PHYSICAL: QOCEANOGRAPHY OF: THE GULF: OF :MAINE pl3

AT ;h

Thls memoxr is the thlrd and ﬁnal part oi the general report on the oeeenogr,a,phlc
Sm‘vey of the Gulf of Maine! - ; . .
Key charts to. the, stations w111 be found m the precedmg pert of th1s vphrme
(Blgelow, 1926, figs. 1~ 9) the dates end posxtlons are. tabulated below,(p. 976) w1th the
Physmal da,ta, .
The chapter. on: hydrodynenucs has been mede poselble by Lxeqt Commmder
H Smlth’s collaboretmn R. Parmenter tabulated the physical , deta for the Fish
U«wk cruises,of 1925, collaboretmg -also in- ‘the charts a.nd dlseussum based thereop
Records of temperature or salinity ha.ve been contnbuted by: ‘Rﬂ A. Goﬂin,

m. C, Schroeder, Capt. G. W. Carlson, Capt. G. W Greenleef, C.G. Cor],lss, end Dr.

C.J. Fish of the Bureay of Fisheries. Capt.: JohnW MecFarland from his sghooner
wetor, -and Henry Stetson and T, C. Graves from thelr yachts, also heve teken
welCOme observetmn,s -

X owe.a. debt of gretltude a,lso to Dr A G Huntsmen, who has generousl}r
aJIOWed quotation from his, report on Cenadm.n drlft-bottle expemments in ed.venqe
of PUbhcatmn, and who! contnbuted other data acknowledged, in sthe, appropnate
°°11nect10ns to Dr. J. P. MecMurrich, who has offered the use of his unpubhslred
‘data on temperatures at:St. And1ews, New Brunswick; and to the late Dr.-A. G.

‘&yor, who contnbuted the qolonmetuc tubes used in the, deter mmatlon of elkehm,ty
on the Albatross and Halgyon gruises of 1920-21, L

" OCEANOGRAPHIC HISTORY
g 1. GULF. OF MAINE. PROPER e i

The fhst Gulf of Meme tempe1 etules, so fer es I cen learn, Wele teken in October,
1789, by Ben]emm F rankhn 8 nephew, Jonethep Wllhems, who reed the “heet of
he air end water. et sunrise, noon, and sunset’, (1793, p,. 83). on, e voyege from
°St0n to Vlrgxma, and found the surface 8.9° C. (18° F) off the mouth of Ma,ss
Achusetts Bay on October 11,  warming, to 11.1° (52° F,). off Chethem on. Cape Cog
to 15° (592 F.) over the outer- part of the contmenta,l shelf south of Nentucket ,apd
to 18,30 ~19.4° (65° to 67° F.) in the inner edge of the Gulf, Stream outside the edge
f the continent on the 13th—readings that agree very well with the usual distribu-
tion of temperature for that season. On another voyage (from. Hahfa.x to. New quk)
Uring the last week of July, 1790, he again took temperatures on Roseway Bank,
.BI‘OWns Bank, and in the gully between them ; also along the southern side of, Georges
Bank (53° 4o 64° F.).
EnOugh readings of the surfe('e temperature of the Gu]f of Mame had acqumulated
“rlng the first half of the nineteenth - century to: permlt Meury (185o and . 1858) to
show its coastal belt and the Bay of Fundy. as between 50° and-60°, its southern“md\e
OUt to the continental edge as between 60° and 70° in July, and the ent1re gulf ag
‘°°1der than 50° in March.? :

" 'The first part was devoted to the fishes (Bigelow and Welsk, 1025); the ssbond'to the plankton (Bigslow; 1020),

hg i:;}:tetmann (1870) more eorrect]y interprets the individual readings reproducod on Maury’s(1852) thermal chart by showing
r

Sbout oparts of tho Gulf of Maine a3 54.6° to 50° and the Qeorges Bank-Nantucket Shoals reglon as about 59° to 65.5° in July ;
32° ang 32° to 41°, respectively, in January. , .
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The first attempt to measure the temperature of the gulf below the surface was
made in the summer of 1870, when Verrill (1871, p. 3) found the water virtually homo-
geneous, surface to bottom, in Passamaquoddy Bay, though readmgs with thermometers
of the maximum-minimum type established a considerable range of temperatm es on
the ‘offshore slope of Georges Bank (Verrill, 1873; Sanderson Smith, 1889, p. 887).

Two summers later surface and bottom temperatures were taken at a large num-

ber of stations in the neighborhood of Casco Bay from the Fish Commission steamer
Blue Light (Verrlll 1874, 1874a), and also at various localities in deep water in the
western side ‘6f ‘the 'gulf by the’ Coast Survey steamer Bache (Sanderson Smith,
1889, p. 885; Packard, 1876). As a result of this summer’s work Verrill was able to
bring to sc1ent1ﬁc attention the contrast’ between the low bottom temperature and
the warm surface of the western side of the gulf.’
* The survey was continued by the Bache in the stimmer of 1874 at about 40 dredg-
ing stations in the western side of the Gulf of Maine, in depths of’ 27 to 113 fathoms
, (Sanderson Smith, 1889, p. 886). No observations were taken in the gulf in 1875
or’'1876; but in 1877 the Flsh Commission, from the Speedwell, in connectmn with a
survey of the bottorm fauna, took surface and béttom temperatures in’ the northern
part of Massachusetts Bay, W1th serml observatlons at several statwns on ‘a lme
crossing the gulf to Cape Sable.” ‘ o

Unfortunately, none of the subsurface temperatures taken in the gulf up to that
date were even approximately dependable, accordmg to - present—day standards,
because the Miller-Casella thermometers employed were not only unreliable (Verrill,
1875, p. 413), but, being of the maximum-minimumn- type, they would register merely
the lowest temperature at each station, which was not necessarily at the level at
which the reading was ostensibly taken.: Modern oceanographic research in the gulf
may therefore be dated from the summer of 1878, when the Speedwell took temper-
atures in Massachusetts Bay and off Cape Ann, including serials ‘at 31 stations (San-
derson Smith, 1889, p. 905; Rathbun, 1889, p. 1005), with reversing thermometers.
This type, improved from- time’ to time, has' been employed regularly ever since.
The’ Speedwell worked again 1n the gulf in the summer of 1879 (Sanderson’ Smith,
1889, p. 909; ‘Rathbun,’ 1889, p. 1006): In June, 1880, the Bla]ce ‘took surface
‘and bottom’ readmgs at three stations inside the 200-fathom’ contour on the eastern
part of Georges ‘Bank ' (Rathbun, “1889, p. 972; and - A. Agassiz, 1881), while 'in
‘August the Fish Hawk obtained similar dsta off Chatham, Cape Cod, in 10 to 43 °
fathoms (Rathbun, 1889 pp 922—923) but d1d not v1s1t the more northern parts Of
the gulf., - o
““. Theyear 1882 s ‘an important onein the a,nnals of North’ Amerwan oceanography )
because that spring saw the oft-quoted destruction of the tilefish? ~and of thé inver-
tebrate fauna that mhablted the warm "band along the edge of the continent, pre-
‘Sumably by flooding with very cold water. ' During the following August the Fish
“‘Hawk took observations south of Marthas Vineyard s,nd made one tnp t0, the 100‘
fathom line east of Cape Cod (Rathbun, 1889, p. 925)." :

Surface and air temperatures were recorded from early sprmg to late autumn &t
several lighthouses and lightships along the coast of the gulf from Nantucket Shoals
to" Petit Manan during the years 1881 ‘to 1885, the 10-day averages of Wl’llcll &1'9

3 For an account of this event and of the gradual reestablishment of the specles see Bigelow and Welsh 1925
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tabulated by Rathbun (1887). The very large number of temperatures taken on the

hghtshlps in the ordmary routme smce that tlme have not ‘been exammed cntlcally.
OWQVer

'The Albatross occupled a la,rge number of dredgmg stations along the oﬂshore
slopie: of Georges Bank during 1883, 1884, 1885, 1886, and 1887, but only five of her
Serial readings and a few of the bottom records fall within the' limits of the: Gulf of

aine* ' An extensive series of temperatures taken by Dr. W. C. Kendall at the

Surface and'at -small depths in the western part of the gulf, in connection with mack-

erel i investigations carried out by the Grampus in 1897, also deserves mention (p.594).

A gap follows in the thermal history of-the gulf until the.summer and autumn
of 1904, when the Tidal Survey of Canada ftook alarge number of surface and subsur-
face. temperatures in the Bay of Fundy region and off the west coast of Nova Scotia
(Dawson, 1905;'1922). 'Many of these were repeated in 1907. " In July, 1908, & few
readings were' taken from the Grampus in the region of Nantucket Shoals.

The reestablishment of the biological station of the Biological Board of Canada
8t St.Andrews, at the mouth-of the'St. Croix River, in 1908 marks'an'epoch in the
Oceenoo'raphlc study of the Bay ‘of Fundy region. The first pubhshed survey of the
te’mpemture and densmy (the latter -determined by hydrometer)in - the neighbor-
hood of St Andrews was carried’ fout in’ July, 1910 (Copeland,1912). - Since then
the takmg of temperatures and' of salinity has been a regular part of the statxon s
Work; ‘and ‘such of the data s as’have been' pubhshed are tnentioned below.

Although ‘the 'preceding’ summhry may seem somewhat formidable; very hbtle
Was yet known of the subsurface: temperatures of the offshore parts of the gulf, even
In Smnmer, for only ‘one small ares in'its western'side had boen - examined with
Satlsfactory instruments. ' Nor had: anything been learned of its:winter state ‘or of
the - salinity of ‘its ‘deep waters at 'any time of year until 1912. “In that ‘year the
United States ‘Bureau 'of Fisheries and’ the Museum of - Compara,tlve Zoology jointly
Undertook the general’ ‘oceanographié' exploration of the gulf, which; continued to

ate' under ‘my direction, has been.the foundation of this report and of th0se that
ave preceded it (Bigelow, 1914 to 1926; Bigelow and Welsh, 1925). - =

"Thé first fruits were the serial records at 46 stations (10001 to 10046) in the
Il01‘13hern half of the gulf during that July and: ‘August (p. 978; Bigelow, 1913, 1914),
lncludmg the first determinations of the salinity of the water of the gulf by the
tltramon method (p. 976) that for some years had been in:general use on the other
Side of the Atlantic. - This, subsequently, has been & routine part of our station work:

bservatlons were taken bimonthly off:Gloucester by the: Blué ng during - the

Wlnter of 1912-1913; north of Cape ‘Cod during the following spring by W."W.

‘elsh’ (statlons 10047 t0 10056; W. W. Welsh stations 1 to 32; and Bigelow, 19144);
al§o o foew temperatures and water samples between’ Massachusetts Bay and Georges

Bank by Thomas Douthart and W. F. Clapp (table, p. 980). -

t " The Grampus carried out & general survey of the westérn’ and northern parts of
he gulfin the summer-of 1913 (stations 10057 to 10061, 10085 010112, p. 982; Blgelow,
915) a8 well as of the 'coastal waters between the longltudes of Marthas Vmeya.rd and

esapeake Bay: ' This was followed by'a more comprehensive oceanographic exami:

Dation of the offshore banks, as well as of the inner parts of the gulf and of the coastal

*For thege Albatross data soe Townsend (1901, dredging statlons 2053, 2054, 2080-2084, 2068, and 2522).
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shelf-eastward along Nova Scotia to. Halifax in, the/summer.of 1914 (stations 10213
to 10264, p. 985; Bigelow, 1914b,.1917). :; Temperatures and. water samples (density
of the latter determined by hydrometer) were taken .at many localities in the Bay of
Fundy region. that summer and the following winter' from the biological station ‘at
St. Andrews (Mavor, Craigie, and Detweiler,11916; Craigie, 1916, 1916a; McMurrich,
1917;: and Doctor McMurrich’s unpublished plankton Lists).. In 1915 the Grampus
crms_ed in’ the gulf from spring. to midautumn (stations 10266. to .10339, p. 987;
Bigelow, 1917).: Craigie (Craigie and: Chase, 1918) likewise. took serial -temperatures.
in the Bay. of Fundy, in Annapohs Basm, and in St Marys Bay, as well ag sahnmes
in the latter (Vachon, 1918) «

- That same summer. is, ‘memorable m oceanographlc annals for the geneml survey
of -eastern Canadian waters carried out by the.Canadian Fisheries Expedition (Hjort;
1919; Sandstrom, 1919;  Bjerkan, 1919).... This, however did not touch the. Gulf-of
Maine regron except for one proﬁle crossmg the shelf oft Shelburne, N ova. Scotm, in
July.. Lo el e

. It is.8 fortun&te cha,nce t,ha,t the western and southwestern parts of the gulf on
the one hand (stations 10340 to 10357, 10398 to. 10404; Blgelow, 19227), and, the
Bay. of Fundy, on .the other: (Vachon, 1918), both were studied in 1916, for. that
summer and autumn,,followed, an almost Arctic winter and a backward spring. .

Exploration of the offshore waters of the;Gulf of Maine was interrupted by th,@
war, except that serial observations were taken at a station between Grand Manan
and Nova Scotia by the St. Andrews station at intervals from.1916.to 1918.
~..In 1919 work was resumed, when -the. United States .Coast- Guard cubter
Androscoggin, on ice patrol; ran profiles. across. the gulf in March, April, and. May
(United States Coeast Guard stations 1 to 3, 19 to.22,35 to 38, p. 997; E. H. Smlth:
1924, P-.103), while Mavor (1923) made an oceanographic survey. of the Bay of Fundy
in August. © Study of the surface currents.of. the Bay of Fundy by drift bottles also
was inaugurated by.the;St. Andrews; station, during. that summer (Mavor, 1920.10
1923), and later was. expa,nded into a ]omt prOJect to.cover northeastern American
waters generally. i e

- Prior to 1920: attentlon had been dn ected chleﬁy to the sbate of the gulf durmg t,he
warm half of the year. - To remedy this. seasonal deficiency the Albatross. carried oub
a general survey of the entire region from February to May, 1920 (stations 20044 .10
20129, p. 998; United States Bureau of Fisheries, 1921), while the Halcyon. cruised in the
northern half of the gulf during the following December, January, and March. . The
Halcyon slso occupied a net of oceanographic stations in:Massachusetts Bay during
August, 1922, and -has made seattered. observations at various seasons: sincetheP
(stations 10631 to 10645, p. 995, and. unnumbered, stations, p.-1012). Finally, the
Fish Hawk took' temperatures and.salinities at many stations in Massachusetts aﬂd
Cape Cod Bays at intervals during the winter and spring of 1924-25. (p. 1004). "

. The following lines of drift bottles\have ‘been. set; out:in the Gulf of Maine smce
1919 July, 1922, one:line. running southeasterly from Cape-Elizabeth .to the -center
of the gulf; another:from. the southern angle.of Cape Cod.southeasterly-out 8Cross
the edge of the continent; and likewise & line off. New York » Ailine; aISO wag.seb ouf*

" $7Phe operations of the G'rampua in 1016 were in thd immcdiate charge of W, W. Welst.
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off Cape Sable that summer by the Biological Board-of Canada, besides several other
lines farther east: (p..908). .During August, 1923, lines of bottlés were set out normal
to the coast line off Mount Desert, Cape Elizabeth, Oape Ann;and Cape Cod (p. 874);
8nd a much larger number of botfles was put out in more eastern Nova Scotian
Waters by the Biological Board of Canada, some, of which have drifted to the Gulf of
Malne as described below (p. 908). No Bottles were put out in the Gulf of Maine
Proper in,1924, although lines werd run across Vineyard and.Nantucket Sounds.: ‘Some
of the many. Canadian bottles put out that summeroff the outer coast.of. Nova Scotia
hﬁve been. picked up;in the Gulf -of Maine, - Finally, bottles were:put; out.in. Massa~
chugetts; and . Ipswich; Bays in-February, rApml and May; 1925; -in ‘Massachusetts
28y again. by -Henry Stetson .in.April; 1926, and off Cape N ed;ck by T E. Graves
that July, from their yachts (pp. 878, 879). .. . 1.
The measurements. of currents,, Whlch have been taken in: the gulf by the f’lhdal
SUIVey of Canada and by:the Umted States Coasﬁ and. Geodebic Survey, are. mentmned
111 & later chapter :(p. 857) ERITETA i e e B e

3 CONTINENTAL “SHELF SOUTH OF NANTUCKET AND - MARTHAS
e . VINEYARD .. ‘

The earlier exploratnons in' this ‘Aren ‘are summamzed ina preV1ous report (Bxge-
IOW, 1915) ‘hetice they Thay bé' passed over briefly ‘here. ‘ Boralte
‘The ‘general range 'of ‘surface’ temperzituré south of Woods Hole' is' now well
kn()Wn for the'summer ‘séason;, thanks to"thé: sarly’ exploratmns by the vessels' of ‘the
reau of Fisheries, notably in’ 1880 o' 1882 (‘Tannér 1884 't - 1884b) and“in 1889
to. 1891 (Libbey, 1891, 1895). Dally reéords of temperaturé 1of ‘air and water also
9ave been: recorded for' many years at Woods ‘Hole;* and " observations "have- been
taken on’ the'various: collecting ifrips’ carried 'out’ sunimer’ af ter’ lsummer from" that
Station. Dickson (1901) likewiss-has collected a large nmnber ‘of surface” tempera—
tareg from: the: logs of vessels; aiid ‘ﬁhé Grampus has croésied ‘th1s part of the cont1-
hen(;al shelf on ‘several recent orwigés. o Ji s in sl Do anl
* A large’ number of sitbsurface: wempera‘tures -and determma‘mons of sahmty by
hYdTOmeber also have been: taken’from Marthas Vmeyard and!' Nantueket out"to
the edge of'‘the continent and :beyond, beginning with the: éarly dredging tmps ‘of
the 3 vesselsof the Fish Commission-(1880 t6.18817) and. contmﬂed by Libbeyin 1889,
1890, tnd 1891. - Libbey continued:'his’ study in’subsequeént years, bu'b the ‘results
18ver have been published; nor, except in a few mstances, have the' bottom: tem-
pel‘&tures taKer subséquently on: 'the various drodgmg trips'sent out to-the waters
Souﬁh of Marthas Vmeyard from the WOOds Hole statlon of the Bureau of
Sherieg, SR IRERF cust DG ity G
N In 1908 the Gmmpus ‘took temperatures 131/ t0/400 - futhomq southward {rom
antucket Shoals (p 595; Bigelow,1909)." “Tn July,1913 she occupxed several dcean=
Ographm ‘stations in that genemi region; Workmg southward 'thencs t6 Ohesapea,ke
%y (Bigelow,; '1015; statiohs- 10062 to’ 10084). > Diring - that Algust: she took
“’rf&ee ‘temperatures frony Cape:Cod: to Cape May: (B1ge10w, 1915 p 350), in 1914
'I‘hese are summarized by Sumner, Osbum, and Cole (1013) and by Flsh (1925) '

My,
1884 For repords ot temperatum during thls period, see Sandersdn Smtth (1889), for the Albatron stations, 's60 Tanner (18843,
)“nd’l‘ownsend B¢ REE I TRV I PSR g steiba g a8 el ‘
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-and. 1915 she ran. oceanographic’ profiles across ‘the; slope ‘abreast of Marthas-Vine-
yard in August and Oectober, meiitioned above (p. '517). .In 1916 she again madé
-summer ‘and November crulses from Gloucester to Chesapea.ke Bay (Blgelow,
1922) R e o

TOPOGRAPHY

The mdentatlon of the coast betWeen Cape Sable, at the southeast angle of N ova
Scotla on the east, and Cape Cod and Nantucket Island, on the west, seems to have
gone unnamed until late in the last century, when it was ch‘risténe‘d “‘Gulf of Maine.”
As outlined by the coast, the gulf is roughly rectangular, much wider (about 200 miles)
than deep (about 120 mlles) It is a faT better marked natural province ‘below the
surface of the sea than the shallow recession of its shore line would suggest, for its
southern boundary is marked by a shallow rim, or “sill,” pierced by three narrow
passages only. - Passing ‘eastward from Nantucket, with its off-lying shoals, these,
successively, and the banks that separate them, are: The South Channel (not very
well defined and only 40 to 50 fathoms deep), Georges Bank, the Eastern Channel,
Browns Bank, the Northern Channel, and finally the Seal Island or coastal bank off
Cape Sable. This rim, as Mitchell (1881) ‘long ago pointed out, 259 miles in length
from Nantucket to Cape Sable, follows, in its main outlines, the arc of a circle whose
radius is about 167 miles. Along this arc the length of Georges Bank, from the
deepest trough of the South Channel to the 50-fathom contour on the slope of the
Eastern Channel, is about 140 miles, with a greatest: breadth of about 80 miles from
north to south between the 50-fathom contours. Between these same contours of
the Eagtern Channel and of the Northern Channel each occupies about 25 miles of-
the arc. In round figures, the area of Georges Bank is 10,000 square miles; that
portlon of Browns Bank west of long1tude 65° 30" W. (taken as the arbltrary bound-
ary of the region under discussion) is about 550 square miles. - .

. The area of the'gulf north of the rim is given by Mitchell as about 36 000 square
mlles The coast line of the gulf, as it would appear on a small-scale chart, follows
a fairly regular curve, but in detail it is-extremely. complex;. for the northern and
eastern shores are not only frequently and deeply embayed, but are bordered: by a
perfect labyrinth of islands, large and small, extending in places 10 to 20 miles sea-
ward from the mainland. Its largest bays (Massachusetts on the southwest and the
still larger Bay of Fundy on the northeast) are too well known to need more than
passing mention, ,

. The coast of the Gulf of Mame falls into two main types Cape Elizabeth mark—
ing- the transition from one to the other. South of this headland the shore line is
characterized by a succession of sand beaches alternating with bold headlands, nota-
bly Cape Ann, and with rocky stretches, which in. Cape Cod Bay give place to the
continuous sand strand of the cape.’ Along this part of the coast there are but few
islands, except in Boston Bay, and the fjord type of indentation is notably absent.
East of Cape Elizabeth, on the contrary, the shores of the State of Maine are almost
continuously rocky, as are the islands of the outlying archipelago already mentioned;
and deep bays succeed each other in close succession as far as the mouth of the
Bay of Fundy. Asa whole, the shores of the gulf are low, seldom rising to more
than 100 to 200 feet in the immediate neighborhood of the sea; but the'Camden hills



