was obtained, ,

Our locality records for Beroe (fig. 102) show that it is universal-in the gulf north
of Georges Bank, with the actual captures distributed indifferently over the deep
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ba:sin and the shoalercoastwise zone, except that we ha-venot found it over the coastal
banks along western Nova Scotia-c-thatis, German Bank and near Lurcher Shoal.
It is probable, 'however, that we have simply missed itthere.: The concentration
of records in the Massachusetts Bay region, if anything more than accidental, sug
gests that this is the chief center of abundance for Beroe in the Gulf of Maine.'!

Our experience has been that it is a rare event for Beroe to appear in large
numbers anywhere in the open gulf; in fact, ourtow nets have seldom yielded more
than 15 or 20 at any station-a population quite insignificant as compared with the
swarms of Pleurobrachia so often encountered-e-while a large percentage of our
records of Beroe have .been based on one or two specimens each or on broken frag
ments. Our failure to find a single Beroe on Georges Bank, either during the cold
season (February to May, 1920) or the Warm (July, 1914 and 1916) is difficult to
account for when it occurs so nearly universally in the basin a few miles to the
north, is not rare on Browns Bank to the east, and has been taken repeatedly along
the continental shelf farther west and south. Certainly the shoal water over the
bank can not be responsible for its apparent absence there, for Beroe is common at
still shallower localities inshore-for instance, at Provincetown Harbor and in
Massachusetts Bay-nor is there anything in temperature or salinity to suggest
that the physical state of the water on the bank is locally unsuitable for it. Nor
is our failure to find it over German Bank on any of our several visits to that locality
less puzzling, for the local swarm of Pleurobrachia would serve Beroe as food instead
of preying upon the latter, as they do on the sundry crustacean members of the
plankton.

According to L. Agassiz (1800) the earliest specimens of Beroe appear in Massa
chusetts Bay early in July, when they are only 1 to 172 inches long, to grow there
to three or four times that size by August. Corresponding to this time-table,
Alexander Agassiz (1874) found them spawning from July or early August to early
September, and took the young stages, from egg to fully formed Beroe, during that
same season. Not all of the adults are destroyed by the September storms, as L.
Agassiz supposed, for a tow in the western basin on November 1, 1916 (station
10401, 80-0 meters) yielded many fragments of Beroe with turgid sexual organs,
and the 75-0 meter tow off Gloucester, December 29, 1920 (station 10489), brought
back parts of one which must have been 40 to 50 millimeters high when alive-that
is, it was large enough to be mature. Thus it is evident that Beroe breeds more or .
less regularly until well into December off Massachusetts Bay (probably in other
parts of the gulf as well), and it is certain that a few mature and breed there during
the later winter, for we have taken very young specimens less than 10 millimeters
long at several stations in various parts of the gulf in March, April, and May."
The fact that most of the Beroe that have been taken in the gulf between November

11 For locality records for 1913and 1914see Bigelow,1915, p. 316.and 1917,p.303. It was also taken (or seen floating) at statIons
10002,10006.10007.10009,10011,10012b, 10019.10023,10036,10040. 10043,and 10047In 1912; at stations 20044,20050,20052,20053,20055,
20056,20067,20068,20071.20079,20081. 20086, 20087,20086, 20097.20105. 20112. 20114, 20115. 20118, 20119, 20126, and 201211ln the sprIng
of 1920; and at stations 10488,10489.10491,and 10494during December, 1920,and January, 1921,. ,

16 Center of gull, Mar. 3, station 20053; off Mount Desert Rock,Mar. 3, station 20055; between Mount Desert Rock and Mount
Desert Island, Mar. 3, station 20056; southeast slopeof Georges Bank, Mar. 12, station 20067; 'Browns Bank, Mar. 13, stntlOIl
20072; Fundy Deep, Mar. 22, statIon 20079; northern channel between Browns Bank. and Cape Sable, Apr. 15, station 20105;
southeastof Cape Cod, May 17, station 2012ll; and on the southwestslope'ofGeorges Ba,nk, May 17, station 20120; all in 1020·
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and May have been small (15 to 20 mm. long) and immature-that is, were the
product of the spawnings of the preceding summer and autumn-is evidence! that
no considerable production of this ctenophore takes place In the Gulf of Maine during
the cold half of the year, and it is probable that the coming of spring sees the
stock of this ctenophore at its lowest ebb for the year in all parts of the gulf.
. BeroesSf) millimeters long and upwards, such as we have taken in mid-April in

Massachusetts Bay (station 20119), may be expected to grow so rapidly under the
favorable conditions of food supply and temperature prevailing in Mayas to attain
spawning size in June or early in July at latest. It is probable that the few that spawn
in winter are the offspring of these early summer spawners, the development of those'
produced in late summer and autumn being arrested by the low temperature of
winter,' so that they do not mature until the following summer. Thus, particular
groups of Beroe may produce either one or two broods per year, according to the
rapidity with which they grow and the season at which they mature; and while the
chief production takes place from July to September, probably some spawn at all
seasons except perhaps in early spring.

It is worth emphasis here that A. Agassiz's studies on the development of this
ctenophore, corroborated by our own captures of its young in almost every month
and at localities widely scattered, prove that Beroe is regularly endemic in the. gulf,
hence that the maintenance of the local stock depends chiefly on local production
though it may be recruited more or less by immigration.

Recent captures of Beroe support the suggestion made by Louis and Alexander
Agassiz that it passes the winter at some little depth, for only 4 of our records for the
cold half of the year (November to April) out of a total of 30 (and these for occasional
specimens only) were from the surface, with one other from a 15-meter haul (Cape
Cod Bay, station 20118, April 20, 1920). All our other winter-early spring captures
of Beroe have been from depths of 40 meters and more. It may sink to a con
siderable depth in the Gulf during the cold season, for we. took it with theclosing net
at 140-160 meters, and at 125-190 meters in the central part of the basin, March 2
and 3, 1920 (stations 20052 and 20053).

In summer Beroe frequently comes to the surface, most often during the midday
hours, to sink again toward the end of the afternoon. This habit, long ago described
by Louis Agassiz (1860) as well as by more recent authors, has repeatedly come under
Ourown observation on the Grampus, notably during July and August of 1912, when
We frequently sa,wlarge specimens of this ctenophore floating alongside the ship,
usually in calm weather. On stormy days Beroe lies deeper, probably sinking below
the limit of destructive wave action, and it is frequently taken at depths of 40 to 100
meters, summer as well as winter. We have no evidence that this ctenophore ever
descends into the deepest strata of the Gulf of Maine at any season (a single Beroe
taken in a haul from 240 meters in the southeast part of the basin,July23, 1914,
station 10225, may have been picked up by the net on its journeydown or up).

The voracity of Beroe being commented on elsewhere (p. 108), I need only reo
mark here that it has been described as preying greedily on other ctenophores in the
Gulf of Maine, devouring Pleurobrachia and Bolinopsis whole if they are ~ot too
large for its widely distensible mouth to engulf, with digestive process so rapid that
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Other ctenophores
"

a large Bolinopsis is completely absorbed py a Beroe in four or five hours' time
(L.Agassiz, 1860, p. 274). Copepoda, .also, are often found in its digestive cavity.

Beroe, like all the other pelagic animals that inhabit the gulf throughout the
year and are widely distributed there vertically as well as horizontally, necessarily
experiences nearly the whole gamut of temperatures and salinities that prevail there
at one season 'or another; and although its habit of sinking in winter results (whether
voluntarily or not) in its avoiding the very coldest water, with 2 to 3° the lower limit
to its regular occurrence in the gulf, it has been found living actually among the ice
in,..the Arctic Ocean (Mortensen, 1912), apparently thriving, to judge-from the large
size of the specimens in question. Nor' does heat act asa barrier to its vertical migra
tions within the extremes normal to the gulf-witness how often. it comes to the
surface on calm days in summer and how abundantly it spawns.at that level at the
season when the gulf as a whole is at its. warmest. Beroe is equally catholic with
respect to salinity, except that it has not been found in the very freshest water of the
gulf at the time of the spring freshets-that is, in salinities lower than about 31 per
mille.

Although the siphonophores are well represented in the warm oceanic waters
off the continental slope abreast of the Gulf of Maine, only one member of this
group of oceanic crelenterates-Stephanomia cara-is .any thing but a rare stray
within the latter. It is probable that the low salinity of the gulf, as much as its
comparatively low temperature, makes it inhospitable to siphonophores, for, as I
have previously pointed out (Bigelow, 1911a, p. 381), they" are almost a negligible
factor in the plankton in waters with a' salinity less than 35 per mille" and "are
entirely absent when tho salinity is below about 30 per mille.t'a generalization that
applies as well to the North Sea region on the eastern side of the North Atlantic
as to North American coastal waters on the western.
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Ste:phanomia. ,cara (,A... Agassiz>

Although this siphonophore-is widely distributed in the gulf both in time and
in space, we know little more of its natural history or of its status in the economy
of the plankton than when Alexander Agassiz (1865) first recorded and beautifully
pictured young specimens of it from Massachusetts Bay; and although Fewkes
(1888) has since given a description and figures of the adult, it is still doubtful
Whether the "S. cora" of northern seas is identical with or distinct from the "S.
bijuga" of warmer latitudes. Unfortunately our Gulf of Maine collections can not
settle this question, because these very delieate animals are usually battered almost
past recognition in the tow nets j but the presence of a spherical red or yellow oil
globule at the base of each palpon (a conspicuous character first described by Fewkes
and visible in the least damaged of the Gulf of Maine series) is apparently peculiar
to the northern cara, and since cora grows much larger than its warm-water relative,
besides differing from it in minor anatomical details, it probably deserves recogni
tion as a distinct species. The relative ranges of the two-cara and bijuga-are
consistent with this, for while S. cara is common in the Gulf of Maine 17 we did
not find it along the coast south or west of Cape Cod during the summers of 1913
or 1916, the autumn of 1916, the winter of 1914 (Bigelow, 1918), or in February of
1920. On the other hand, the southern bijuga is not known to occur north of Key
West in the western Atlantic, which leaves a gap of something like a thousand
miles between the southern limit of the one and the northern limit of the other, as
now known. Similarly, there is a long gap between the most southerly known
record of the northern and most northerly record of the southern race or species in
the eastern Atlantic.

Just what relationship the S. cara of North American watersbeers to the Arctic
boreal Stephanomia of the northeastern Atlantic is also uncertain, no detailed account
having appeared of the specimens most recently recorded thence (Sloan, 1891;
Browne, 1900); but probably the two are identical; in fact, it would run counter
to all our experience of the northern pelagic fauna as a whole to find them otherwise.

During our recent cruises we encountered Stephanomia in the months of
January, March, July, August, September, and December, and at the various locali
ties indicated on the chart (fig. 103), but.it is not safe to base a definite statement
of its status in the gulf on these records, both because it is decidedly erratic in its
Occurrence and because its bells are so fragile that they are apt to be battered past
recognition by the other plankton taken with them in the tow nets.

Stephanomia may usually be found in one part of the gulf or another during
the summer months, but it can not be very generally distributed at that season,
for we have never taken it at more than a small percentage of our stations during
anyone summer's cruise. In 1913, for example, it was detected at three stations
only, once, however, in abundance (p. 19; station 10058). There are only four
records of it in the July and August towings of 1914; none for 1916. If the years
1920 and 1921 can be taken as representative, it is decidedly more-abundant and
Widespread during the winter, for it occurred at about half our December and Janu-

. . II Bome.Iong-stammed physophore, and probably this species, ranges northward as far as Lady Franklin Bay on the west coast
01Greenland (Fewkes, 1888a) and to Robeson Channel (Moss, 1878). _
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ary stations and again at four stations in early March, 1921; but it was detected at
one station only. (20048) in February, 1920, and-not at all during that March, April,
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FIG. 103.-0ccurrence of the siphonophore Stephanomla cara In the Gulf of Maine. e, locallty records, :rune through
November; O. December, January, and February; X, March through May

or May, in spite of the considerable number of tows, both horizontal and vertical,
made during that cruise. Neither did we find it in Mayor June of 1915.18

Ii For records of Stephanomla from 1912 to 1914, see Bigelow, 1914, p. 126 (as "Agalma elegam"); 1915,p. 316; and 1917,PP'
303and 306. Fragments tentatively referred to It were taken at stations 10488, 10489 to 10491. 10493, 10497, 10502, 10508, 10509, 10510,
and 10511 during the winter and early spring 011920-1921
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The obvious inference from this is that there is a winter maximum and spring
minimum for Stephanomia in the Gulf of .Maine; Other years might yield quite
different results, however, and it is questionable whether the concentration of
Stephanomia in the southwestern part of the gulf, suggested by the chart (fig. 103),
and its apparent rarity in the southeastern part and on Georges Bank,are any
thing' more than accidental, especially when we remember that the neighborhood
of Grand Marian is the only locality in the gulf where it has ever been found of
large size"(Fewkes, 1888). .

Alexander Agassiz's (1865) discovery of very young. stages of this species in
Massachusetts Bay in early summer is undeniable evidence that it breeds in the
gulf, but how regularly it does so from year to year, what proportion of the local
stock results from local reproduction and what from immigration, and what rela
tionship the fluctuations in the local stock of. Stephanomia bear to hydrographic
conditions are questions for the future.

Dlphyes arctlcl,t Chun

The faunal status of this species is discussed in an earlier chapter (p~ 64). The
Gulf of Maine records are as follows: Southeaatslope of Georges Bank, July 22,
1914 (station 10220); outside the continentaledgeoffShelbume, Nova Scotia,
June 24, 1915 (station 10295), and March 19, 1920 (station 20077); near Lurcher
Shoal and in the Eastern Channel, April 12 and 16, 1920 (stations 20101 and 20107).

.Other $lPho~ophores.

The occurrence of Physophora and Physalia is discussed above (p. 55). To
complete the record of the group in the Gulf of Maine.I have only to mention a
single Diphyes trumcaia 18 from the northeast slope of Georges Bank, July 22, 1914
(station 10220), a few more examples of this species from our deep stations off its
southwest face in February and May, 1920 (stations 20044 and 20129), and two
taken in the northeastern basin of the gulf off Grand Manan on April 12 of that
same year (station 20101). The beautiful Agalma elegans, so common in the inner
edge of the Gulf Stream and which sometimes even reaches the coast west of Cape
Cod (Fewkes, 1881), has never been taken within the Gulf of Maine."

PELAGIC HYDROIDS

In an earlier chapter (p, 33) the floating hydroids that we have encountered
over Georges Bank are mentioned. The records on which this observation is based
are as follows:

On April 14, 26, and 27,1913, campanularian hydroids were found floating on the
top of the water over the bank (Bigelow, 1914a, p. 414; lat. 410 37' N., long. 670

18' W., and about lat. 410 40' long. 68° 30'), some of the specimens being complete
that is, with all the ends of the stems rounded, closed, and apparently growing, as
Dr. S. F. Clarke reported on examining them. On the 9th of the following July

II For a discussion of this species see Bigelow, 1013, p. 73; 1018,p. 422; and Moser, 1013,p, 232.
10 Agalmld fragments taken during the summer cruIse of the GrampUB In 1012were provisionally referred to this species, but

SUbsequent study leads me to believe that they were In reality the common S/ephanomla cara (p, 878)
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our surface net took great numbers of them over the northwest part of the bank
(station 10059)., These were submitted to Dr. C. McLean Fraser for study, and
the reader is referred to his report (in Bigelow, 1915, pp. 268 and 306) for details.
It will suffice to say here that the catch of hydroids was not only considerable in
amount but included no less than 13 species, belonging to 4 families. Most of these
were represented by broken fragments only, or by colonies attached to bits of eel
grass (Zostera); but the hundreds of colonies of Olytia cylindrica (the predominant
species) were floating free of any support, and not only in a perfectly healthy state
as far as appearances go, but so completely regenerated that there were few or no
broken ends visible.

As it can hardly be supposed that these colonies had passed through their
whole development, from the planula stage onward, at the surface of the sea, the most
reasonable explanation for their presence afloat is that they had been torn from
their attachments on the bottom by the strong tidal currents and kept suspended
in the water by this agency. Finding a rich food supply in their pelagic surround
ings, with nothing fatal in such an environment, they regenerate, grow, and even
propagate their kind, as' appears from their development of gonophores. After all,
there'is nothing surprising in such a phenomenon, for it is II not unusual to find
fragments ofhydroid colonies torn from their support or from the rest of the colonies,
living fora considerable time as they float on the surface" (Fraser, 1915, p. 307).
Similar congregations of floating hydroids have been encountered thrice since 1913,
always on Georges Bank-viz., July 23,1914 (station 10224), July 23,1916 (stations
10347 and 10348), and February 23, 1920 (station 20047). Judging from the geo
graphical grouping of these stations (fig. 98) their place of origin is probably on the
shallows known as II Georges" and the II Cultivator" Shoals.


