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INTRODUCTION

One object of this biological survey of Chesapeake Bay hILS been to make collec
tions and identifications of various animals and plants found there in order to learn
more of their distribution and abundance. An equally important object has been to
record at the same time some of the environmental conditions which might determine
such distribution and abundance. In addition to this it has been the intention of the
survey to continue the work for several years in an effort to ascertain what the \lsu!!l
environmental conditions in the bay are, so that when great mortality of fishes, oysters,
crabs, clams, etc., occurs there will be data at hand from which to decide as to wbaJ
unusual changes may have been the cause of the trouble. Finally, it has been hope
that the information obtained concerning salinity, temperature, ILnd plankton content
of the water may help at some time in the future to throw light OQ the laws which
govern the migration of fishes, crabs, and other organisms in Chesapeake Bay.

The survey has been a rather general one, many regions having been visited at
intervals, so that no one region has been studied intensively-daily for example
although each region has been visited several times during a year. At certain ones,
observations and collections have been made every l}~ hours for a period of 24 hours.
The temperature and salinity data obtained during several years of observation have
been studied. An attempt has been made to work out the distribution of the planktoll

diatoms and other forms and also to see how they arc related to sltlinity and temperll
ture; but the r61e played by eltch of these factors can not be conclusively shoWn,
owing to the difficulty of controlling the numerous factors involved. In order to hllve

a better idea of the general physical characteristics of Ohesapeake Bay before tak~J1g
up the discussion of salinity, temperature, and diatom distribution, the folloWlllg
section on the physical features has been included.

PHYSICAL FEATURES

Ohesapeltke Bay is a large estuary on the eastern coast of the United States lying
between latitude 76° to 76° 30' and longitude 37° to 3\)° 30'. It forms a deep in~eni
tation into the States of Marylltnd and Virginia, extending inland about 160 nautlC~



BIOLOGICAL STUDY OF CHESAPEAKE BAY WATERS 279

----- ...__ ... _._---_ ...._...._---_._----------

lniles, varying from 5 to 20 nautical miles in width, and covering an area of approxi
lnately 2,800 square miles.2

S Sounds, small bays, and many small inlets make the outline very irregular.
bev~ral moderate-sized rivers empty their waters into the bay. On the west shore,
cgmning at the head of the estuary, are the Susquehanna, Patapsco, Severn, Patux

~nt, Potomac, Rllppa.hannock, York, and James Rivers; on the eastern shore the Elk,
Sassafras, Chester, Choptank, Nanticoke, and Pocomoke Rivers are the most impor
t~nt ones. The Susqueha,nna and Potomac, which are the largest, and the rest of the
:lvers of the western shore supply by far the greater bulk of the fresh water emptied
Into thc bay.
h While Chesapeake Bay extends almost directly north and south, its mouth faces

t e east. Cape Charles and Cape Henry, which guard the entrance to the north and
~outh, respectively, are about 10 nautical miles apart, a distance which is considerahly
ess than the average width of the southern part of the bay. This narrowed condition,
together with the occurrence of a tidal delta cut by channels running pnrallel with the
current, have an effect on the velocity of the current through the mouth.
h Chesa,peakeBay is rather shallow. and thereisnot It great deal of difference between
~ I' upper and lower parts of the bay. Thirty or forty feet is ahout the average for
I cep Water. Here lmd there, especially along the eastern shore, there are very deep
101es: 150 feet off Kent Island, 114 feet off Poplar Island, 118 feet off Tilghman Island,
:14 feet off Taylors Island, 156 feet off Barren Island, 134 feet off Hooper Island, 122
;et off Point No Point, 139 feet off Smiths Point, and 150 feet off Cape Charles City.

11 of these fire close to the enstern shore except the one off Smiths Point, which is
~ear to the western shore, and those off Taylors Island and Point No Point which are
I h .n t e middle of the bav.
o The deep holes alo~g the eastern shore are eonnected with one another by regions
hf gr?ater depth than the average of the bay, so that there is a natural deep channel
hllggmg the eastern shore more or less closely and extending from the head of the
bfly to Point No Point, from which region it crosses over toward the western shore,

ecoming lost near Rappahannock Spit (Windmill Point). The deep water then
Continue~ nearer the eastern shore almost to Cape Charles. (See fig. 1 and Coast
and Geodetic Survey charts, Nos. 77 and 78.)

These deep holes are of speeial interest on aecount of their permanence, their
comparatively rich and unusual invertebrate fauna, and their relation to fishing
~rounds. It is at the hottom of the deep-water channel that the most saline and
Senscst water is found. Similar deep pools are known in England-for example, the
.J°Yne in the Mersey River, Lune Deeps in the Irish Sea, and Lynn Well in the Wash.
Wheeler (1893) has pointed out that these deeps are permanent because equilibrium
of erosion has been attained, and filling up is prevented by the action of the tides
Combined with the production of eddies. Most of the deep holes of the Chesapeake
~r.e located close to the same shore as the submerged II deeps" of the Susquehanna

,lver, studied by Mathews (1917).
Geologists have generally agreed that Chesapeake Bay, in part at least, is a

Submerged river (McGee, 1888, Lindenkohl, 1891) and that the deep-water channel
llnder consideration is the old bed of the Susquehanna River before the subsidence
~f the coastal plain. Probably, then, the deep channel was estahlished in geological
-----~

~ This area has been computed for this survey by the U. S, CQast and Geodetic Survey, and It includes, In addition to Chess·
III e Day proper, MobJack Bay, Pocomoke Sound, Tangier Sound, Kedges, Holland, and Hopper Straits, Fi5hlng Ray, llonga

Ver.Eastern Bay, HerrIni' Bay, aud the entrance to the.Choptsnk RIver.
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times when the coastal plain was more elevated than at the present time. While
t~ere does not seem to be any good reason for believing that the ebb and flood of the
tIde during recent times has cut the deep channel, yet it is known that erosion to a
lllarked degree is taking place along the eastern shore of the bay (Hunter, 1914).
· Like most estuaries, Chesapeake Bay has, in general, a muddy bottom,resulting
In part from the deposition of large amounts of organic matter brought down from
the land by the rivers; in part from the settling of the dead bodies of marine, brackish
W~ter, and fresh-water organisms, and in part from the settling of finely divided
lllineral matter. The latter is commonly called clay. This mixture of clay and
or~anic matter, which assumes a soft, sticky condition when wet, undoubtedly con
taIns Some iron sulphide resulting from the action of the sulphates in the sea water
on the iron compounds brought from the land. The mixture is characteristic of
?stuaries, ocean waters near the land, and deeps outside of the 100-fathom line, accord
lllg to Murray and Irvine (1893). They have given it the name "blue mud" or
clay. This "blue mud" varies somewhat in color from a black to a blue-black and
to a brown in the Chesapeake, depending, probably, on the amount of organic matter
and SUlphide of iron present, as pointed out by Murray and Irvine.
· The consistency of the blue mud is not the same in all regions. In somll places
It forms a rather firm, cakelike layer without a soft surface, in others the typical
Plastic, claylike mud with a soft surface, and in still other localities a soft, puddled
lllud. Samples of the bottom of Chesapeake Bay show, as a rule, that the blue-mud
layer is not very thick except in certain regions, such as the mouths of rivers. Usually
'\sample cut out of the bottom to a depth of 2 or 3 inches shows a lower layer of sand,
Cay, Or shells, and often the blue mud is more or less mixed with these materials.
Wlule the bottom of Chesapeake Bay is largely muddy, the shores are usually sandy,
and this latter condition is especially characteristic of the southern half of the bay.

The movements of the water of Chesapeake Bay are complicated. The ebb and
flOod of the tide, the outflow of many rivers which aid the ebb and hinder the flood,
~he greater volume of river water entering from the western shore, eddies produced
· Yheadlands at the mouths of rivers and inequalities on the bottom, currents moving
l~ more or less opposite directions at surface and bottom in the same locality, varia
tIons in rainfall, seasonal changes in temperature, and strong winds are factors which
gO\7ern the movements of the water in the bay. There are no very strong currents,
a Condition which has been noted by the Coast and Geodetic Survey (1916), Grave
(1912), and the author.

METHODS

Some preliminary investigations of much value were made by Lewis Radcliffe,
?f the Bureau of Fisheries, in 1915, 1916, and 1917, but this work was discontinued
In March, 1917. In January, 1920, the writer continued the investigation under
the United States Bureau of Fisheries and was in charge until March, 1922.
]i1' DUring 1916 and 1920, 13 general cruises over the bay were taken on the U. S. S.

t8h Hawk. In addition to these, 2 preliminary cruises were made in 1915, another
?n the U. S. S. Roosevelt outside of the ba.y near the entrance in 1916,4 special cruises
~n the bay to study hydroids in 1916, 2 special cruises in 1921, and 2 in 1922. The
4 cruises, including dates, station numbers, and other data., are given below:

Crulee

1. October 22-27, 1915, stations 8336 to 8365.
II. December 1-10, 1915, stations 8366 to 8402; 24-hour station 8394.

III. January 16-22, 1916, stations 8403 to 8441.
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Cruise
IV. January 27-February 1, 1916. (Outside of Capes Henry and Charles) (on U. S. S. Roo,~cl'clt,)

Stations 8442 to 8457.
V. March 6-12, 1916, stations 8458 to 8496.

VI. April 21-26, 1916, stations 8497 to 8535.
VII. May 22-30, 1916 (for hydroids), stations 8536 to 8549.

VIII..June 2-12,1916, stations 8550 to 8,588.
IX. July 17--31, 1916, stations 8,589 to 8627; 24-hour station 8617.
X. August 30-September 2, 1916 (for hydroids), stations 8628 to 8650.

XI. September 8-12, 1916, stations 86,51 to 8686.
XII. December 16-17,1916 (for hydroids), stations 8687 to 8696.

XIIa. March 20-22, 1917, (for hydroids), stations 8697 to 8706.
XIII. January 10-16, 1920, stations 8707 to 8737.
XIV. March 6-12, 1920, stations 8738 to 8769; 24-hour stations 8738 and 8760.
XV. May 1-8, 1920, stations 8771 to 8799.

XVI. July 3-9, 1920, stations 8800 to 8831; 24-hour stations 8800 and 8811.
XVII. August 21-26, 1920, stations 8832 to 8866; 24-hour stations 8855 and 8866 (8832 to 8836

outside of bay).
XVIII. October 1.5-21, 1920, stations 8867 to 8896; 24-hour stations 8867 and 8877.

XIX. December 4-10, 1920, stations 8897 to 8928; 24-hour stations 8918 and 8928.
XX..January 22-27,1921, stations 8929 to 8959; 24-hour stations 8948 and 8959.

XXI. "March 28-April 2, 1921, stations 8960 to 8988; 24-hour stations 8960 and 8970.
XXlT. May 30-June 3,1921, stations 8989 to 9019; 24-hour stations 9008 and 9019.

XXIII. January 21-25, 1922, stations 9020 to 9047; 24-hour station 9039.
XXIV. March 25-30, 1922, stations 9048 to 9078; 24-hour stations 9067 and 9078.

The general cruises were made at approximately equal intervals, and on each
cruise about 30 "areas" or regions were visited; and, for the most part, the same
areas were visited on each cruise. These areas, which were circular in outline, were
charted as 183 meters (200 yards) in diameter, and their positions were selected ill
such a way as to make lines across the bay covering all localities of interest from Cape
Charles and Cape Henry to Swan Point and North Point. Each area was designated
by a capital letter, as may be seen in Figure 1. While they were recorded as meas
uring 183 meters in diameter, the actual stations made were not spread out mnch

within the area during tho time the writer was in charge; that is, the varivu~ statioPS
within the area were made according to bearings which were kept the same, usually,
from cruise to cruise, so that the positions of the various stations in an area did not
vary a great deal.

Water samples for quantitative plankton study llnd for ascertaining the salinity
and temperature of the water were collected, using the Green-Bigelow water bottle
snd the Negretti-Zambra reversing therometer. About half of each sample of water
(approximntJey 500 cubic centimeters) was run into a special type of storage bot,tIe

with a patent stopper and rubber washe,r. The collection of these samples was then
made a matter of record in the log, and later the samples were shipped to the Unite.d
States Geological Survey, where, under tho supervision of Dr. R. C. Wells, theIr
salinity was determined by titration for chlorine. From the salinity data the densities
\\'1'1'(\ calculated.

The other half of the contents of the water bottle waR used as a plankton sample.
Such samples were later sent to Dr. Bert Cunningham, of Duke University, Durhllom,
N. C., who determined the species, counted the numherof organisms per cubic centime
ter for each species, and studied the distribution of the species in the bay. These
samples gave a fairly good idea of the abundance of most plankton organisms with the
exception of copepods and some other of the more active species. While the observa
tions find collectiolJs described above were being made the ship was allowed to drift
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Unless the wind or currents were so strong as to carry it out of the 200-yard area. When
the latter occurred, the ship was given enough headway to keep within the area.

In order to supplement the information obtained from the plankton samples
lllentioned above, surface towings were taken with townets made of silk bolting
cloth (No.6 and No. 18 or 20) and a bottom towing with a similar No. 18 townet.
The mouth of each surface net measured 30.5 cntimeters (1 foot) in diameter and that
of the bottom net one-half meter in diameter. During the towing, which lasted 10
lllinutes, the speed of the vessel was, as a rule, 2 knots. Samples obtained in this
\Vay Were shipped to specialists for identification and in some cases for study from the
bOint of view of distribution. The Copepoda, Medusre, and Sagittre were studied
y Prof. C. B. Wilson, Dr. Henry B. Bigelow, and the author, respeetively. Mr.

Glassman and the author have undertaken a study of the distribution of the Mysidre.
~ost of the Crustacere were sent to the United Sta-tes Nationa-l Museum, where they
a"e been identified.
. A large beam trawl, whose runners were fitted with flat wooden shoes to prevent
~nking in the mud, was used for the collection of fishes, sponges, ascidians, hydroids,

tyozoans, and echinoderms. The duration of each trawling was 5 minutes; and the
sp.eed of the vessel was, as a rule, 3 knots. The fishes have been studied by Messrs.
~Ildebrand and Schroeder, the echinoderms by Dr. Hubert L. Clark, the ascidians by
b r. William G. Van Name, the bryozoans by Prof. Raymond C. Osburn, the hydroids
YProf. C. W. Hargitt, and the sponges by Prof. H. V. Wilson.

. Such animals as mollusks, annelids, holothurians, leeches, and many lower organ
l~l1lS which are found on the bottom or burrowing in the mud or sand, were captured
eIther by the mud bag attached to the beam trawl or by the "orange-peel bucket."
!he latter is a small commercial dredge that bites to a depth of about 0.5 meter, bring
~g ~p about 0.1 cubic meter of the bottom. The mollusks were sent for study to the
IIatlonal Museum, the annelids to Dr. A. L. Treadwell, the holothurians to Dr.

ubert Lyman Clark, and the leeches to Dr. J. P. Moore.

SALINITY

The determination of the salinity of a body of water is one of the necessary pro
~edures in a biological survey because the degree of salinity is believed to be a factor
In determining the distribution of some of the animals and plants found in the water
;nd hecause it is desirable t.o know how much the salinity varies from time to time.
dOr thi~ reason ~ate~' samples wc:e collected ~t each sttl~i?n visited, and their salinity
etcrnllned by tItratIOn for chlonne, from winch the sahmt.y was caleulated.
. The data on surface find bottom salinity and temperature will be discussed first,
~~~ce many of the organisms colleeted and eounted were taken at those levels. In
b Is same part of the paper the vertieal distribution of salinity and t.emperature will

e taken up. Aft.er t.hat, untler the heading of seasonal distribution, data from inter-
lllediate waters will be compared at equivalent depths such as 20 and 30 meters.

SURFACE SALINITY AT MOUTH AND HEAD

II The salinity of Chcsapcnlw Bay, like that of other long bays and estuaries, grad
kally decreases, with very few exceptions, from the mouth to the head; and the bay is
f nown as a brackish body of water, although the failure, as a rule, of the fresh waters
t~Oln the land and the saline waters of the sea to mix completely, and the variation in
h e "olume of fresh and salt water entering the bay, result in different degrees of

r8,('kishness (Cowles, 1920). The surface data at the mouth of the bay show a vari-
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ation in salinity from about 19.00 to 30.00 grams per liter in the region of areas G, F,
and E, while near Balitmore at area U there is a variation from about 3.00 to 11.00
~alllS per liter. So far as our records show (January, March, April, June, July, Sep-

lrlber, 1916; January, March, May, July, August, October, December, 1920; Jan
~ary, March-April, May-June, 1921; and January, March, 1922), the surface salin
~ty never reached 31.00 at the mouth, but occasionally it was reduced to less than
9.00-for example 18.36 at G in March, 1922, On the other hand, at area U the

;\ll'fa,ce salinity never rea?hed 12.00 and sometimes dropped below 3,~~for example
~26 In May, 1920.· It will be seen then that the range of surface SalInIty from head

lllouth may be large, for example 2.26 at U to 25.40 at P'in May, 1920.

SURFACE SALINITY FROM MOUTH TO HEAD

h. A good general idea of the variation of the surface salinity from the 1pouth to the
ead of Chesapeake Bay may be obtained from Figure 2.. which is a map 3 of the bay

S~OWing the surface salinity for a cruise in August, 1920. During this cruise the range
; sUrface salinity was from 28.94 (area E) at the mouth to 4.75 (area U) at the head.

he arrangement of the isohalines 4 shows clearly that the most saline surface water
"'as uniformly on the east side of the bay from head to mouth. Silnilar maps for
other months are shown in Figures 3, 4,5, and 6.
JJ: The greatest decrease per unit of distance in surface salinity took place between

, P, G, and D, 0, B, A (from 28.94 to about 20.00 in a distance of about 15 !niles)
~eal' the mouth, and this is indicated by the crowding of the isohalines. (August,
.920). A similar condition was noted in the Baltic Sea by Pettersson (1894). Next
1~ Order was that between Y, Z, and U near the head. The decrease from the mouth
° the Potomac River to Y, Z, as well as from D, 0, B, A to the Potomac River was
"cry gradual. A study of the data from the other cruises shows that while there is
Considerable variability in the rate of decrease from cruise to cruise in the regions
~entioned, the condition during August is an average one. The amount of decrease
~ salinity per unit of distance from J, I, K into the mouth of the Potomac River at
f ' M, N' is usually rather high, but it will be noted by referring to the map (fig. 2)
dOl' August, 1920, that the isohalines do not show such a condition. This is probably
}e to the unusual time elapsing between the times of making the observations at

,1, K, and N, M, N'.

VARIATION OF SURFACE SALINITY ACROSS BAY

One of the most striking characteristics of part of Chesapeake Bay is the higher
~\ll'face salinity on the eastern than on the western side of the bay (Cowles, 1925).

\lch a distribution of salinity is most marked from the region of James Island to the
lllOuth,.although during certain cruises-for example June 1916, January, August,
and December, 192o-the surface salinities obtained on the eastern side of the bay
~e~e highest from the mouth to the region of Baltimore. A study of the profiles
Indicates that this condition is due to the fact that the deep-water channel which
COntains the most saline bottom water lies on this side throughout most of its extent
and to the fact that a large volume of fresh water from the rivers of the western shore
~e saline water toward the eastern shore. Now, taking up in order

Bta~ No high degree of accuracy can be claimed for such a map, since the water samples could not be collected simultaneously at the
th ona and since the salinity fluctuates somewhat back and forth at a stetlon with the tide. However. In the opinion of the writer
l e llIsp presents a good general picture of the distribution of the surface salinity during the periOd of the cruise•
., • 4n iSOhalineis a line connecting points of the same salinity in a plane.
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from the mouth to the head the several lines extending across the bay, we find the
following:

Salinity data for the line G, F, E during 9 of 11 cruises showed that the surface
salinity was higher on the east side 6, 6; line V, 0, B, A, 13 of 13 on the east side;
line H, H', Q, 0, 16 of the 16; line J, I, K, 12 of the 13; line N, M, N', 10 of the 12;
line P, L, L', 10 of the 11; R', R, 11 of the 11; line T, S, 9 of the 11; line V, W, X, 8
of the 14; and line Z, Y, 9 of the 15 6• It will be noted that toward the head the
condition mentioned gradually changes until along the line Z, Y the higher surface
salinity occurs on the east side with considerably less frequency. .

BOTTOM SALINITY AT MOUTH AND HEAD

In this discussion of the bottom salinities it should be understood that sampleS
from the same area collected on different cruises were not taken at exactly the saJlle
depth and that when comparisons are made between bottom salinities in different
parts of the bay it is done merely to show under what different conditions of salinity
organisms at the bottom may be living.

The bottom salinities recorded on our cruises for the mouth of the bay varied
from about 26.00 to a little over 32.00 at area G, while in the region of Baltimore at
area U they varied from about 6.00 to 17.00. These data, which are from the saJlle
cruises as those mentioned above, with the exception of .July and September, 1916,
January, 1920, and January, 1922, when no data were obtained, show that the bottoIJl
salinity at area U on one occasion was as low as 6.54 (May cruise, 1920) and did not
reach, at any time observed,a greater salinity than 17.38 (December cruise, 1920). .At
area G in the mouth the bottom salinity reached the lowest point observed, 25.7.7'
during the May, 1920, cruise. While the maximum salinity observed was 32.57 Itl

January, 1916, at area G. The range of bottom salinities, then, from head to mouth,
may be very great-for example, 6.54 at U to 25.77 at G in May, 1920.

It is of interest that the salinities at area U closely approach a point where the
density is so low that, if continued for a long period of time, it is hannful to oysters
(Moore, 1897).

BOTTOM SALINITY FROM MOUTH TO HEAD

A study of the data for the August, 1920, cruise shows that during this cruise
the range of bottom salinities was from 31.74 (area G) at the mouth to 15.21 (area [j),
as compared with 28.94 (area E) at the mouth to 4.75 (area U) at the head for surface
salinity during the same cruise. As in the case of the surface salinities, the greatest
decrease per unit of distance, if one leaves out of consideration the high salinities of
deep holes, took place between E, F, G, and D, 0, B, A. At the mouth of the potoJllac
River, J, I, K to N, M, N', the decrease was quite marked; but in the long stretches
from the mouth of the Potomac River north to Y, Z, and south to D, 0, B, A changeS
per unit of distance were small, a condition which holds true for the surface salinity·
An examination of the data for the rest of the cruises shows in general similar rela'
tive amounts of decrease in bottom salinities per unit of distance for the regions just
mentioned.

An interesting exception to the gradual decrease in bottom salinity frOJll the
mouth to the head of the bay is seen at T, V, and Z. These areas, which lie on the
west side of the bay from Governors Run to the mouth of the Magothy River, hafe

fairly similar depths-for example, 9.15 meters at T, 10 meters at V, and 12.81 met~rs
--_. ~._~_.....-._-_.__ .._--_._--_.. _---- ..... --_._---_._-----_.__.._~

• More accurately on the north side, sInce this line runs about north and south.
• Only CrulS6~ lor which there were sufficient ~urr8C6 salinity determinatlon~ are inchlded in the connts.
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at Z (August cruise, 1920). On 10 of the 15 cruises for which we have data during
1916,1920,1921, and 1922 the bottom salinity increased, passing from T to Z-thatis,
toward the head of the bay. While there is not much difference in depth from T to
Z, yet it will be seen that the latter is a little deeper than the fonner and this is prob
ably enough to account for the condition mentioned. At the surface the salinity
decreases almost invariably from T to Z.

[ CAPE CHARLES

28.q~

r
2~.18

22.13-2'l.OO

G
22.73

--.....-:-':"':":---2~--,.;;-:-:::-:~------~

CAPE HENRY

10

1.5L-~-

20

25 t:::===~===================-==-=.===========:::1
FIGURB 7.-Sallnlty proftle from Oape Henry to Cape Charles, August 22, 1920

VARIATION OF BOTTOM SALINITY ACROSS BAY

It will be remembered that there seems to be a strong tendency for the most
saline surface water to lie near the eastern shore of the bay but that this tendency
decreases in the upper part until at Z, Y the saltier water occurs with more nearly an
equal frequency on the eastern and western sides. The most saline bottom water,
hOwever, as might be expected, owing to its higher density finds its way into the deep
Water channel of the bay and may be traced during every cruise along the eastern
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I'IGURJ: S.-Sallnlty proflle from New Point Comrort to Oape Oharles Olty, August 22,1920

shore and almost invariably through Y, X, S, and R, then to the middle of the bay
through L, then nearer the western shore through J, again on the eastern shore through
Qand A, and finally out through the mouth of the bay at G. (See map showing deep
Water channel, fig. 1.)

VERTICAL DISTRIBUTION OF SALINITY

. Profiles across the bay show that especially along the deep-water channel, some
tunes in the region of the mouths of rivers, and usually at the mouth of the bay, a
sharp increase in salinity occurs somewhere between the surface and about the 20
tneter level. (Figs. 7,8,9.) This phenomenon, which is a well-known one for regions
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where fresh and salt water meet, is due to the lighter fresh water flowing over the
heavier salt water. (See Pettersson, 1894, and Murray and Hjort, 1912.) The sharp
increase occurs usually at about 10 meters, but there are exceptions, and at tiIne8,
depending upon the flow of fresh water from the rivers, the character of the tides, the
winds, the temperature, etc., the line of demarcation may be nearer the surface or
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FIOURE 9.-Sallnlty profile from Bull Neck to Shanks Islands. January 24,1921

below 10 meters. While the stratification just described was very marked during
most of our cruises, there were times in the spring and winter months when the water
approached a condition of equal salinity from surface to bottom. (Fig. 10.) }..
discussion of this phenomenon will be taken up under seasonal distribution of salinity·

oHOR$ESKO£'OINT Vn.13 WII.38 )(12..14 11 LOODYWI:IT
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301-- ---l

FIOUIlE 10.-Sallnlty proWs from Horse Shoo Point to Bloody PoInt, January 'J:I. 1921

In addition, the vertical distribution of salinity as seen in profiles illl1strate~
graphically the conclusions arrived at above from a study of the data for surfset) all
bottom salinities; namely, that the more saline surface water, in general lies neBJ'e

r
, . ber

the eastern shore, although in the northern part of the bay it may be found on elt
side with almost equal frequency, and that the more saline bottom water folloWS tbe
deep-water channel Y, X, S, R, L, J, Q, A, and G.
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th ~n interesting condition, which shows on practi<{ally all cruises, is the one along
e line J, I, K just below the mouth of the Potomac River. The most saline bottom7ater is found at area J, located on the deep channel near the western shore, while

he :most saline surface water lies on the eastern side, usually at area K or at least
at &.rea I. The density profiles indicate that the condition mentioned is due to the
rressure of the Potomac River water, which, coming from a westerly direction, crowds
hhe :more saline surface water overlying the deep channel toward the east. A similar
ut less marked condition occurs along the line P, L, L'.

SALINITY OF WATER DURING WINTER

. It has been pointed out that there is a comparatively large decreasing range of
Salinities from the mouth of the bay to the head throughout the year. This range
"aries from time to time, but there is no evidence in our data to show that there is
any uniform seasonal. fluctuation in the amount of range.
I Inspection of the salinity values of the January cruises taken in 1916, 1920, and
T9~2 shows that they were generally higher than those of the January, 1921, cruise.
fhis condition is probably correlated with the fact that January, 1921, was an excep
10naJly mild month. (Table 1.) (See section on salinity during the spring.)

l'"IlLE: I.-Temperatures and salinities at surface, 20 meters, and 30 meter.~, during Jan/lar!/, for.lIanou.,
years and areas

'===;:uarY, 1~;--,,-~c=~-::=-===occ==rcccc~cc--~.~==~:::~;;==e=ceo

Area.'" Tem~ I 'l'eTnperature,O ('. ~alillit.Y 'l'empernture, 0 C. Salinity
pera· Rn·

tour,~: ~~~if~:~ ~-f~-~-:~I~f~ me· !HII~fn~~:-~I=1 ~-:e: :':-(:-20 m~: 130 me.- Hurf,we 20 u1l'·l:l~-~:'·
__ surrace UT ft{ e tersl ters: ! ters teas '- t t~~rs t~rs 'tff:{ : I,ars

--- I ' , '(} --.-- .._-- ._---I - ., ---', _-, .- -- --._..... --- ,._-

....:........ 4.1 23.40 5.9 (j.0 11.. __ 19.22
1

' 28.10 12.9 5.9 .. -- 23.91 20.15 I .
J. •....... 3.3 22.74 4.9 4.9 4.8 """'" ..._._.......... 4.4 4.6 4.1 23.96 25.71 2.;.~9

I.:"""" 1.4 15.14 3.9 3.9
1

4.0 13.12 , 17.61 18.30 3.4 3.2 2.7 _ _
l{ -. 1. 8 14.36 3. I 3.0 3.7 13. Ii. I 13.80 16.80 2. Ii 2.4 2.8 15.46 20.31· 20.46
~ 1.1 13.66 2.1\ 3.41 3.7 _ 1.4 2.; 2.5 15.81 19.541 19.80
X::······· 1.1 12.77 2.7 _..1'._._ _"""'- 1.; .- -...... 13.17 """'-
y. 1.0 n.13 2.0 2.11 12.14 12.30 "._.. -. .8 3.2 '-"'-" 13.21\ 18.95 I· .. ·····

b.::""" 1:~ g:~~ U .. .'.3~~. :::::::: I~:~~ l_~~~~~_ :::::::: :::::::: :::::::: :::::::: :::::::: :::::::t:.:::

I At 20.13 meter~.

T . Throughout the year the salinity usually increases with the depth (Katohalill).
, hIs :might be expected in a body of water where there is fresh water from rivers flow
~bg OVer tidal saline water entering from'the ocean, even though currents, river floods,
o~ air temperatures, and winds tend at timeA to alter that condition. A disconti-

nlllty in salinity was frequently Aeen during the winter cruises and, although the water
\\tas at times almost homohaline from the Aurface to the discontinuity layer, it was
Seldo:m that even an approach to complete homohalinity along the deep-water chan
~e: Was obAerved. The salinities for January, 1916, are typical: Area V, surface
l' ,3, 4 :meters 8.44, 9 meterA 12.92, 15 meters 14.31; area L, surface 14.36, 5 meters
4.92, 10 meters 15.72, 17 meters 16.87,25 meters 19.27, 31 meters 19.87; al'flA"G,

:~l'face 23.40, 8 meters 27.20, 17 meters:J2.54, 22 meters 32.57, Ocoasionally, how
thcr, as on January 25, 1921, at area .L, an approach toward an homohaline and homo
f ermonB condition was observed. The salinities were'lLS follows at 7.35 p. m.: Sur
.;;:,e 14.36, 10 meters 14.26, 20 meters 14.34,30 lli~ters Itrl.64, 33.9 meters 14.78.

e te:mperatures were: Surface 3°, 10 meters 3°, 20 meters 2.9°, 30 meters 3°,
1\)88·.:l0--.2
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33.9 meters 3.3°. The wind, temperature, and direction of the current at this time
were favorable for profound changes in the relation of waters of different salinities.
There was a moderate breeze blowing from north-northeast at about 15 miles per
hour, the sea was rolling, and there was an outgoing current moving slowly almoSt
without exception from surface to bottom throughout 24 hours of observation.
These conditions, together with a rapid fall in air temperature two days previous to
the time when the water samples were collected and a continued low air temperature
of about -4° C., were probably the cause of the almost homothermous and homo'
haline relations.

SALINITY OF WATER DURING SPRING

The salinity data for 1916 show that the deep-water salinity values found in the
bay were considerably less, with very few and unimportant exceptions, during the
March cruise than during the January cruise. The same was true for 1920 and 1922.
This relation did not hold in the lower half of the bay between the January and Mar~h'
April cruises of 1921. The exceptional mildness of the month of January, resultIng
in a flood of fresh water, probably accounts for the difference. The evidence on the
whole from the four years indicates, nevertheless, that in the spring there is a decrease
in the salinity of Chesapeake Bay. Such a condition would be expected, if for JlO

other reason than that in the spring months the maximum discharge occurs in the
larger rivers which empty into Chesapeake Bay. (Table 2.)

TABLE 2.-Temperaturcs and salinities at sluface, 20 meters, and 30 mel,ers. during March, for various
years and areas

Marth,19Hi ! Marth-April,1921
I------- i,----·----·--··-~-···----~-~·-·--·------

March, 1U22

Areas Teln~ 'remperature, 0 C. Salinity 'remperatllre, 0 C. Halinity
pers· 8H~ __~---
ture, Iillity. I I I '-,~ - -- - I I oW
o " " surfate Surface 120 me- I 30 me- Surface 120 me- 30 me- Surface 20 me- 30 me- Surface 20 me· I3~er,

surfate ters I ters ters I ters' ters I ters tel'S I

-n-._-__-._-._-.
I ---3~7' 2K 15 12, I I_~_~~~!~__.~~_ 27-;; ~-~~!~-;;;~,~~~ -IS,~jn ~_. .r::

A. _., . _. __ 3. I 20, 14 12. I I II. 3 I 11, 4 21, "1\ 24,1\2[' 21i,23 7, 3 7.0 1\, 7 1\1, :13 2:J. III I 18.:ltI
L_ .. _. __ ._ 2,a 15.17 10,9, .... _ 14.aO ._"" .... S, I 1\.2 Ii, 5 11,1\2 17.8\1 17,12
L __ __ ._ I.X 15.25 11.41._._._+ _ 1~.2.a .. __ .. __ . .. 7.2 ".7 I ".n 12.21 16.\1" _.. ,
H _.,,' I. 6 14.94 10,2 10,7 . __ .. __ . 13,94 14.20 ... ,.... 7.7 4.9 5.2 . ... __ ._ .. ' -.' .'

~c=:=:::: l:i :~:~~ :g:~ ,---9'-11'1'-'8,-4- I~:~~ '-iO,38--'i3'-53' n ----4'-5' ::---=:: I~J~ -'15'-26-1::':::::
~=:::::::: ~: ~_~g:~ _:~~ ~ 1:::=::::::: ~: iy ,-- ....--~L~, ..~: \.:.- .:': ~: ~~ I~, 7:. :::::.:

A discontinuity in the vertical distribution of salinity is usual along the deep;
water channel for the spring cruises, although the salinity is as a rule lower tban ~
other seasons of the year. At times, however, as in the early part of March, 192 d
when one of our cruises was made, the vertical distribution of salinity approacbe
homohalinity at several areas in the northern part of the bay. Only during the winte~
(fig. 10) and spring cruises has this condition been observed. On the morning °
March 6 we began to take samples at area U and continued their collection e<;e7
hour and a half until 11.45 p. nl. Throughout the day the salinities were unusual Y
similar from surface to bottom-for example, at 1.15 p. m., surface 10.05, 3 meters
10.11,6 meters 10.17, and bottom (9 meters) 10.71. At station 8748, between arelJ,S
Rand L, a similar condition was found: Surface 16.11, 10 meters 16.14, 20 mete~
16.14, 30 meters 16.16, 35 meters 16.22. The conditions were favorable for su~
distribution of salinity. At area U the sea was rough, a 15-mile wind blew from t

b
e

northwest, ice floes were in the bay, there was no dominating flood current, and t e
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air temperatures were exceptionally low. During the night of March 5, 1920, an
~"Ceptionally large drop in temperature occurred-from 46° F. (7.8° C.) to 18° F.
-7.8° C.), a drop of 28° F. (15.6° C.), in Baltimore.

SALINITY OF WATER DURING SUMMER

A discontinuity in the vertical distribution of salinity wns distinctly seen on the
summer cruises. This might be expected, since the time for spring freshets was over
alld there was less chance of a disturbance in the stability of the lavers. The maxi
WU1•n rains in the Chesapeake Bay region usually occur during the·summer months.
",~le they may cause a distinct decrease of temperature in the surface layers and
J 1 e, of course, the surface layers are diluted to some extent, our data, except for the
. Uy, 1916, cruise in the upper part of the bay, do not show any appreciable decrease
111 the salinity at the surface or in the deeper layers during the 1110nths of maximum
brecipitation. (Tuble 3.) The indications are that the effects of precipitation on the
hay itself are not very important in changing the salinity. No tendency toward 8.

hmohaline condition was observed during the summer cruises along the deep-water
e annel, and even in shallow water the range from surface to bottom was usually
~:llsiderable. Typical summer conditions for U, July 3, 1920, were as follows: Sur

ee, 6.80,5 meters 8.49,10 meters 12.24, 12.5 meters 13.31, nt 11.28 p. 111.; nnd for L
;~ 10.19 a. m., July 6,1920, surface 12.50, 10 meters 14.66, 20 meters 19.72, 30 meters

.20, 36.6 meters 20.22. Thnt the salinity values of the midsummer and late sum
~er cruises showed an increase over the low salinity values of the spring cruises may
s el·s~en from the data given under the section "Salinity at 30 meters and averages of
a 1n1ties."

SALINITY OF WATER DURING AUTUMN

fl .So far as our records show, the discontinuity in vertical distribution of salinity
f erS1sts in a striking manner into the autumn. During this season the discharge
fll'OIll rivers is at its minimum and the weather is usually exceptionally mild on Chesa
s:tk~ Bay. Possibly, but not probably, almost homogeneous vertical distribution of
fll1n1ty, occurred at times, but our records do not show that such changes have taken
t aCe. However, only two cruises have been made during the autumn-onc in Sep
~mber, 1916, and the other in October, 1920. During the cruises of the autumnotllths just mentioned the salinities, like those of the summer, were higher than those

the spring cruises. (Table 4.)
l'

.\lltE 3.-7'empemlure., and salinities at surface, 20 meiers, and 80 meiers, during July and August,
for various years and areas

July, 1916 August, 1920

Areas i 'remperature,· C. Salinity
Tempera·
lure, ·C., Salinity, ----.-.-. - ---.-. _ .• i------·

surface surface , I I
Surface ,20 meters I ao meters Surface 120 meters ao meters

( ! _.__ • ! I
{-. 2i.0! 1i.2 .... __ .... ~;~;~;!:..~:~~:~~r::::::::::::::: '.' ..--.--.--.--:'.' ..--.--:..--.-- :..-- :.:.: ..--::'.' ~~~ ~ ~~~. Zi. 0 22. 2 21 3 2'l 36 2" 43 28 OIlit.. 26.0 26.0 25:2 .•... -' __ ~~._J. ._~ ..
s ...:::::---- - -- --.--.--.--.--. "---25'-2- ----iii.-iii· ~~: ~ _._.:5._~. __ ._~5~~. g: ~~ .. _.~~._i~J._.~9~~~

f~~~~~H~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~ 1: t! -·"'~fr :::::::::: :::::::::: ----iH~' :: :::::::: :::: ::::::
__________ .- .• .•• •. _._ ••. ._ •...• _.• •• __ . __ .___ 2:1.5 . • __ .• ... . 4.i5 ._ .. __ .•.•.• _.. .
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TABLE 4.-Temperaturell and salinities at surface. 20 meters, and 30 meters. during September, october,
and December, for various years and areas

~====~~CC-'.' c~--==",.=_.:. __,~===_~-=~==,==,-~=,==:~~
[ • I

September. 1916, October. 1920 December, 1920

---I---..~--~.~-- ---- -------
Areas Tern-I i Temperature, 0 r. Ralinity Temperature, 0 C. Salinity

pera~ Salin- i--~------ __-------
ture tty, sur-, I I 30

°C., sur- race I' Sur- 20 I 30 Sur- 20 30 Sur- 20 30 Sur· 20 lets
face race meters i meters face meters meters face meters meters race meters We

-~-·-------------1------Z3-·.--4-- --Z:j.-.5~~:-~i~ --~-Z~-~~II---i~'-4- - ~?: ~ ~2ti'-i~- --Z7'-: f8: ~' n:~ ~----;Q~ ..~~._~~ ~~~~~-~
L_________ 24.1 14.54 20.0 19.3 19.5 14. R7 22.80 .__ U. 5 9.7 10.0 . __ ,. -"~.l
L . 19.7 19.5 19.3 15.89 20.20 22.24 8.7 10.1 10.1 15.14 19.51 iD.1l8

:::~:::::::: ---23.'9- --i2,-0.5- ---io'-z- :::::::: :::::::: --iii'7z- ::::::::1:::::::: ~:~ ~._5_ ----~~~- f::~ --~~'-~~- -----:::
X . 23.9 11.09 19.4 ._______ 13.70 16.00 7.9 8. 8 • . 12.42 12.84 -••••_--

0::::::::: ~~._~ ~'.~~_ f~:~ :::::::: :::::::: ---9'-25- ::::::::1:::::::: U :::::::r:::::: Ig:~

SEASONAL SURFACE SALINITIES DURING 1916

I have stated that the salinity values obtained during the different seasOIl~
indicate that in the spring the salintiy in Chesapeake Bay decreases markedly, tb~ .
in the summer it begins to increase again, reaching its highest degree ordinarilY l~
the fall and winter. Inspection of the surface salinity values obtained at arefl~
0, F, D, 0, B, A, II, J, I, M, X, and Z for the cruises of January, March, April, JUIl?~
July, and September, 1916, tends to support this contention so far as surface water I

concerned (Table 5), although in these data, as well as those which have been gi"e~
above, the water samples were not taken. simultaneously at the various areas, so tbfl~
they were not collected necessarily at the same stage of the tide. However, the r~t~_
close uniformity in the seasonal fluctuation of the salinity values for each are~ III ;e
cates strongly that they show, in a comparative way, the salinity conditions III t
bay.

TABLE 5.-Surface salinities during 1916

, seP'
Areas l~u- March April June July te~b~r: Are"" J:~yu, March April June July tewbet

y : ------._----.~----,~~~--,-----~~-----~---' 31
n .. 23.40 28.15 21.92 22.92 24.90 I H 18.53 17.30 13.21 14.33 15.99 l~:M
.!" 30.48 2.5.23 18.89 25.14 26.69 27.54 i 1. __ . 15.14 1.5.17 10.80 12.97 16.31 1~.ZI

D 19.86 18.46 17.18 g:~ 21.46 11.-...-----1 13.37 15.79 11.5.~ 13.24 11.78 13.~

~;:::::::::: ~n~ I }~: g~ l~: ~ I 21.17 ~U~ I ~:: M I ~--::::::::I ln~ g:~~ Ik ~ 1~: ~g nr l~:16
Am . __ 22.74 20.14 18.46 22.11 22..54 23.59 I z 1 9.29 10.01 3.35" 3.10 4.~

SEASONAL SURFACE AND 3o-METER SALINITIES FOR AREA L DURING 24 HOV~S

As further evidence supporting the belief that the salinity decreases in the spri~
and rises again to a maximum in the latter part of the year we have the data fTO

twater samples collected usually at 1Y2-hour intervals through 24 hours. Such dB ~
bring out the tidal fluctuation in salinity during that period as well as the challge•
from c~\lise to cruise (1920). be

The 24-hour observations were not begun at area L until the July cruise, but t d
single surface salinity determinations for area L in March and May were 15.87 llIl e
7.30, respectively. The data for the July and October cruises (1920) show an increBSb
over those of the May cruise, while on the cruise during the unseasonably mild mopt
of January, 1921, the salinity values decreased again. (Table 6.)
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30
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ters

16.80
15.34
16. 12
14.87
14.87
14. 64
14. 51!
14.87
14.34

Rur·
faee

13.64
13.64
13. Il7
14.15
14.52
14. 2ft
14.59
14.38
14.20

Period

Jan. 25-!6, 1921
10.30a. m ...•..
Noon.•.........
1.30p. tn .•. _..
3.00 p. m•.•..•
4.30p. m.••...
7.35 p. m .
3.006. m .
4.30 B. In.. ""
9.00 a. m.... _.

30
lue
ters

Sur·
facePeriod

I

I
Oct. 18-19,1920

Continued
19.18 9.00p.In 15.92 21.93
20.01 10.30p.IO 15.R5 21.112

i Midnight. 15.38 22.04

I I. 30!\. Ill _. 1.5.79 21. 88
22.30 3.00!\. Ill. "'" 15.77 21. 82
22.241 4.30a.Ill _. 15.68 21.75
22.34 6.00ll.In _. 15.76 21.61
22. 32 7.30 a. m...... 15. 71 21. 99
22.22 9.00 a. In 15.81 21. 87
21.35 ! ,I
21. 85 i I ,_ ..1. .__-----'-_--'__

I

Rur· ':~.!
face ters!

----I -----.---

Period

l'h A. similar condition may be seen for the salinity values at the 30-meter depth.
th e sIngle determination at 30 meters during the March cruise was 16.50, while
1908e of the July and October cruises (1920) were higher and those of the January,

21, cruise lower.
l'

AllLE 6.-Surface and SO-meter salinittes at area L. taken at frequent intervals during 24 hours, July
and October, 1920, and January, 1.9!!t

.~--=.=~===~.=============-~==
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face ters
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16.19 a. ~' 1920 JlllU 6-7, 1920-
11.49 a ."'" 12.50 20.20 Continued
1.19p·m 12.56 20.04 4.19a.In .•.... 12.7fi
2.49p· m•..... 12.57 19.98 5.40a. In 12.40
•.19p·m••...• 12.53 20.10
&.49 p' m •..... 12.66 20.00 Oct. 18-1.9, 1920
7.19p:~··"" 12.68 20.10 10.30 !I. In •....• 15.90
8.49p """ 12.68 20.04 Noon 15.89

16.19p·m••..... 12.fi6 20.00 1.30p.In 15.oo
11.49p· m 12.58 19.68 3.00p. In 15.86
1.19a·m 12.68 19.69 4.30p.In 15.05
2.49 a' m ...•.. 12.68 20.06 fi.OO p. In 1.~. 98

.m 12.73120.02 17.30p.m.. _ 115.92____ II
------------_._--~ .._-.__._--_.-- --- .._--_._-

RELATION OF SEASONAL SALINITY TO SALINITY OF COASTAL WATER

S The investigations of H. B. Bigelow (l9l7b) along the eastern coast of the United
tates in the region of Chesapeake Bay indicate that" the salinity of the coast water,

~o far as is known, rises during autumn and winter * * *". Water samples col
lected outside of the mouth of Chesapeake Bay on January 20,1914, and January 27,
t.916, at the depth of 18 meters showed that the salinity was 33.57 and 33.35, respec-
l"\7ely. (See Bigelow, 1917b,pp. 54, 55,60; and 1922,pp. 124, 181, 184.) While no

\\rater sample was collected below the surface at this sanie station in November, 1916,
~~er data indicate that the salinity at 18 meters was ab01.1t 33.00; at the surface in
111 8 same locality the salinity was 32.52. On the other hand, the salinity at 18

eters on August 21, 1916, was 31.02. These data, which were the ones directly
~:llcerned with Chesapeake Bay in Bigelow's study, indicate Il higher degree of salin
I Yfor the coastal water in the winter than in the summer.

The salinity determinations inside of Chesapeake Bay are, on the whole, in ac
COrd with Bigelow's tentative statement concerning the rising of the salinity of the
COastal water during autumn and winter.

SALINITY AT 30 METERS AND AVERAGES OF SALINITIES

The data that we have for salinities at 30-meter depths, although limited, sup
l>Ol't the view that the coastal water increases in salinity during the l",tter part of theihr after the floods of the first part of the year. At area A, off Cape Charles City,
28e Salinities at 30 meters on the following 1920 cruises were: March, 20.81; August,

.09; and October, 27.02. Near the middle of the bay at area L during the samer:ar and at the same depth they were as follows: March, 16.15; July, 20.26; August,
d .76; October, 22.24; and December, 20.10. Farther up the bay at area R the
11\ta at 30 meters for two cruises during 1920, were: March, 16.06; and Decembm',
9.68. No samples were collected at 30 meters during the Ja.nuary cruise.

. Those areas visited during 1920 also show higher surface salinities during the
~~lses of the latter part of the year. The following are exa,mples: Area 0, January,
)) .19; March, 20.64; May, 19.26; July, 20.54; August, 22.73; October, 20.28; and

ecernber, 25.20. Area A, January, 23.32; March, 18.70; July, 21.72; August,
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22.36; October, 21.99; and December, 22.78. Area H, January, 16.85; March,
16.22; May, 11.95; July, 15.57; August, 16.45; October, 16.74; and December,
18.25. Area X, January, 13.57; March, 13.77; May, 5.81; July, 9.40; August,
10.65; October, 13.70; and December, 12.42. .

During the year 1922 only 2 cruises were made, 1 in January and 1 in March,
and a distinctly lower salinity was found during the latter cruise. At area A, nea~
the mouth of the bay, the salinities at 30 meters for January and March were 25.Sj\.
and 25.10, and for area L, near the mouth of the Potomac River, 20.41 and 17.12.
similar condition was found at the surface and at 20 meters.

Averages of the surface salinities of 12 widely distributed areas (G, F, D, 0, ~, flJ
H, J, I, M, X, Z) during the cruises of 1916 show the seasonal condition mentlone

Sabove: January, 18.26; March, 17.88; April, 13.70; June, 15.85; and July, 16.8 .
Surface salinities for the September cruise were markedly higher than those of the
summer and spring cruises, but, owing to the fact that the data for areas Gand D ~re
lacking, no average is given for that cruise. Also the data at each area for each cflll

se

show a similar relation: Area A, January, 22.74; March, 20.14; April, 18.46; Jun;~
22.11; July, 22.54; and September, 23.59. Area H, January, 18.53; March, 17.3 ,
April, 13.21; June, 14.33; July, 15.99; and September, 16.31. And area X, JanuarY
11.13; March, 12.92; April, 5.88; June, 8.30; July, 5.41; and September, 11.09.

The data show that there was a minimum degree of salinity in Chesapeake l3ar
during those cruises taken in the spring months of 1916 and 1920, and that, in generll2
higher salinities occurred during the summer, fall, and winter cruises. Also in 192 f
the data show that salinities of the March cruise were distinctly lower than thOse?
the January cruise, but in the winter and spring of 1921 this relation was disturbed iJl
the lower part of the bay. It has been pointed out that the winter months, December;
1920, and January and February, 1921, were unusually mild in Maryland and thll
probably that accounts for the low salinities during that time.

A study, then, of the salinities of the various cruises taken on Chesapeake l3~
favors the view that a decided decrease in salinity occurs during the early part of t e
year and that later in the year there is a tendency for it to increase again. such ~
view is in keeping with the time of occurrence of the maximum discharge of the wa~eh
from the lar~e rivers entering the bay, and, as we shall see in the next section, Wity
the tendency for the more saline deep water of partly ma,rine origin to make its wa

up into the bay during the latter part of the year.

RELATION OF DIRECTION AND VELOCITY OF CURRENT AT 24-HOUR STATIO~S
TO SEASONAL SALINITY

It is evident that the degree of salinity depends on (1) the amount of fresh wa~~
brought in by rivers or by local precipitation, (2) on the amount of saline water broug f
in by the sea combined with (3) the mixing of these waters, and (4) the amoun.t °d
evaporation of the water. The records of the water-supply department of the UJ)1te s
States Geological Survey show that the maximum discharges of such large ri",ere :e
the Potomac and Susquehanna at points somewhat above their entrance into t e
Chesapeake occur during the spring months, March, April, or May, and t.hat tb
minimum disch.arges are in August, September, or October. These conditions alon:
would tend to establish a low salinity in the bay during the spring and a higher on
during the summer, fall, and winter. 18

On the other hand, Chesapeake Bay isa tidal estuary, although the tidal curreIl d
are weak compared to those of many other estuaries. A clearly defined ebb and floo
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of t~e water were made out at the areas mentioned below during the spring and summer
~ruises, but the current velocities, according to current-meter records, were quite
o~. During the fall and winter eruises, however, when the current velocities were
a httle higher, the alternating incoming and outgoing currents characteristic of tides
;er.e Usually not so evident, judging from our dftta obtained during 24-hour obser
l'ations at area U, near Baltimore, llnd at areas R, L, and Q, lower down in the bay.
bhese results are of interest in connection with the observations made by Canadian

o servers. (See Dawson, 1897.) Changes due to local precipitation and evaporation
Can not be made out, as a rule, from our data. Other changes due to more dominant
causes mask them.

.The fact that the water at 30 meters as far north as a little below Baltimore
(a~e.a R) may have a salinity of 20.00 shows, of course, that water of partly marine
Ol'lgin makes its way up in the bay. It is difficult to ascertain what factors bring this
condition about and whether the higher salinities sometime after the spring freshets
;re due to decreased pressure from the fresh water, to reaction currents resulting
rom outflow of surface fresh water, to the pressure of oceanic water resulting from the
~rtherly drift of the highly saline water of equatorial regions, to a combination of

ese factors, or to other factors. Irregularities in tidal flow due to hydrological
conditions in the upper part of the bay, the occurrence of spring Rnd neap tides, and
probably many other factors which add complexity make it difficult to analyze the
lllovements of the waters of Chesapeake Bay.
b Current records, however, at 24-hour stations do show at times what appears to
e a persistent, although not continuous, tendency for the rather highly saline waters

of the lower layers to move slowly into the bay. Areas Land R are both deep-water
areas situated in the deep channel where the movements of the more saline water
~a~ he observed. The records indicated that with the approach of autumn and
U~ng the winter months there was at times a persistent tendency for the highly

:~hne water of the lower layers to push its way slowly inwards, thus masking the
Idal movements, and that during the spring and. summer cruises this tendency was
~ot so evident, with the result that the tidal currents were more clearly seen. A
;lnilar condition has been ~bserved in Christiana ~iord by .Hjor~ Rnd Gran (1900).
d he movement inward durmg the autumn and wmter crUIses dId not seem to be
ependent on the conformation of the bottom, nor could it be related clearly to the
~currence of spring and neap tides. Undoubtedly, however, a nontidal factor (see

armer, 1925, and Zeskind and LeLacheur, 1926) was responsible for this ingoing
~ur:ent. The wind, ~s an e~ample, blows more frequently from ~ no~the~ly direction

Ul'lng the winter, whIle durmg the summer the more common dll'ectlOn IS southerly,
~ccording to Spencer. This would tend to move the fresher surface water oceanward
In the winter and as a result produce the so-called "reaction stream" of Ekman
(1876); the ltreaction current" of Helland-Hansen and Nansen (1909); ltcompen
~,atory bottom current," Johnstone (1923); It induction current," Cornish (1898);
. undercurrent," Dawson (1896), in which the deeper more saline water moves
~~ward from the sea. In summer, on the other hand, with the wind from the opposite
1rection such a tendency would not ~Bt.. . ..\, ;" i'

The discharge from rivers (another nontidal factor) would also bring about
COnditions such as those just described, but it is )lQt clear why the undercurrent
~O\Ting in an ingoing direction is so marked du.ring the winter months, when the
lSCharge from the rivers is not ordinarily at is heIght.
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Finally, it may be mentioned that so far as the time of the occurrence (autUJll!l
and winter) of a strong tendency toward an incoming current in the lower layers 1~
concerned, it would be permissible to relate that phenomenon to the influence. Db
the North Equatorial Stream and the Atlantic gyral (Gulf Stream eddy) of WhlCd
it is a part. It is known (.Johnstone, 1923) that the axis of this stream or drift a[l
also the rest of the Atlantic gyral shifts in a northerly direction during the sumluer,
reaching its northermost position in the autumn; and that in such regions a8 the
North Sea, Irish Sea, and Baltic Sea the culminating effect of this moving water oecurs
in March or in some regions later. Chesapeake Bay might he expected to show tbe

effect of this movement of saline water during the autumn and winter, but while the
data on salinity, temperature, current velocity, and current direction show that
there is at times an unusual inflow of saline water into the bay during the autunt.[l
and winter, there is no conclusive evidence to support the theory that this condition 18
hrought ahout by the northerly shift of the Atlantic Stream gyral alone or even in part.

TEMPERATURE OF WATER

It is well known that certain organisms are adapted to one range of temperatures
and that others flourish under a different range. Also, it is known that there are sont~
which are very hardy, heing able to live between widely separated extremes, all
that others are sensitive and can exist only within a small range of temperatures.
Such a dependence on temperature must necessarily be an important factor in deterdmining the latitudinal, seasonal, and vertical distribution of aquatic animals all t
plants. Furthermore, the degree of temperature undoubtedly is often an importall
factor in regulating the rate of reproduction, and extreme temperatures may at timeS
cause great mortality. Finally, it is believed that temperature is a factor which haS
an influence on the migration of some fishes. For these reasons water temperature
data have been recorded. A discussion of the data follows.

SURFACE TEMPERATURE AT MOUTH AND HEAD

The temperature data for the surface water collected at the mouth of Chesape8~
Bay on the various cruises showed a variation from about 4° C. to 27° C. at area ,
while at the head (area U) near Baltimore temperatures ranging from about 0.00 C·
to 25° C. were found. The data for January, March, April, June, July, SeptembC:;
1916; August, October, December, 1920; January, March-April, May-June, 1921 i a~
.January, March, 1922, show a. maximum surface temperature of 27 0 C. at area G~:
August, 1920, and only on one cruise a temperature as low as 3.7 0 C. (at area G1

March, 1916).
At area U, near Baltimore, the highest surface-water temperature recorded on our

erui~es was in August, 1920,24.8° C., and the lowest, 0.3 0 C. in January, 1921. Tb:
maXimum surface temperature seems to have been about the same for the mout
and the head; but the minimum was lower at the head than at the mouth, due undoubt-'
edly to the presence of ice floes and to slightly lower air temperatures during the
winter.

. Temperature data were collected also during January, March, May, and J111Y,
1920. The thermometers used during th\s period were tested for accuracy and the
necessary corrections were determined; but since they were not of the reversing type,
and hence not suitable for work at depths, it is considered best to disregard the results.
However, the surface readings for the latter part of the first week in March, Hl20,
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;ere frequently below 0.0° C.; and it is the writer's belief that the temperature of
f e surface water in the upper part of the bay reached temperatures below 0.0° C.
01' example -0.2° C. (salinity 13.67) on March 7, 192Q, at area W.

SURFACE TEMPERATURE FROM MOUTH TO HEAD

r Leaving out of consideration, for the moment, the surface temperature condi.
t~ons along the line E, F, G, which extends across the mouth of the bay, an examina·
~on of the surface temperatures observed during the cruises of the coWest months
~ the year suggest that, in,general, there is a decrease from a region near the mouth

ne D, C, B, A) to the head. The data consistently show a graded decrease; and
such a condition would be expected, but it must be remembered that our observations
Were not made simultaneously at the thirty-some areas distributed over the bay
and that, in fact, it took several days to complete the collection of the data. It is
~rdlY necessary to state that there was some change in the temperature conditions
.~om day to day so that a map showing isotherms for a cruise can give only a general
~ ea of the conditions over the whole bay. Such a map for the January, 1921, cruise
~s shown in Figure 13. The decreasing range of surface temperatures for January,
f916, 1921, and 1922 may be seen well in Table 1 where series are given for areas
rOm the mouth to head.
. During the cruises of the sprin!-!:, summer, and fall the surface temperature values

~th one exception did not show the decreasing range from the mouth to the head.
though not taken simultaneously, they indicate a more variable condition and

~In~lIer range during those .seasons. The exception mentioned above w~s found
t~l1ng the August, 1920, crillse, when, as may be seen from Table 3 and FIgure 11,
h e data showed a decreasing range of surface temperatures from the mouth to the
ead. These figures were rather surprising until it was seen by reference to the

:eather map of the United States Weather Bureau that shortly before the observa
IOns Were made at areas D, C, B, and A (August 21) the air temperature at Norfolk

reached 90° F. (32.2° C.) and at Baltimore only 70° F. (21.1 ° C.).
Much variability in temperature distribution is to be expected, especially at the

~~rfa?e, in a shallow body of water where a difference of 20° F. in the temperature of
. e all' over two different areas may occur at the same time so that maps showing
~otherms can give only approximate pictures of conditions. The map for the cruiset August, 1920 (fig. 11), shows a range of surface temperatures from 23° near the
bcad to 27° near the mouth, an unusual condition for which an explanation has just

een offered. The 27° isotherm is of special interest in this connection. A more
Usual condition for the warmer months is shown on the map for June, 1916. (Fig. 15.)
to The greatest differences in surface temperatures per unit of distance from mouth
() head were found, as in the case of salinity, near the mouth of the bay. They
~CUrred during the cruises of the warmer months, when thfl heated waters of the
th"ers and bay meet the colder waters of the ocean. As examples, in August, 1920,
{otre Was a difference of almost 5°C. between E and A; in June, 1916, there was almost
h C. diffl1rence between the two areas. During the cruises of the colder months,
wowever, such a rapid change ill passing from the line G, F, E to the line V, O;'B, A

as not observed. (Figs. 11, 12, 13, 14, and 15.)
In The range of surface temperatures passing from D, C, B, A out through the
t Outh of the bay by way of areas G, F, E showed almost invariably a decrease in

teInperature during the cruises of the warmest months, and an increase in tempera
Ure d .tIrIng those of the coldest months.
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SUREACE TEMPERATURE
AUGUST CRUISE ,Q20 •

o c.

FIGURE 11

SURr,6lt TEMPERATURE
OCTOBER CRUISE \Q20

o c.

FIGURE 12



BIOLOGICAL STUDY OF CHESAPEAKE BAY WATERS 301

SURfACE TEMPERATURE
.JANUARY CRUISE lUI

o c..

FIGURE 13

SURFACE "T EMPE RATURE
t1M,CH CRUIS( Iq2 f

• c.

FIGUIIE 11



302 BULLETIN OF THE BUREAU OF FISHERU:S

SURf"ACr- TEMPERATURE
JUNE:tRUISEJ'lI~

°C

•,,.
~.

~

~'lGURE 15



BIOLOGICAL STUDY OF CHESAPEAKE BAY WATERS 303

VARIATION OF SURFACE TEMPERATURE ACROSS BAY

Referring to the map showing the surface temperatures for June, 1916 (fig. 15),
one sees at once that the isotherms are arranged quite differently from those of
August, 1920. Here we see a condition which is more characwristic of the warmer
Inonths. The isotherms, during this cruise at least, run, more or less, up and down
the bay. This condition results from the warmer water being on the western side of
the bay, except along the line J, I, K, and also from the fact that temperatures from
north to south are close to uniformity.

After a study of the data for all the cruises it seems to be difficult to formulate
ally very definite rule,£or the distrubution of surface temperature with reference to
the east and west sides of the bay. However, it may be stated that, judging from
data collected during winter and summer cruises, warmer water lies decidedly more
°bften at area G than at area E. These areas mark the line across the mouth of the

ay. .
BOTTOM TEMPERATURE AT MOUTH AND HEAD

The highest and lowest bottom temperatures for area G at the mouth of Chesa
Peake Bay, as recorded on our cruises, were 21.0° C. in July, 1916, and 3.6° C. in
March, 191G, while at the head of the bay the highest and lowest temperatures at
V Were 24.4° C. in August, 1920, and 0.9° C. in January, 1921. It will be noted that
the range was considerably less for the bottom water than for the surface water both
at area G and at area U (surface 27.0° C. to 3.7° C. at G and 24.8° C. to 0.3° C. at U).
A smaller range would be expected at the bottom, since thltt water is not subject so
nl\lch to the effect of great changes in air temperatures.

DEEP.WATER tEMPERATURE FROM MOUTH TO HEAD

. The decrease in water-temperature values passing from the line D, G, B, A just
l~side of the mouth of the bay to the region near Baltimore (this leaves out of con
Sideration for the moment the region between D, G, B, A and G, F, E) was as marked
~r.the deep wawr during the cruises of the colder months as for the surface water.

T
hiS relation can be seen by inspection of the dnto, for 20 and 30 meters. (See

.abIes 1, 2, and 4.) As in the case of the salinity, the data could not be collected
SlInultaneously at all areas, but notwithstanding this they show consistently a de
creasing range.

The greatest differences in deep-water temperature per unit of distance from
Inouth to head were found near the mouth of the bay between D, G, B, A and G, F, E,
as in the case of the surface water. It was during the cruises of the warmest months
~f the year that the greatest range occurred. As examples, the difference in the

ottom temperatures between G and A (21.0° C., 24.2° C.) or G and D (21.0° C.,
~5.5° C.) in July, 1916, G and A (15.5° C., 21.3° C.) or G and D (15.5° C., 24.0° C.)
lllAugust, 1920, and G and A (15.2° C., 17.1° C.) or G and D (15.2° C., 19.1° C.) in
May, 1921, are of interest, especially those between G (the area through which most
of the oceanic water enters) and A, where the bottom temperatures for G, at about 20
llleters, are much lower even than those for A (about 43 meters). This condition sup·
Ports the statement that the bottom water, as well as the surface water, entering
the bay during the warmer months has a lower tempernture than that inside of the bay.

Deep-water temperatures, as in the case of the surface temperatures, show
almost invariably a decreasing range in the warmest months passing from D, G, B,
A. through G, F, E and an increasing range during the coldest months.
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VARIATION OF BOTTOM TEMPERATURE ACROSS BAY

The temperature of the bottom water depends upon several factors, the most iJn
portant of which are depth, presence of ice, inflow of water from the ocean, seasonal
changes, and to some extent sudden changes in air temperatures. Our records
show that on the summer cruises the coldest bottom water was found along the deep
water channel G, A, H, J, L, R, S, X, and Yand that on the winter cruises the bottoJll
water of this channel was the warmest. Locally, at times during the autumn or
winter and occasionally during the spring the temperature relations just mentioned
were not so marked. The bottom temperatures along a line across the bay cutting
the deep channel may show an approach to uniformity, notwithstanding large differ
ences in depths. As examples, in the spring, during the March cruise, 1916, tbe
bottom temperatures for D (5.5 meters), 0 (11 meters), B (12 meters), and A (40

meters) were 3.3° C., 3.3° C., 3.3° C., and 3.4° C., respectively, while in January,
1916, for the same areas the temperatures were 3.3° C., 3.9° C., 3.8° C., and 4.3° C.
During the summer cruises, July, 1916, the bottom temperatures for D (6 meters),
o (10 meters), B (12 meters), and A (42 meters) were 25.5° C., 24.9° C., 24.4° C.,
and 24.2° C.

VERTICAL DISTRIBUTION OF TEMPERATURE

The vertical distribution of temperature depends on many factors among whicb
are: Seasonal, diurnal, and sudden local changes in air temperature sometimeS
accompanied by vertical circulation; strength and direction of the wind; relative
thickness of fresh-water layers coming from the rivers and the more saline layers
derived from the ocean; the relative temperatures of the fresh water and saline water
layers; the cooling effect of the rain on both air and surface water (Krummel, 1911);
the decrease in temperature due to ice floes; and the depth of the water.

As might be expected, the greatest range in temperature from surface to bottoJll
was founa in the deep channel. Area G, at the mouth, showed the most extensive
range-for example, in August, 1920, surface 27.0° C., bottom (23.6 meters) 15.5° C.~
and in June, 1916, surface 20.5 ° C., bottom (22 meters) 10.7° C., a difference of 11.5
C. and 9.8° c., respectively.

An examination of the vertical temperature series shows that sudden breaks in
temperature occur in the region of 10 to 20 meter depths. These changes are most
clearly marked in the deeper parts of the bay and are most commonly observed whe~

the water is stable or "harder" as Sandstrom (1919) describes it. Water in tblS
condition shows layers of increasing density and usually increasing salinity passing
from the surface to the bottom, and such a condition is characteristic of the warmer
months of the year. A rather common summer condition for temperature, at least
during the warmer part of the day, is that obersved at area R during June, 1921

(surface 20.0° C., 10 meters 20.0° C., 20 meters 15.5° C., 30 meters 15.3° C., 40 meters
15.3° C., 47.6 meters 15.1° C.). The layer showing the sudden decrease in tempera
ture between 10 and 20 meters, which is evident in the series, is what is called tbe
"Sprungschicht" by Richter (1891) and Krummel (1911), "discontinuity layer" b~
Murray and Hjort (1912), "thermocline" by Birge (1898), and "transition zone'
by Whippel (1914). This decline in temperature corresponds very definitely in deptb
with an increase in salinity. (Surface 11.20, 10 meters 11.68, 20 meters 19.42, 30
meters 19.66, 40 meters 19.80, 47.6 meters 19.78.) A similar relation between teJll
peratures is often seen during the warmer months but frequently the corre8pondence
in depth with the salinity increase is not so definite as in the case mentioned. Indeed,
there is evidence indicating that the discontinuity in temperature may be disturbed
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?y a drop in temperature due to rain, cloudiness, or other factors. As ad example,
~n July, 1916, the surface temperatures at practically all stations on the bay were
OWer than those a few meters below, a condition which was not found usually during
Continued fair weather on the cruises of the summer months. At area H the tempera
tures were as follows: Surface 25.2° Co, 8 meters 25.6° C., 16 meters 25.3° C., 26
Ill.eters 24.5° Co, 36 meters 25.0° C., 46 meters 25.2° C. During June of the same
Year at area H a summer condition was found-for example, surface 20.3° C., 9 meters
19.3° C., 18 meters 17.7° C., 21 meters 17.6° C., 27 meters 17.2° C., 31 meters 17.0° C.,
and 41 meters 17.2° C. The records of the United States Weather Bureau show that
during the July cruise there were heavy rains in regions about and on Chesapeake
Ray. It seems highly probable that they account for the low surface temperatures.
(See Krummel, 1911.) An equally interesting cruise is that of August, 1920. Areas
G, F, A, and B, near the mouth of the bay, 'were visited on August 22 and showed a
\Tery marked thermocline-for example, at G, surface 27.0° C., 10 meters 20.2° C., 20
Ill.eters 17.2° C., and 23.6 meters 15.5° C. Similar exceptionally high surface temper
atures, even for summer months, were found at areas F, A, and B. This condition
seems to be traceable to high air temperatures in that region. (Maximum at Norfolk
90° F. (32.2° Co) and minimum 68° F. (20.0° C.) on August 20.) Farther up the
bay the air temperatures and the surface-water temperatures were much lower.
(Maximum air temperature at Baltimore 70° F. (21.1° C.) and minimum 68° F.
(20.0° Co) on August 20.) The thermocline was obliterated at practically every
~tation and frequently the surface temperatures were lower than those a few meters

elow. Observations made at area V, near Baltimore, on AllgUSt 26, showed, as an
e~ample, surface 23.5° C., 5 meters 24.4° C., 11 meters 24.2° C., at 12 noon. The
nIght before these data were obtained the temperature at Baltimore had dropped to
as low as 64° F. (17.8° C.) with a daytime maximum of 74° F. (23.3° C.), according
~o the records of the United States Weather Bureau. Several days of rainy weather
Ill. the region of Baltimore and Washington had preceded August 20, so it seems
Probable that the rain was also a factor in bringing about the lowered temperatures
at the surface.
R Ice floes have an efl'ect on the distribution of temperature in the Chesapeake

ay. This was evident at area U during January, 1921. Observations were mad(~

of temperature and salinity at IX-hour intervals for a good part of 24 hours, but
~oward the end of that period observations were discontinued on account of the fioat
1ll.g ice which interfered with the instruments. Before the ice disturbed the work, the
tYPical distribution of winter temperature was observed hour after hour-for example,
~t 4.05 a. m., surface 2.1 ° C., 5 meters 2.9° C., 11.9 meters 3.5° C. When the ice
SOes appeared at 5.35 a. m., however, a mesothermous distribution occurred as follows:
urface 0.3° C., 5 meters 1.6° C., 11.9 meters 0.9° C.

SEASONAL DISTRIBUTION OF WATER TEMPERATURE AND SALINITY

'1'EMPEUATURE OF WATEU DURING WINTER AND INFLUENCE OF OCEANIC WATER

h The range of temperature values observed from the mouth of the bay tdwafd ·the
2ead varied with the season. A study of the winter data at the surface and at the
~ a.nd 30 meter depths along the deep-water channel, areas A, J, L, H, S, X, Y, and

,shows a decreasing range with some irregularities from the mouth toward the head,
:s shown in Tables 1 and 4. The largest irregulari~ies in ine decreasing range of the
O-Ill.eter temperatures occur at areas J and L, whIch are close to the mouth of the
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Potomac River. The reduced temperatures at these two areas are probably due to
the large volume of colder, fresh water forcing its way in from the Potomac River,
as seen in density profiles. Ordinary daily variations in air temperature should not
cause the irregularities mentioned at 30 meters, but the surface water temperature
would, of course, be affected by them.

Data for area G, which marks the main entrance into the bay, are included in
the following discussion in order to show the influence of the oceanic water, althoUgh
the depth at this area does not equal 30 meters (22 meters in .January, 1916,22.9

meters in January, 1921, and 23.8 meters in January, 1922). The data for area S
in 1916 were obtained from a station near area S.

The decreasing range of temperature values from mouth to head shown in Table
1 may be ascribed to a difference in latitude, but there is evidence which indicates thst
the higher temperature at G, the deepest area in the mouth of the bay, is due, in part,
to the entrance of warmer water from the ocean. The bottom reading at G during
the January, 1916, cruise was 6.1 ° C. (22 meters), a temperature higher than that
observed at any area or any depth in the bay during that cruise-considerably warmer
even, than those at area G', near Norfolk. The temperatures inside of the bay, then,
show that the comparatively high bottom temperature at area G, in the mouth of the
bay, has its origin from some other source. The data from the cruise of the U. S. S.
Roosevelt off the mouth of Chesapeake Bay during January and February, 1916, (see
Bigelow, 1917 b), show that the temperatures out to about the 20-meter contour were
between 6° C. and 7° C. from the surface to the bottom, and that at the 200_meter

contour they were considerably higher than nearer shore. These observations, how'
ever, were made about two weeks after the time the observations were made at (J,
but it is very probable that similar relations existed two weeks earlier. Tempera'
tures of 10° C. and 12° C. were found over the continental slope-for example, in t~e
region of the 200-meter contour. It is evident that there was a gradual increase )11

temperature at the surface and at depths from the shore outward; and it is practicallY
certain that the warmer water at G had a higher temperature, owing to the fact that
its origin was largely oceanic. It is through this area that the bulk of the salt water
usually finds its way into the bay. At the time the temperature observations were
made at G, the salinity at 22 meters was 32.57, the highest found on that cruise in the
mouth or anywhere else in the bay. During January, 1921 and 1922, the highest
bottom temperatures for the whole bay were found again at G, with the exception that
in the latter year the temperatures at F equalled those at G. It is quite probable that
the comparatively warm water of the ocean during the colder months of the year haS
a tendency to raise the temperature of the water of Chesapeake Bay. The tempera'
ture conditions at area G, the occurrence of water of fairly high salinity in the north~rn
part of the bay, and the distribution of certain marine organisms are in keeping W)th
this theory.

The vertical distribution of temperature during the winter cruises was found to be
characterized by a low temperature at the surface and an increasing range frOlIl the
surface downward (Katothermous, following Krummel, 1911), as atarea GinJanuarY,
1916, surface 4.1, 8 meters 4.9,9 ll'l.etcrs 5.6, 17 meters 5.8, 18 meters 5.9, 22 )l1cters

6.1; and at area R during the same cruise, surface 1.1, 5 meters 1.2, 9 meters 2.2, 1~
meters 3.4,27 meters 3.6, 36 :rtte'ters3.8. A similar condition may be seen at area <I
in December, 1920, surfa~ 10.5,10 meters 10.8, 20 meters 11.3, 22.9 meters 11.6, an
at many other areas. But there are times during the winter when close approaches
to uniformity of water temperatures from surface to bottom occur. Such tempel'fJ'
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t~res were observed during the month of January, 1921, which was an exceptionally
trtild month in Maryland at least. Ice floes were so common during the cruise in the
IlPper part of the bay that they interfered with the instruments. The 24-hour current
ltleter records at area L near the mouth of the Potomac River showed a dominating
;~tgoingcurrent from surface to bottom, which, however, was as usual of low velocity.

e salinities were remarkably low at all depths for that time of the year, and at
ltla?y areas there was, for such a body of water as Chesapeake Bay with its highly
~al1able temperatures, a rather close approach to uniformity from the surface to the
ottom. So there is much evidence to show that the bay had been flooded, probably

gradually, with almost homothermous water of low salinity similar to that of the
sPring freshets. This condition combined with the freezing air temperatures, which
~Ccurred at the lower end of the bay during the January cruise (see U. S. Weather
c ~eau records for Norfolk, two days before our observations were made) and which
hIlled the upper layers, was undoubtedly largely responsible for the almoethomother

ltlous gradient from surface to bottom.

TEMPERATURE OF WATER DURING SPRING

f The data collected on the spring cruise, as for the winter cruise, range decreasingly
Of the most part from the mouth toward the head. This is shown in Table 2,
~lthough it will be seen that there are some irregularities-for example, high surface
1emperatures at the upper end of the bay during March, 1922, and March-April,
t921, cruises. The temperature values for the bay were somewhat higher during
hree of the spring cruises, but in March, 191G, the readings, especially at the bottom,
;n lower than during any of the winter cruises. According to the United States

eather Bureau this was an exceptionally cold March for Maryland. There was a
~ellIarkable unbroken period of low daily air temperatures recorded. The tempera
.'lre Observations made at G during the March cruise, 1916, were the highest observedi t~e whole bay, as was the case during the winter cruises, but in the data for the
~111, 1916, March, 1922, and March-April, 1921, cruises this relation was not so

e':dent. Apparently during those months the change was taking place from the
WInter condition to that found during the summer cruises in which the bottom
\\rater temperatures at G were cooler than those observed at other areas in the bay.

The vertical distribution during the spring cruises varied like that of the winter
~eason. On the March cruise of 1916-the exceptionally cold March-the tempera
t~es showed a close approach to uniformity (homothermous), as at area G where
a e following readings wer.e made: Surface 3.7,5 meters 3:8, 10 meters 3.7, 20 n~eters
.5, 22 meters 3.6. OccaSIOnally the surface water was a little warmer than the mter

ltlediate layers, and below the latter the temperatures increased again (dictothermous),
~s dUring the Mnrch-April cruise, of 1921, at area A: Surface 12.1, 10 meters 11.2,
~ meters 11.3, 30 meters 11.4, and 42.5 meters 11.5-01' as during the March cruise

~ .1922 at area J: Surface 8.1, 10 meters 6.2, 20 meters 6.2, 30 meters 6.5, 40 meters
.2, 43 meters 6.6. Often on the March cruise and more often on the March-AprilCr .

p Illse, however, the surface water was the warmest, and there was a decrease in tem-
eratures passing downward (anothermous). In March, 1922, at area G, as an

::tallIPle, the temperatures were as follows: Surface 8.9, 10 meters 6.6, 24 meters
.5jand at area X, surface 8.2, 10 meters 7.2, 20 meters 4.5,26.5 meters 4.0.

1988-3<J..-..-3
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TEMPERATURE OF WATER DURING SUMMER

It has been pointed out, under the section devoted to the surface temperature
from mouth to head, that the distribution of the surface temperatures during the
summer cruises was quite variable. There are indications that the surface tewperll
tures may be much warmer at the southern end than at the northern, as when op

August 21, 1920, the air temperatures were high at the lower end of the bay and loW
temperatures and rainy weather prevailed at the upper end, or warmer at the northerP

end than at the southern, as during the cruise of July, 1916. At the bottom ther~
was evidence to show that the winter condition had been reversed, so that the coIdes
water was at the mouth of the bay. These conditions at 20 and 30 meters are illus;
trated in Table 3. It is clear that there was an increasing range of deep.W~t:s
temperatures (as an example, at 20 meters) passing from 0 to A. On these cfllls(]
the lowest temperature observed in the whole bay was that at the bottom of area ~
just the reverse of the condition existing in the winter, when the highest temperaturde
observed in the whole bay were at the bottom of the same area. Observations IJlIl 0
outside of the bay at the beginning of the August cruise show that as far as the 20

1meter contour, the temperatures (from 8° C. to 10° C. at all depths) were considerab Y
lower than those of the bay and in a decreasing range as far as the 80-meter contour~
Also, the temperatures at the surface were somewhat less than those of the surfae

of the bay. s
During the summer cruises the surface water was found to be almost a1\V~Yg

the warmest, during the warmer part of the day at least, the temperature decreasiJl
rs

with the depth (anothermous), as in August, 1920, at 0, surface 27.0, 10 weW s
20.2,20 meters 17.2,23.6 meters 15.5; and at R, surface 24.2, 45.8 meters 23.9; or ae
in May, 1921, at 0, surface 19.0, 10 meters 17.4,22.8 meters 15.2, and at R, surfB~.
20.0, 10 meters 20.0, 20 meters 15.5,30 meters 15.3,40 meters 15.3,47.6 meters 15dy
The cruise of July, 1916, was made during a time when there was much rain and clou e
weather, and it had a marked effect on the vertical distribution of the temperBtu~o
At A the temperatures were as follows at 9 a. m.: Surface 24.3, 5 meters 24.9, 5
meters 24.6, 20 meters 24.1, 30 meters 23.9, 40 meters 24.1; and at R, surface 25.246
meters 25.5, 10 meters' 25.5, 20 meters 25.0, 30 meters 24.6, 40 meters 24.9, res
meters 25.2 at 1.35 p. m. In general, all over the bay the surface temperatu, "

d'Uov
were somewhat lower than those of the water a few meters below, and this con 1

was independent of the time of day.

TEMPERATURE OF WATER DURING FALL

During the cruise of September, 1916, the temperature values observed att~
bottom (no data at 20 and 30 meters are available) showed an increasing range fro (]
the mouth northward as during the summer. No data were obtained at arell y
during that cruise, but at both F and E, which are areas in the mouth of tb~ b:b~
the bottom temperatures were 22.8 at 13 meters and 22.2 at 16 meters, while ter
bottom temperatures for the following areas, marking regions of considerably greB pd
depth even than those of F and E, were higher: A 23.4, J 24.6, S 24.8, X 24.8, Il ZO
Y 24.8. During the cruise of October, 1920, the range of temperature values for of
and 30 meter depths indicated that the summer condition was changing into tbat

ter
the winter, while the data for the December, 1920, cruise indicated that this lat tb
condition was established, the temperatures decreasing in range again from the IJlO~
toward the head with the highest temperature in the whole bay at D. (Table 4.
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Date Aree Tempera- Sellnlty Depth, Date Area Tempera- Sellnlty De~th,

~
tore, 0 C. meters tore, 0 C. me era-------

U 9.0 5.22 0 Mar.:n, 1922_____ ••••• __ L 5.6 17.12 10
6.4 8.22 5 5.4 17.22 40

~Ilr. 2'7,1922____ • _______ 5.0 10. 83 11 Mar. 25, 1922. _•••••••••• 0 8.9 18.36 0
L 7.2 12. 21 0 6.6 10.65 10

5.8 14. 54 10 6.5 31.10 :M.
6.7 16.96 20

The cooler weather of faU brings with it a lowering of the temperature of the
~pper layers of Chesapeake waters, while those below, as pointed out by Hjort (1896)
l°r Norwegian fjords, often retain their summer condition, thus resulting in a warmer
aYer being found between upper and lower cooler ones (mesothermous). Such a

"ertical range of temperatures was widespread over the bay during the cruise of
~Ptember, 1916. This condition is well illustrated at area A: Surface 23.4,7 meters
2:.4,14 meters 23.9, 22 meters 24.1, 32 meters 23.6,42 meters 23.4; at area J, surface

.1, 5 meters 25.0, 10 meters 24.7, 17 meters 24.6, 27 meters 24.6, 37 meters 24.6;
;:d at area X, surface 23.9, 7 meters 24.9, 14 meters 25.0, 24 meters 24.8, 34 meters
S .8. According to the United States Weather Bureau, this was a decidedly cool
eptember except during the first week. In fact, on the day the cruise was begun
~SePtember 8) the air temperatures at Baltimore, Washington, and Norfolk reached
1
40 F., 93° F., and 90° F. (34.4° C., 33.9° C., 32.2° C.), respectively, but a drop of
2,5, and 4 degrees, respectively, occurred the next day and decreases in tempera.ture

cont'Inued for several days after that. On the other hand, October, 1920, was a warm
lnonth, and at the same areas the following readings were obtained: At area A,
SUrface 20.4, 10 meters 20.1, 20 meters 20.0, 30 meters 19.4, 40 meters 19.3, 44.8
~eters 19.3; at area J, surface 20.0, 10 meters 19.8,20 meters 19.3,30 meters 19.5,
oIneters 19.1, 43.0 meters 19.2; and at area X, surface 19.4, 10 meters 19.9, 27.5

feters 20.2. The lower bay, in general, showed a decreasing range of temperatures
.;~In the surface downward which would be in keeping with the high air temperatures.

e surface temperatures, however, at X and at a few other areas, especially in the
~orthern part of the bay, were found to be a little lower than those of the layers
lllunediately below.
t During the December cruise of this same year (1920) the autumnal condition had
aken on the winter condition (katothermous), with a few exceptions.

StAsoNAL DISCONTINUITY OF VERTICAL DISTRIBUTION OF TEMPERATURE

Under the section in which the vertical distribution of temperature from the
sUrface to the bottom is discussed, it has been pointed out that the thermocline (dis
~~ntinuity layer, Sprungschicht) is frequently seen in Chesapeake Bay and that ath:es its position coincides with a similar discontinuity in salinity. Such a condition

been noted in the Norwegian fjords, the Baltic Sea, and other localities. (See
~ru.Inmel, 1907, p. 395.) The thermocline is most marked during the warmer months,
~nce it is the heat of the summer sun's rays that brings about the increase in tempera
l)tlre.of the upper layer, thus separating it from the .cooler m~ss of water below.

lUing the cruises of April and June, 1916, the thermochne was eVldent at many areas
~n the bay. But such a condition is not necessarily limited to the warmest months,
~r dUring the cruise of March, 1922, when the waters were still cold, a distinct thermo

C ne Was noted. The data for areas U, £, and G are given in Table 7. At area U
~bBervations were made during the night as well as during the day and the tempera
tlres Were almost invariably higher at the surface than at 5 meters.

~ 7.-Temperaturu and salinities at flarious depths on March, 19S5, cruise
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On the other hand, during some of the midsummer cruises, such as July, 1916,
and August, 1920, the thermocline was practically obliterated in the bay, owing t~
rain in the first case and cool weather in the second, aided probably by wind an
currents. The records show, as would be expected, that the temperature of the
upper layers drops during the night and rises during the day; but, independently of
this, discontinuity layers occur corresponding to the warm and cold parts of the year
and often in accordance with the origin of the upper and lower layers of water. On
the August cruise the temperature and salinity data were as shown in Table 8.

TABLE 8.-Temperatures and salinities at various depths on August, 1920, cruise
~

Deptb,
wotetS

----30
31
o

10
20
:l3

~

Date Area Tempera· Salinity Depth, Date Area Tempera· Salinityture,· C. meters ture,· C.

------ ------
AugUst, 1920•••.•.•...... U 23.5 4.75 0 August, 1920.• __ .•...•..• L 25.0 19.76

24.4 14.21 5 24.8 20.50
24.2 15.21 11 Do...•..........•.. _. G 27.0 22.73

Do___•.•••_. _•••••.• L 25.5 13.72 0 20.2 29.05
25.5 13.72 10 17.2 31. 26
25.5 13.77 20 15.5 31. 74

It will be noted that the thermocline is conspicuous at G, the result of high air
temperature in that region. Farther north, where the thermocline was not so evident
or lacking, the air temperature was about 10° C. lower than in the region of G.

While the thermocline is more or less characteristic of the waters of Chesapeake
Bay during the warmer months, a discontinuity in the degree of temperature and
salinity often occurs during the winter. This condition is the reverse of that during
the summer because there is an upper layer of water which is distinctly colder than the
water below. This is most conspicuous along the deep-water channel. The fresher
and lighter, although colder, water from the rivers lies over the muoh warmer but
much heavier saline water having its origin from the ocean. Excellent examples of
the discontinuity just mentioned occurred when the cruise of December, 1920, was
made. Data for areas U, L, and G are shown in Table 9.

TABLE 9.-Temperatures and salinities at various depths on December, 19fi!0, cruise

=-
Date Area Tempera- Salinity Depth, Date Area Tempera· Salinity

DeptlJ,
ture,· C. meters ture,· C. metetS

------ ----------December, 1920______ ._ •• U 5.8 0.70 0 December, 1920.. _•••.... G 10.5 25.20
0

105.9 6.02 I) 10.8 28.76 2iJ9.0 14.02 11 11.3 30.22 :l2Do __ ._._. __ ... ____ ._ L 8.7 15.03 0 11.6 30.96
8.6 15.21 10

10.0 20.01 20
10.1 20.13 30
10.1 20.21 37

DELAY IN SEASONAL CHANGE OF TEMPERATURE

The "Phasenverzug," a condition described by Krummel (1907) in which there
is a delay in the change of temperature of the bottom water, so that it does not reaob
its maximum temperature in midsummer but in the fall and does not reach its mini
mum temperature in the midwinter but in the spring, can not be said to be ft fixed
condition in Chesapeake Bay, such as it is in the English Channel according to Dickson
(1893). The time of occurrence of maximum and minimum temperatures varies
somewhat with the year. There are indications from the data obtained on our cruiseS
that the minimum bottom temperature occurs sometimes in midwinter and sometimes
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1n the early spring and that the maximum bottom temperature is attained at times in
the late summer and at times in the autumn.

BACILLARIOPHYTA

DIATOMS

h The indentifications of the diatoms found in the plankton of Chesapeake Bay
ave been made by Dr. J. ,T. Wolfe, and the original list may be found in a paper by

Wolfe and Cunningham (1926). A considerable number of bottom diatoms stirred
~p by currents and semibottom difitoms are included. The discussion which follows
1S based on data tabulated by Doctor Cunningham.

GEOGRAPHICAL DISTRIBUTION

. An examination of the list of diatoms with reference to the recorded distribution
1n other parts of the world shows that the various species mentioned may be classed
~s fresh water, braekish water, and marine diatoms. It is evident, judging from what
1S known of the distribution of marine diatoms in other regions, that those found in the
bay inelude some neritic species (bottom or semibottom forms) which are not placed
~tnong the true planktonic forms, some which are considered to be true planktonic forms
1nhabiting coastal regions (neritic), and still others, also planktonic, whieh are spoken
()f as oceanic forms since they are ordinarily found outside of the coastal regions in
the great ocean currents where the salinity is high. Furthermore, a glance at the list
of neritic and oceanic species of diatoms shows that if we follow Cleve's (1897, 1901-02)
grouping into arctic, temperate, and tropical forms all three groups are represented in
Chesapeake Bay, although naturally the temperate forms are much in excess of the
others. The grouping in the list given below is based on that of Cleve, but it has
been modified to some extent in the light of the more recent work of Gran, Osten
feld, Lemmermann, Karsten, Johnstone, Bigelow, and Fish. Unfortunately, our'
knowledge of the distribution of the various species of diatoms, even in the Atlantic
~cean, is still imperfect and the different groupings overlap one another to a con
s1derable extent, so that the distribution given must be looked upon as tentative.

The following marine planktonic diatoms have been found in Chesapeake Bay.
~pecies of Coscinodiscus and other species, concerning which there is confusion as to
Identification, have been left out. Those listed have been arranged according to their
USually accepted distribution with reference to the arctic, temperate, and tropical
regions of the Atlantic Ocean.

Neritic, Arctic: Biddulphia aurita (Lyngb.) Breb.
Neritic, Northerly Temperate: Ghaetoceras teres Cl., Leptocylindrus danicu8 C1.,

Rhizosolenia setigera Brightw., Skeletonema costatum (Grev.), Thalassiothrix nitz
8?hioides Grun. Another form which may be included in this group but whose posi
tion is somewhat uncertain is Nitzschia longissima (Breb.) Ralfs.

Neritic, Southerly Temperate: Biddulphia mobiliensis (Bail), Gerataulf,na
bergonii Perag' j Ditylium brightwellii (West) Grun., Eucampia zodiacus Ehr., Guin
ardia, jlaccida (Castrac.) Perag. The following may be placed in this group, but
their distribution is still uncertain: Bacteriastrum varians Lauder, Bellerochea malleus
(Brightw.), Lithodesmium undulatum Ehr., Rhizosolenia calcar avis Schultze, Rhizo
80lenia stolterJothii Perag.

Neritic, Tropical: None.
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.~--------------
, RIII:o,ol,,,la 1I,bflal4~,ar.:Ifmloplfl4 <Renteu) .
• hrl#lf4IUlC4tO (!hr.).

Oceanic, Boreal Arctic: Rkizsolenia semiapina Hensen/ Ohaetoceras decipiens

Cleve.
Oceanic, Temperate: Rhizosolenia alata Brightw., R. styliformis Brightw. The

inclusion of the following species in this group is not as yet fully established: Thalr
assiothrix frauerifeldii Grun.

Oceanic, Tropical: Planktoniella sol (Brightw.) Schuett.
In addition to the true marine planktonic diatoms the following marine, bottom,

or semibottom (tycopelagic) diatoms (Ostenfeld., 1913) occurred abundantly ~t
times: Actinoptychus undulatus (Kuetz) Ralfs., A. splendens (Bail) Ralfs., Donkin¢;
recta (Donk.) Grun., Hyalodiscus stelliger Bail., Melosira sulcata (Ehr.) 8 Kutz.,
N. bombus (Ehr.) Kutz., N. cancellata Donk., N. humerosa Breb., N. smithii Breb.,
Pleurosigma affine Grun., P.fasciola (Ehr.) W. Sm.

A few fresh-water or so-called brackish water forms were found and are here
~~: .

Asterionella formosa (Hass.), Bacillaria paradoxa Gmel., Oampylodiscus echene't8
Ehr., Navicula borealis (Ehr.) Kutz., Nitzschia plana W. Sm.,N. sigma (Kutz) W. sm·,
Pleurosigma balticum W. Sm., Raphoneis amphiceros Ehr.

Referring to the above list of those neritic species of marine, planktonic diatomS
whose distribution in other regions is well established, we find the arctic, temperate~
and tropical groups represented in Chesapeake Bay as follows: Arctic neritic, 1,
northerly temperate neritic, 5; southerly temperate neritic, 5; tropical neritic,. ~
Practically all the neritic diatoms belong to the temperate group. True tropI~

neritic diatoms have not been found, and only individuals of one species ordinarilY)
classed as an Arctic form have been taken. This diatom, Biddulphia aurita (Lyngb.
Breb. was collected once in Chesapeake Bay during March, 1916, at area A in It SlIT"

face sample. It was found to be common, according to Mann (1894), in deep-wa~er
dredgings off the mouth of Delaware Bay; it has occurred as an occasional speclell

in Massachusetts Bay (April, 1913) according to Bigelow, and was common thro~gh"
out most of the year 1916 (possibly 1915) in the Bay of Fundy according to Bailey
(1917). Gran (1919) has found it a little farther north in the Gulf of St. Lawrence,
and finally Cleve (1897) mentions it as occurring rarely in a few samples in Baffinll

Bay and Davis Straits. t
The ?ceanic diatoms are distributed in ~egard to .number of species in th? differelld

geographic groups as follows: Boreal, arctIC oceanIC, 2; temperate oceanIc, 2; an
tropical oceanic, 1.

Albert Mann (1894) has studied the diatoms dredged by the U. S. S. AlbatrOS;
in 813 fathoms (1,487 meters) of water off the mouth of Delaware Bay, and has foull
a large number of species many of which are fresh-water forms characteristic of ri"erll
in that latitude. He believes that they have been supplied largely by the DelaW~re
River. In addition to these fresh-water forms, however, there are many IIlaf1~~
forms, a few of which, as Mann says, may have been deposited there by the GU.
Str",am. Those diatoms common to both regions are the following: Navicula boreaJM

Ehrb., Raphoneia amphiceros E., Actinoptychus undulatus Ehrb., A. splendens Ralfs.,
Melosira sulcata Kz., Navicula humerosa Breb., N. smithii Breb., Pleurosigma af/in:
Grun., Biddulphia aurita Lyngb., Ditylum brightwellii West., and Rhizoso1ef/lia
styliJormia Bright.
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It is interesting to compa.re the species collected during 1915 a.nd 1916 in Chesa
Peake Bay with the species observed by Fish (1925) at Woods Hole during 1923,
~thoUgh in comparing the two it must be remembered that collections at Woods

ole were made largely at the surface. However, Fish has found that the water at
:Woods Hole is thoroughly mixed owing to currents. Those marine planktonic species
1ll. common for the two regions, following Fish's grouping, are these:

Fresh and brackish water forms: None.
Semibottom forms: Actinoptychus undulatus, Hyalodiscus stelliger.
Neritic, Arctic: None.

l Neritic, Northerly Temperate: Ghaetoceras teres, Leptocylindrus danicus, Nitzschia
ongissima, Rhizosolenia setigera, Skeletonema costatum, Thalassiothrix nitzschioides.
Di ~eritic, Southerly Temperate: Bacteriastrum varians, Geratulina bergonii,

tyltum brightwellii, Guinardia fiaccida, Rhizosolenia calcar avis.
Neritic, Tropical: Bellerochea malleus.
Oceanic, Boreal Arctic: Ghaetoceras decipiens, Rhizosolenia hebetata ver. semispina.

T Oceanic, Temperate: Rhizosolenia alata j. genuina (1), Rhizosolenia styliformis,
halassiothrix frauenfeldii.

Oceanic, Tropical: None.
· Here again, as in the case of the Chesapeake diatoms, a survey of the complete

list. of species as given in Fish's paper, with reference to the geographic groups in
"'hich they are usually placed, shows more temperate neritic forms than boreal arctic
or tropical, and of these temperate forms the larger number belong to the southerly
rrnperate neritic. The oceanic forms are much fewer in number than the neritic
orms, a condition which is true of the Chesapeake collections. It should be noted,

?Owever, that the proportion of boreal arctic oceanic forms shows a considerable
lllcrease over what is found in Chesapeake Bay, and this is what should be expected.
It is also in keeping with the fact that the colder currents from the northern regions
Which carry boreal arctic forms are of more importance in the latitude of Woods Hole
~han they are in the latitude of the mouth of Chesapeake Bay, where such currents

aVe probably dipped below the Gulf Stream.
· A study of Bigelow's (1914a, 1914b, 1915, 1917a) preliminary work on collec
~~8 made in the Gulf of Maine, Massachusetts Bay, and the coastal waters between

&.lne and the mouth of the Chesapeake Bay show the preponderance of temperate
neritic forms as is the case for Chesapeake Bay and Woods Hole, while the boreal
arctic forms have assumed considerable importance among the oceanic diatoms as
at Woods Hole.
· Although Bailey's (1917) collections in the Bay of Fundy were made at a little

higher latitude than those of Bigelow, not so many boreal arctic forms were found,
although they were fairly well represented. His records cover collections made from
January to October, inclusive, 1916 (1).

Still farther north the work of Gran (1919) in the Gulf of St. Lawrence and the
oceanic regions outside of it shows the northerly forms replacing almost, if not entirely,
the southerly forms. With the exception of four species which I have not been able
to place with the literature at hand, the various species are grouped as follows: Arctic
neritic, 9; boreal arctic neritic, 5; northerly temperate neritic, 3; arctic oceanic,
~ (7); boreal arctic oceanic, 5. Gran's collections were made during May, June and

ugust, 1915.
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SPRING AND FALL MAXIMA

. It is evident from the study of the diatom counts of Wolfe and Cunninghll~
that they were high during the April cruise of 1916 and the March cruise of 1920 ~Il
Chesapeake Bay. While this conclusion is not reached from counts made dailY l~
anyone locality, it is based on many samples collected on each cruise in 191.5-1 .
and 1920-21. During 1915 the cruises were taken in October and DeceIl1be~,
during 1916 in January, March, April, June, July, and September; during 1920 III

January, March, May, July, August, October, and December; during 1921 in JanullrY'
The diatom counts were made on water samples collected at the surface and at.f
near the bottom. In addition, during 1915-16 counts were made of the indiVl •
uals of each species at various depths. The results are expressed in the number ot
diatoms per liter of water. .

As an example, the diatom counts for area A at the surface were as follows.
Year 1915, October, 4,300, December --; year 1916, January 13,600, March 17,000,
April 558,300, June 9,200, July 6,200, September 92,800. The counts at 27 mete~
were these: October 99,400, December --, January 39,800, March 26,500, AP.rt
359,100, June 19,500. The maximum spring count was that of the April crUlse
both at the surface and at 27 meters, and there was a less marked rise in surface counts
during the autumnal cruise. Autumnal records for 27 meters are lacking. 0

A similar surface series at area A for 1920 is the following: .January 16,50 ,
March 262,600, May --, July 8,300, August 14,400, October 21,300, Dece:rnb~
418,400. At the bottom these counts were found: January 19,700, March 229,40 ,
May --, July 27,000, August 32,800, October 3,100, December 43,600. £;efe
again there was a markedly high count during the spring cruise of March and a falr J
well-marked autumnal rise, which seems to have persisted into the winter months.
The results of surface counts from area A are graphically shown in Figure 16. .

High counts were found in all regions (although not at all areas) over the ba~ III

March, 1920, and there were fairly widespread evidences of similar conditions dUTlt1~
the April, 1916, cruise. An autumnal rise probably occurred all over the bay bU
not so markedly in the upper part. The records of the different cruises often sho~
successive increases from early fall into midwinter, and the suspicion arises in o~e s
mind as to whether the so-called autumnal rise is not the beginning of the sp1r
maximum of the following year. As a matter of fact, data for 1915-16 and 1920
indicate that the autumnal maximum did not occur until very late and that the~e
may have been a close approach of the two maxima to one another. The results ~Il
the Chesapeake are very similar to those observed by Steuer (1910) for the AdriatlC

Sea and by Fish (1925) for Vineyard Sound, etc.

SUMMER MINIMUM

The decrease in the number of diatoms during the summer cruises was about Il~
marked as the increase for the vernal cruises; but occasionally, as has been obser~e.
by Gran in the Gulf of St. Lawrence, Fish at Woods Hole, Bigelow off Marthas v~n:t
yard and others, rather large numbers occur locally in the summer months. A sh~ g
but distinct increase in diatom counts was found in the upper part of the bay dliTlll

d
July, 1~20. If these in?reases were dU~ to specially favor~ble c~n.ditio~s of fO~o
supply m the bay, resultmg from exceptlOnal outflow from nvers, It IS of Ihterest S

note that during the month previous the rainfall in Maryland and Delaware W:e
one and one-third times the normElil and that the summer was cool and wet, t
wettest on record over southern Baltimore County.
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J During 1916 and 1920 the salinity was high on the midwinter cruise-that is,
f anuary. The diatom counts for the sanle period were low. On the spring cruises,
Jor example, April, 1916, and March, 1920, the salinity was much lower than in
anuary. The diatom counts for these same periods reached the maximum for the

~~ar so far as our records show. During the summer cruises the salinity was a little
dlgher and the diatom counts were markedly lower as a rule. In the autumn the

ata did not show clearly a correlation between lower salinities and the increased
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lflGURB 16.-Diatoms per liter of surface water at area A indicated by black cclumns. Salinity

of water from which diatom samples were taken Indicated by circles

~atom counts known as the autumnal maximum. These relations may be seen in
Figure 16, in which the diatom counts and salinities for surface water are shown
graphically for area A during the cruises of 1915--16 and 1920. Similar conditions
oCQurred at many areas, although often not as marked, especially in the upper part
of the bay. Usually, however, the spring diatom maximum and the decrease in
salinity at that time showed clearly. During the cruises of most of the year the
numbers of diatoms were usually greater in the deep layers than at the surfaces, but
at the time of the maxima, and especially the spring maximum, large numbers were
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found both at the surface and at the bottom and probably were present at interIlle
diate depths. The larger number was sometimes at the surface and sometimes at
the bottom.

It will be seen from Figure 16 that the highest counts for the spring cruises of 1916
were found in April and those for 1920 in March, but it must be noted that no salnpl~s
were collected during April, 1920. Possibly, then, the maximum occurred in April,
although we have no data to show it.

The records indicate clearly, so far as the surface and bottom samples are con
cerned, that the high diatom counts, especially those of the spring cruises, occurred
generally at the time of low salinity, but it does not follow that the low salinity caused
the large increase in diatoms.

DIATOM COUNTS AND HOMOHALINITY

An interesting relation is that between the vertical distribution of salinity and
diatom counts. In many cases during 1920 when high diatom counts occurred there
were unusually close approaches toward homohalinity from surface to bottom. Sucb
a condition has been observed by Nathansohn (1909) for certain regions in the sea, b!
Gran (1912) for the waters southwest of Ireland, and by others more recently. This
relation existed quite frequently during the spring cruise of March, 1920, but in 1916

this same condition was not so marked; in fact, usually the highest diatom counts
were obtained on the April cruise while the nearest approach to homohalinity froIl1

the surface to the bottom, so far as we have records, occurred generally during the
March cruise.

DIATOM COUNTS AT RIVER MOUTHS

The data which the survey has collected on the number of diatoms as a whole,
not on separate species, do not supply any very convincing evidence for the theorY
that diatoms occur in greater alnmdance in the neighborhood of the mouths of rivers
than at other places. Owing to the fact that quite a number of the diatom counts
for the different areas along the western side of the bay were not made, a compara
tive study of the counts with reference to the river mouths on that side does n~t
yield very satisfactory results. However, it may be seen from the surface data 1J1
Table 10 that, so far as our data go, the numbers were usually comparatively large
at one or the other of the areas P, J, or H. These areas in the case of P and J are
close to the mouth of the Potomac River and area H is near the entrance to the RaP
pahannock River. On the other hand, during the March cruise while the counts
were high at area P near the mouth of the Potomac River they were even higher
farther up the bay.

TABLE lO.-Diatom count, in ,urface ,ample, on we,t ,ide of bay, per liter
~

921---aD~---(1Je.JDl?
SO.~
11......

(1]",00---

1920 1

Area
January March May July August Ootober December J

D •••••••.•••••··•••••·••·•••• 1'.700
~3OO

(I) 7,400 900 11,700 28,300
H .••••..•..···•·•••·•···•··•• 7,400 269, 100 7,800 3, 700 3, 200 31,300
J••••••••••••••••••••••••••••• 243,100 <'} lI93,700 3, 400 3,900 10, 800 13,400
P ..••••.•.•••.•...•••.•••••.• 11,100 4&,400 607,300 lOt. 800 uoo <'} 11,700
R' .•.•..•••.....•....••...••. <'} 690,100

~:~
1 ,100 <,> 3,900

~:~T ••••.•...•••...•.•.•••••••.• 4,800 789,200 9,900 1,000 (I)

I No Il&IDple. • Nooount.
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The highest diatom count for all of the cruises of the year 1920 was 1,563,000,
and this was found in March, 1920, at area L close to the mouth of the Potomac and
~t the bottom. On the other hand, the second largest count, 1,055,400, was found
~t area B in a sample taken at the bottom in March, 1920. This area is situated
~ose to one of the deepest holes in the bay and near Cape Charles City, which is
Ocated on the shore of the bay within a few hundred yards of the area.

The evidence in support of the theory that the highest diatom counts are to
be found in the neighborhood of the mouths of rivers is not conclusive, and yet there
~e indications that there may be such a relation. Undoubtedly a study of the
~tribution of each species of diatom rather than a mixture of fresh~water, semi-
ottom, and marine diatoms, such as is found in. total diatom counts, would be more

iatisfactory. Some of the evidence we have from this source will now be mentioned.
t will be discussed later.

b The data concerning the abundance of the different species of diatoms at surface,
ottom, and uniform intermediate depths are limited to the cruise taken in October,

1925. One species, Skeletontrna costatum, which lives as a littoral-bottom form to
sOme extent but which also exists as a widely distributed plankton form in Chesa
peake Bay, is of interest in this connection. It will be shown later under the section
III which the distribution of S. costatum with reference to hydrographic data is dis
CUssed that this diatom during the cruise of October, 1915, was more abundant,
eXcept at 27 meters, in the region of the mouth of the Potomac River than at any
areas investigated.

DIATOM SCARCITY AT MOUTH OF BAY

The diatom counts in the mouth of the bay were usually comparatively small.
SUch a condition might be expected, since it is a shallow region with a shifting bottom
which at times is scoured by rather rapid currents. It is a well-established fact
that such places are not favorable for the development of diatoms. The highest
COunt recorded in the mouth of the bay during the years 1916 and 1920 was a surface
~Ount of 438,800. This number was found at area F during April, 1916, along the
hne E, F, G, which extends across the mouth of the bay. Even at this time, which
"'as during the spring maximum, there were higher counts along the line A, B, 0, D,
"'hich runs from Cape Charles City to New Point Comfort. The records show
558,300 (surface) at A and 3,157,200 (bottom) at D.

RELATION OF DISTRIBUTION OF DIATOMS TO SALINITY

. It is well esta.blished from a study of geographical distribution that certain
dia.toms (oceanic) are characteristic of waters of high salinity, such as that of the
oPen ocean; that others (neritic) are characteristic of waters of lower salinity found
along the sea coast and in estuaries; and that still different ones frequent the fresh
Waters or rivers emptying into the ocean. But, also, it is well known that many
of these diatoms are able to stand a large range of salinities and that ocea.nic as
\Vell as neritic diatoms are often found in estuaries where the salinity is very low.
The assumption is that the oceanic forms as well as neritic forms are brought in with
~he currents from the .ocean, but it is known that resting spores are formed in the
attar type. It is believed by many investigators, especially by Gran, that these

sPores settle to the bottom of the estuaries and periodically assume the floating
Condition, 80 that there are supplies from year to year of certain neritic species
\Vhich arise locally.
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The degree of dependence of diatoms on the salinity of the water hag long been.
an unsettled question. Naturally, one would seek for light on the subject inregioI19
where there is a distinct stratification with reference to salinity-that is, where there
are considerably fresher layers overlying much more saline layers. The Baltid 5e8.,'
which is flooded now and then by saline water from the ocean and by fresh water
from rivers; the Arctic and Antarctic Oceans, which have a surface layer of fresher
water arising from the melting polar ice; estuaries such as are found in England;
the fjords of Norway and Sweden; and finally the mouths of large rivers where
fresh water and saline water meet one another, have been investigated by ascert8:inin~

the salinity at various depths from surfAce to bottom, together with the diatorn
counts at the same depths.· If there is It horizontal· distribution of diatoms with
reference to salinity as indicated by geographical studies, one would expect a vertical
distribution correlated to some extent with the salinity gradient from surface to
bottom. But the problem is complicated by other possible factors~ifferences in
temperature, light intensity, and amount of nutriment at various levels, with t~e
accompanying reactions to these differences. Also water currents produced 111

various ways often tend to disturb the relation which the diatoms might usually
bear toward salinity.

However, some investigatol"S have found the number'varying with the ~aliIiitY.
in regions where the temperature and light did not seem to be controllirig factors.:
Apstein (19()6), in his studies of the waters of the Baltic Sea, discovered that ma.nY:
Chaetoceras, Rhizosolenia, Cerataulina, and Guinardia species of diatoms occurred
only on the western side of the Baltic where the salinity was more than 15 per mille
while Ghaetoceras. danicum and bottnicum were confined mainly to the east side, where
the salinity was much weaker. Buse (1915) found the currents entering Kjel .]»Y'
from the west generally richer in diatoms and of a higher salinity than those coroiJ1~

from the east. '
One would look for such relations near the mouth of .Chesapeake Bay, as, lor

example, along the line made by areas A, B, G,D. At D op. the west side of the baY,
the fresher water is found, while at area A on the east side, where the depth isrnuch
greater, the more saline water of the ocean finds its way. The numbers of individuali
of different neritic and oceanic species should be compared with the. salinities ~.~
these areas. Unfortunately, the data on sepwate species are insuffi<,lient for such s.
comparison. Total diatom counts, however, at the surface for these two areas as
compared with the salinities are of interest.

TABLE ll.-Surjacediatom counts and 8alinity jor 1920·
~

I
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~

lllitt
~

22- 78
21.~
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January July .~ugust October Decembe
Area

Diatoms SaIlnlty Diatoms Salinity Diatoms Salinity DlatolDs Salinity Diatoms Bal
--------------- ------

A ....................... 16,500 23.32 8.300 21. 72 14,400 22..36 21,300 21. 911 418,400
D ............ , .......... 14, 700 111.74 7,400 17.28 IlOO 19.48 5,700 17.31 28,300

,

It is clear from data obtained for the cruises of January, July, August, October,
and December during 1920 that the more saline surface water along theline A B, O,f)
was found on the eastern side of the bay.......that is; at area A. The total surla~ediatorn
counts were higher, on each cruise, at area A than at ares. D, which is on the west side
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?f'the bay. While the various species making up these total counts have not been
ldentified, it is safe to say that the counts include fresh-water, neritic,oceanic, and
8emibottoffi diatoms.' We have no data to show that the higher counts at area A,
where the water was most saline, were due mainly to neritic and oceanic diatoms
,~rried in at' the time from the ocean and consequently adapted to a sea waMr of
~her salinity, . It is possibl~ also that some ~f the neritic forms were ?roduced
. cally from reetmg spores. Furthermore, the dIfferences may be due to dIfferences
In nutritive value of the water or to other factors. Occasional surface counts made
it areas Band 0, especially during the spring m.aximum, did not always support the
rela.tion pointed out above. Deep-water counts were not made at equivalent depths
On the east and west sides of the bay, so they are useless in this connection.

COMPARISON OF DIATOM COUNTS AT MOUTH· AND INSIDE THE BAY

h
A comparison of the diatom counts found along the line E, F, G, in the mouth of

t ebay, with those along the line A, B, 0, D, which runs from Oape Oharles Oity to
:New Point Oomfort; farther inside the bay, would be of interest in order to see if the
llumbers are higher in·the mouth of the bay during the autumn and winter cruises
wheIi, as a: rule, the salinities are higher, the incoming current is more dominant, and
the Gulf Stream Eddy (Atlantic gyral) is shifting in a northerly direction. At such
a. time one might expect larger numbers at the mouth, if the bay receives any con
SIderable supply of diatoms from the outside. Only during March, 1916, and Jan
Uary, 1920 which were months of high salinity, have higher counts been found along
the line E, F, G, than along A, B, 0, D. The differences were small and the data too
~eager for a satisfactory comparison. It is true that the oceanic diatoms (see the
~ection On the relation of distribution of species to the hydrographic data) which can
. e taken as an indication of the influx of oceanic water have been found almost
e:lCclusively during the months when water of higher salinity was making its way into
the bay, yet the lack of diatom counts for some of the areas along the lines E, F, G
and A, B, 0, D on' every cruise, the absence of data on the species found, and the
rather limited current data from 24-hour stations make further work necessary before
any definite conclusions may be reached.

The Atlantic water that enters the bay, judging from our salinity data, is not
Pure oceanic water. Salpa, which is commonly found in the oceanic water of the
GUlf Stream off the mouth of Chesapeake Bay, has not been found in the bay, and
true oceanic diatoms during 1916 at least were scarce.

RELATION OF DISTRIBUTION OF SPECIES TO HYDROGRAPHIC DATA

The data on the number of individuals of each species are limited to the cruises
of October and December, 1915, and January, March, April, June, July, and Sep
;ember, 1916. During October, 1915, counts were made for each species of diatom
.rom the surface to the bottom at 9-meter intervals for areas A, J, L, and R. Counts
~ere made also at many other areas during the cruises for 1916, but there was con
Il1derable irregularity in the choice of areas and the number of samples. However,
the. depths at which samples were taken were practically without exception at 0, 9,18,
Or 27 meters, thus corresponding with those for October, 1915. Almost invariably
Only two counts were made for each species at each area during 1916-a surface count
&.nd one at 9, 18, or 27 meters, depending on the depth at the area.
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The fresh-water diatoms in the plankton were not abundant at th~ areas ""isited
in Chesapeake Bay. This was expected, since usually the water at all these areas
was brackish in character. Asterionellajormosa (Rasa.), the tests of which occurr::
so commonly in oceanic bottom deposits off the mouth of the Delaware River acCO . '
ing to Mann (1894), were found only here and there in small numbers but widely dlll'
tributed over Ohesapeake Bay. The highest counts were obtained during the colder
months and at areas near the mouth of the bay. Navicula borealis (Ehr.) Kutz, alSO
mentioned by Mann, and Bacillaria paradoxa Gme!. (now called Nitzschia par~
Gmel.) occurred about as abundantly as A. jormosa, but they were less widely dlS'
tributed. Oampylodiscus echeneis Ehr. was taken in very small numbers in the lo"er
half of the bay. Most, if not all, of these forms are littoral also (Gran, 1908).

The so-called brackish water diatoms were represented in largest number by
Raphoneis amphiceros Ehr.-a form found frequently in deposits off the mouth of the
Delaware River by Mann. It was taken only in the southern half of the bay. A,n'
other brackish-water form, Nitzschia sigma (Kutz) W. Sm., designated by Mann as
"frequent" was found widely distributed over Chesapeake Bay but in every SIJlaU
numbers. Nitzschia plana W. Sm. and Pkurosigma balticum W. Sm. were vet{
scarce, the former occurring only in the lower half of the bay and the latter only II.

area A near the mouth. .
The bottom and semibottom (tychopelagic) diatoms are abundantly represented

in Chesapeake Bay. A form which is closely related to the tychopelagic group (c1a~ed
above in the neritic northerly temperate group) is Skeletonema costatum (Greve) wbi~
according to Ostenfeld (1913) is found all the year round as a littoral-bottom forDl ill
European waters. It was very abundant and very widely distributed in Chesapeake
Bay during the cruises of 1915 and 1916. It is known to be largely independent of the
degree of salinity, and so its occurrence in considerable numbers at area X, almost ~
far north as Annapolis, is not surprising. As we shall see, its behavior is not that 0

a bottom form, for the highest counts, judging from the data for the cruise of October,
1915, are not at the bottom. The condition just mentioned is in keeping with OsWn'
feId's sta.tement that this species multiplies to an important degree in the planktoJl'
Skeletonema costatum was found in the plankton samples during all the cruises froJJ1

October, 1915, to September, 1916.
The highest counts were obtained during the October and January cruises, the

numbers decreasing during the spring cruises until April, when the maximum ~aS
reached. This and similar conclusions for other forms as to the maximum and nUll'
imum occurrence is based mainly on a surface and a deep-water count for each area,
but such counts were made at nine widely distributed areas on each cruise.

Ostenfeld and others have pointed out that Skeletonema costatum is extremelY
euryhaline-that is, adapted to a great range of salinity. In Chesa.peake Bay it ha:
been found in waters from 11.13 to 32.00 per mille. The range of temperatures, 1.0
to 26.1 0 C. is about as extreme as that of the salinities.

During the cruise of October, 1915, when the largest numbers were found fot

Skeletonema c08tatum, there was evidence to show that the highest counts were ne~
the mouth of the Potomac River. The surface counts were as follows: Area A, 90?'
J, 4,300; M, 1,800; an unlettered area near the middle of the Maryland and Virgin~
line directly in front of the mouth of the Potomac River, 35,800; L,4,200; P, 28,500~
and R, 25,800. At 9 meters the counts for the same areas were these: Area A, 2°

0
,

J, 6,700; M, no count; the unlettered area, 26,600; L, 10,500; P, 33,300; and '
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5,700. At 18 meters the following counts,were obtained: Area A, 1,400; J, 13,200;
~, 34,100; the unlettered area, no count, not 18 meters deep; L, 2,100; P, too shal
ow; and R, 2,600. It will be seen that at 0, 9, and 18 meter depths the highest

COunts were close to the mouth of the Potomac River. On the other hand, at 27
'Ueters the highest was at area, A; but at 36 meters, again, the highest count was
~ear the entrance of the Potomac: Area A, 700; J, 9,500; M, too shallow; the un
ettered area, too shallow; L, 7,500; P, too shallow; R, 900. The largest count for

,~y area at any depth during the October cruise was 35,800, a surface count directly
In. front of the mouth of the Potomac; and the second largest count, 34,100, was one
at 18 meters on area M in the middle of the mouth of the Potomac. Again in De
cember, 1915, the highest surface count, 15,100, was at area J and the largest deep
liMer count, 22,800, was at area P. Both of these areas are very close to the mouth
of the Potomac River. It must be mentioned, however, that the counts for Decem
ber are much fewer in number than those for October. The data for the rest of the
cruises are insufficient for purposes of comparison.

The vertical distribution of Skeletonema C08tatum during October, 1915, seems to
have been largely independent of the degree of salinity, although, as a general rule,
the highest counts were below the surface and above the bottom. A very interesting
comparison of the vertical distribution of this diatom at areas A, J, L, and R during
October may be seen in Table 12. The samples for A (near Cape Charles City) were
COllected on October 22 from 3 to 4 p. m.; those for J (a little south of the mouth of
the Potomac) on October 24 from 10.30 to 12 noon; those for L (a short distance
nOrth of the mouth of the Potomac) on October 25 from 9.49 to 10.38 a. m.; and
t~OBe for R (about half way up the bay) on the same date from 1.60 to 3.08 p. m. It
\vill be seen that the highest count for area A was in deep water,27 meters; for J at
Shallower depth, 18 meters; for L, at 9 meters; and for R at the surface.

TABLE 12.-Skeletonema costatum, October, 1915

RL1A

10, 400 100 4, 400 700
700 9, 600 7, 600 900
800 •••••••••• •••••••••• 1,300

R Meters

26,800 27••••••••••••.••••••.•
6,700 36•••••••••••••••••••••
2,600 46•••••••••.•••••••••••

M~m AIL
---------------11------1------------

ii:::::::::::::::::::: I,~ Ita 1~5
. A similar condition, although not so marked, was seen for some other neritic

dia~oIns collected at the same time. The true bottom forms, on the other hand,
w?ich do not multiply to any extent in the plankton, did not show the vertical dis
tl'lbution just mentioned. It is not permissible to draw any definite conclusions as to
~he.factors involved in bringing about the vertical distribution of Skeletonema costatum
Uting the October cruise, especially since no counts approaching these in complete

~e8S Were made during any other cruises, but it may be mentioned that during the
~e from October 21 to 25 the air temperature at Baltimore and Washington, accord
Ing to the United States Weather Bureau, dropped fr9m 64° F. (17.8° C.) to 42° F.
(5.6° C.) and 37° F. (2.8° C.), respectively. One might suspect that there had been
~n. increase in the viscosity of the water in the northern part of the bay due to the
8.l'ge drop in air temperature, which resulted in a greater buoyancy of the water and

an. UPward movement of the diatoms. If such a movement toward the surface actually
~urredatarea R, and to a lesser degree at Land J, we have no evidence to show that
It W88 in response to differences in the turbidity of the water, to differences in food
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conditions, nor to differences in the intensity of the sunlight shining on the surface.
Concerning the last possible factor, however, the ship's log showed that the sky was
clear when the samples were taken at areas J, L, and R. Whatever conditionsga\Te
rise to the vertical distribution mentioned during the October cruise of 1915, it seeIllS
probable that they were peculiar to that cruise, for such a distribution is not e\Ten
suggested from an examination of the data from other cruises.

Paralia smcata (Ehr.), a tychopelagic diatom listed by Wolfe and CunninghaIJl
as Melosira sulcata (Ehr.) Kutz, was widely distributed in Chesapeake Bay during
1916 and was present at least as late as September in considerable numbers. It was
found even as far north as area X during every cruise except September in 1916, and
it was present in waters of a great range of salinities and temperatures.

The highest counts obtained both at the surface and in deep water were duriIlg
the March and April cruises. As examples, the surface counts at area A were as fol
lows: January, 2,600; March, 4,200; April, 7,700, June, 0; July, 100; and Septe~

ber, 1,000. At 27 meters the counts were: January, 4,900; March, 6,700; ApI'll,
4,800; June, 2,400; July, no count; and September, no count. For area J the sur
face counts were the following: January, 500; March, 2,4-00; April, 1,100; June,
500; July, 200; and September, 200. At 27 meters: January, 3,900, March, nO
count; April, 15,200; June, 500; July, no count; September, 400.

Again, as in the case of Skeletonema costatum, the highest counts were found close
to the mouth of the Potomac River, 15,200 at 27 meters and 15,800 at 26 meters fof
areas J and L, respectively, during April. These counts are about double thos~ of
any other counts during the year for this species.

This diatom, which has a comparatively heavy test, has the vertical distribution
of a typical bottom form. The counts of Paralia sulcata showed the highest numbers,
with one exception, at the bottom; the numbers gradually decreasing toward the
surface. Data from other cruises, although limited to a surface and a deep-watef
count, showed the highest numbers in deep water with only a few exceptions-namely,
in very shallow regions and during the spring maximum, when the water is in an
unstable condition.

Table 13 gives the counts for Paralia sulcata found ln the same samples ff~IIl

which the counts for Skeletonema costatum tabulated above were made, so the salin
ity, temperature, and other environmental conditions were the same for both.

TABLE 13.-Paralia Bulcata, October, 1915

R

500 700
300 _... •
600 2,600

LJAMeters

------1--- ------
======T=====;===;====;===";F=======;'==""'T'====~~

27 ~~:~~_ ••••~~:I-_A800-- --1~-200- --:600-~
36·· · .. · .... ·1 1,400 2,100 4,700 '!lDO
46._._. •• _. __ •• _.__ 4,800 """"" .... _••• _. "

0. •__ • • •••• • 700
9,____________________ 500 .. ._. __
.18•.. ..... _.____ 700 3, 600

Another common diatom in Chesapeake Bay during 1916 which is not a trt1e

plankton form is Pleurosigma affine Grun. It was widely distributed through the
bay from the mouth to the region of Annapolis and occurred in the plankton during
all the cruises-that is, January, March, April, June, July, and September. In
addition to this it was present during October and December in 1915. 'The highest
counts were found during October, January, and April, and most of these were froIll
areas near the mouth of the Potomac RhTer. Th~ highest count for all cruises \fl1S
at area M, in the mouth of the Potomac at 18 meters. The numbers of this diato.n
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~~a1l~ increase from the surface to the bottom. It seems to be a bottom form
ch IS easily disturbed from its resting place.
The following tychopelagic forms were widely distributed in the bay but the

~~ts made were not large: Actinoptychus undulatus (Kuetz) Ralfs., Hyalodiscus
f eUtger Bail., Navicula bombus (Ehr.) Kutz., N. cancellata Donk. Other tychopelagic
~1'In.s occurred in very small numbers and had a very limited distribution in the
~ankton so far as the data for 1916 show. Actinoptychus splendens (Bail.) Ralfs.
ats found near the mouth of the bay only at areas A, G, and F and Donkinia recta

area G only.
B The neritic arctic group is represented by one species, Biddulphia aurita (Lyngb.)
nreb. While it was found to be common in bottom samples off the mouth of the
inelaware River by Mann, it was collected from the plimkton on one occasion only
th Chesapeake Bay during the year 1916. It was in a surface sample at area A near
ofe 1ll0uth of the bay. The sample was taken during the month of March in water

3.1
0 C. temperature and 24.14 salinity.

g Of those diatoms which have been included under the neritic north temperate
(~Up only two species, Rhizosolenia setigera Brightw. and Skeletonema costatum
sh rev.), were widely distributed in Chesapeake Bay. The records for R. setigera
InOw that it occurred most abundantly from the mouth of the Potomac River to the
s O~th of the bay, and that the highest counts were obtained during the autumn and
~:ng cruises (October, 1915, and April, 1916), indicating autumn and spring maxima.
I e COunts in the region of the mouth of the Potomac were not any larger than those
shwer down the bay at area A. The distribution of this species in the Chesapeake
Of~ws that it can stand considerable variation in salinity and temperature, but it is
° Interest to note that above the mouth of the Potomac it was not recorded as having
cccurred in the surface layer. The data are not complete enough to admit of any
cOnclusions as to the vertical distribution. A discussion of the distribution of S.
~8tatum has been taken up above. Other species included in the neritic northerly
(Btnperate group-namely, Thalassiothrix nitzschioides Grun., Nitz8chia longissima
s reb.) Ralfs., Ohaetoceras teres C1. and Leptocylindrus danicus C1.-were not repre
~nted by large numbers in the bay, although T. nitzschioides was found as fa.r north
Sa area R in October (16.49 per mille, 17.3° C.) and N.longissima as far north as the

tne area in June (approximately 17.00 per mille, 17.2° C.).
191 The most abundant diatom of the neritic southerly temperate group during the
1915 and 1916 cruises was Oerataulina bergonii Perag. The high counts of the April,
~ru.6, c:uise at areas A, J, L, and X as compared with the numbers found on other
iUdIs.as mdicate a marked spring maximum. The minimum occurred in the summer,
e ~g from the surface records of the July cruise. At area A during the April
ll::USe .the surface count was 407,200 (18.46 per mille, 11.4° C.), at J, 65,400 (10.81
lle

r
~e, 12.1 0 C.); at L, 40,400 (12.05 per mille, 11.0° C.); and at X, 5,200 (5.88

ra: 1llille, 9.4° C.). The deep-water count for A at 27 meters was 300,800 (no salinity
at ~~d, 10.50 C.); for J at 27 meters, 353,800 (no salinity record, 8.80 C.); and for L
.:t tI ~eters, 173,200 (17.63 per mille, 8.9 0 C.). No deep-water count was made at
in.' It Is evident from the records that the largest numbers of O. bergonii were found
In sa1llples from the lower half of the bay, especially at area A and the areas near the
ar°U,th of the Potomac River. The records for this diatom and those which follow
Q~ InSUfficient for a consideration of the vertical distribution. Rhizo8ounia calcar

Schultze, which I have placed provisionally in the neritic southerly temperate
1988--80--4
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group but which is sometimes included among the neritic tropical forms, does not
seem to have been taken at all by Bailey, Fritz, Gran, Mann, or Cleve in more nortber~
waters. It occurred in fairly large numbers in Chesapeake Bay during the year 191.
and was widely distributed over the bay. At area A, near the mouth of the baY, ~
was taken on the cruises of October, 1915, January, March, April, June, July, an
September, 1916; in other words during all the cruises except December, 1915. Fnr'
ther up the bay it was recorded also during December. The highest counts were
obtained during the April cruise and the smallest during the July cruise. The twO
largest counts were those of area J, 6,400 at 27 meters (estimated at 18.00 per nUll~i
8.8 0 C.), and of area L, 6,500 at 26 meters (17.63 per mille, 8.90 C.), during the Apr1

cruise. It will be noted that both areas mentioned are close to the mouth of the
Potomac River. This form was found as far north as area X on the cruises of DeceIl!'
ber, 1915, January, March, and September, 1916, when the salinity was comparati",el~
high for that region. During the January cruise the surface count was 100 (11:1

per mille, 1.00 C.), and that at 28 meters, 3,000 (17.00 per mille, 3.6 0 C.). The WIde
distribution of this diatom in Chesapeake Bay, its occurrence there during a Inrge
part of the year, and the fairly large numbers during the spring maximum in ~be
region of the mouth of the Potomac River are conditions which favor its inclus10Jl

under the neritic group, where Cleve, Ostenfeld, and Fish have placed it, rather thnIl
under the oceanic group to which it has been assigned by Gran (1908).

Rhizosolenia stolterfothii was found as far north as area X, in very small numbers
on the cruise of June, 1916. During the winter cruises (December, 1915, Januar1~
1916) and even on the March cruise this form was almost absent from the plankton,
but in April it was very abundant at two areas under the following conditions: Area

-:lIea, surface 126,000 (21.92 per mille, 11.1 0 C.), 18 meters 52,000 (29.78 per DW' 2
7.00 C.); area P, surface 49,800 (11.98 per mille, 10.30 C.), 11 meters 11,400 (12.~
per mille, 10.60 C.). At other areas there were no records of its occurrence ~
April. During the summer cruises (June and July) the counts were small, but jJl

'VeSeptember large numbers were found at area F, surface 35,900 (27.54 per IJl1 '

22.5° C.) and area A, surface 79,000 (23.59 per mille, 23.4 0 C.). This species waS
evidently widely distributed over the bay but in small numbers except in the lowe~
half, where it was most abundant near the mouth (areas A, F, 0). As in the case °9
Skeletonema costatum, the largest counts were obtained at 27 meters for area A, at5
meters for area L and at the surface for area R during the October cruise of 191 .
The records for the remaining diatoms included in the neritic southerly teIDpera~
group indicate that they did not flourish in Chesapeake Bay, at least during the ye;
1916, that they occurred in largest numbers near the mouth of the bay, and that t e
counts near the mouth of the Potomac River were not conspicuously large. ~~
is some indication that Guinardia jlaccida (Castrac.) Perg., Biddulphia mobihe
(Bail.) , and Bellerochea malleus (Brightw.) have maxima in the autumn and tile
spring. The data for Ditylium brightwellii (West) Grun., Eucampia zodiaeus Ellf't
Lithodesmium undulatum Ehr., and Bacteriastrum varians Lauder are so meager thn

it is unjustifiable to discuss them in detail. s
No neritic tropical forms were found in Chesapeake Bay unless Bellerochea maJlett

b
and Rhizosolenia calcar avis, which I have included provisionally in the neritic Boll

t

temperate group, are considered as tropical forms. . g
The ocea~.c diato.ms were not abundantly ~epresentedin Chesapeake Bay duJ'illur1916-a condItIOn which should be expected, SInce pure oceanic water, so far as 0
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;ecords show, did not have access to it. There was no marked maximum for these
arms during April such as was characteristic for many neritic forms, and in most
c~es their occurrence was confined to the late summer, fall, winter, and early spring,
\\r en the salinity was highest near the mouth of the bay. Whether such a condition
~an be related without question to the shifting of the highly saline North Equatorial
trealll (Johnstone, 1923) toward the north during late summer and early fall must

relIlain a subject for further investigation.
Q Two species belonging to the oceanic, boreal, Arctic group have been found:
. 'haetoceras decipiens Cleve and Rhizosolenia semispina Hensen. The former, which
lSsuch a common form in the North Atlantic Ocean, but which was only fairly num
e;ous at Woods Hole according to Fish was taken in small numbers near the mouth
() the bay at areas G and A. It occurred there during the months of June, July,
and September, which is about the same time it was found commonly in the southern
Part of the North Sea, as pointed out by Ostenfeld. The specimens occurred in the
s~rface layers where the salinities and temperatures ranged from 22.11 to 23.59 per
lll.ille,and 19.90 to 24.3 0 C., respectively. It is necessary to state, however, that the
CO~ts were not only small but included both dead and living specimens. R. semi
)~'ina, a common summer form according to Bigelow and Fish during the summers of
Oh14 and 1922 in the region of Woods Hole, occurred sporadically during 1916 in the
. esapeake. A few specimens, only in one sample, taken at area J during January
\\rere found.
d . By far the most abundant oceanic temperate diatom found in Chesapeake Bay;l1ng the year 1916 was Rhizosolenia alata Brightw., possibly f. gracillima, although
thoHe has not mentioned this form of R. alata in his list. Ostenfeld has pointed out
that this form is better able to stand neritic conditions and that it has been found in
ine.lower layers of the Baltic Sea. During 1916 in Chesapeake Bay there was no
d.dIcation of a maximum in April such as was characteristic for many of the neritic
n~tollls, nor were there any high counts in the region of the mouth of the Potomac
d1\7.er. It occurred in largest numbers in and near the mouth of the bay. At area G,
pUnng January, the counts at the surface and 18 meters were 200 (salinity 23.40
t~r nUlle, temperature 4.1 0 C.) and 12,700 (32.5 per mille, 5.90 C.); during March at
ltlie sarne depths the counts were 600 (28.15 per mille, 3.7 0 C.) and 2,700 (30.5 per
llhl~e, 3.4 0 C.); and during April the counts at those depths were almost negligible.
f 'i Zo8olenia styliformis Brightw., which is such an important oceanic diatom, was
~Und in small numbers in the lower part of the bay during December, 1915, January,
b arch, and September, 1916. The highest count was at area F, in the mouth of the
ca~, during the September cruise. Its occurrence in largest numbers during that
~1lise indicates that its seasonal distribution is similar to that in European waters.
th alasswthrix frauenfeldii Grun. was taken in very small numbers. It was found in

e lower part of the bay, in the fall only.
(B . The oceanic tropical diatoms were represented in 1916 by Planktoniella sol
Il.lrlght.w.). Like other oceanic diatoms, it was found in very small numbers and

lIlost Invariably only in the fall and winter-that is, during the time of high salinities.
to. The factors governing the distribution and abundance of diatoms have been for
Pe~n.y years .a~d still are subje?ts of inve~t~gation. Currents, light intensity, t.em
a .ature,sahmty, and the chermcal compOSItIon of the sea water have been recogmzed
I's Illlportant factors which have to be taken into consideration. All of these have
eceived attention in a general way during the last 50 years, but within the last 5 years
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there has been a widespread tendency to regard the amounts of certain chemical coIJl~

pounds in the sea water as very important, if not the most important, factors deter~

mining distribution and abundance.
The early analysis of sea water for nitrates by Brandt (1899, 1902, 1920) and for

phosphates by Raben (1905, 1910, 1914, 1920) which resulted in their emphasizing
the importance of these compounds for the growth of the phytoplankton; the obser~lV

tions of Nathansohn (1906) stressing the importance of the sinking nutrient matetlal
in the Mediterranean; the observations of the same author (1911) at Monaco, where
a diatom increase was found following wet weather; Mathews' (1918) analyses for
phosphorus in the surface water of Plymouth Sound; the work of Allen and Nelsoll
(1910) and Allen (1914) pointing out the importance of nitrates and phosphates for
the growth of diatoms and the necessity of culture experiments in determining the
number of diatoms in a certain quantity of water-all indicate an important relatioll~
ship between the chemical compounds in the water and the distribution and abuJl~

dance of diatoms.
Recently, using newer and more accurate methods for the analysis of nitrateS

and phosphates, Atkins (1923, 1926) and Harvey (1926) have again found a close
relation between diatom increase and dissolved phos~hates an~ nitrates in Englis~
sea waters. Gaarder and Gran's (1927) cultural work In Oslo Fjord on the growth ~
diatoms under variations in temperature, illumination, and nutrient salts and GraIl ~
(1929) investigation of the sea outside of Romasdalsfjord indicate the importance 0

these factors. f
The problem as to the factors that govern the distribution and abundance 0

diatoms is many sided and one in which it is difficult to study a single factor with the
others under control. The efforts of Schreiber (1928) to devise such a procedure ~~
worthy of special mention. Using single diatoms which had been rinsed by a spec1

method so as to be free from all other organisms except supposedly a few bacteria, he
determined the degree of intensity of light necessary for optimum reproduction, the
quantity of nutrient materials and the temperature being kept constant. Such all
approach as Schreiber has made, provided it is preceeded by a study of the organisIJlll
under natural conditions, it seems to me is very desirable.

PROTOZOA
The Protozoa occuring in the plankton samples of Chesapeake Bay were ide~ti~

fled, counted, and tabulated by Cunningham. They are listed and their distribut10~
is discussed from certain points of view by Cunningham in the paper by Wolfe all
Cunningham (1926). . .

The fresh-water rhizopods were represented in the plankton by one or more spec1eS

of DifHugia during the year 1916. Individuals of this form were present on all the
cruises taken, and they were widely distributed. DifHugia is a bottom form, but o~e
specie at least is known to form a gas vacuole and then to take on a tychopelagtc
existence (Steuer, 1910). Such a condition may account for their abundance in t:e
plankton. Specimens of this rhizopod were taken in greatest numbers during t 'pe
summer and fall cruises (July and September). The winter cruises yielded t e
smallest numbers. .

Another rhizopod found in the bay, but on one occasion only, was the oceaJl1c

plankton form Globigerina.
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Die Among the Silicoflagellata identified by Cunningham are two well-known species
f tYocha fibula Ehr. and Distephanus speculum Haeck., both of which have been
oUnd in the waters about Woods Hole by Fish.

1 During the October 1915 cruise, Dictyocha fibula was taken in comparatively
2;rge numbers for that species at area A (surface 160, 9 meters 360, 18 meters 80,
cl lOeters 40, 36 meters 160, 46 meters 640), and somewhat less abundantly at area J
BOBe to the mouth of the Potomac River. North of that area it was found in very
Man numbers. During the winter, spring, and summer cruises of 1916 (January,
B arch, April, June, and July) specimens of this species were very scarce in the
calllples ; but in September of the same year there was an indication at area F of in
oreasing numbers, and the counts for the October 1915 cruise were the largest obtained
;: a~y cruise. The data, although meager, indicate that this form has an autumnal

a:!rllnum in Chesapeake Bay.
a T~e occurrence of Dictyochafibula in considerable numbers at area A (salinity,
al>l>ro:!rlmately 25 to 27 per mille, temperature approximately 19° to 20° C.) and at
~ea J (salinity, approximately 16 to 23 per mille, temperature approximately 18°
h 19° C.) suggests that it is a neretic form as stated by Cleve (1897), although Gran
as found it in mid-Atlantic ocean.

l>l Oeratium tripos (MUller), which is such an important element in the marine
n.ankton and which has been found in abundance by Fish at Woods Hole and by
f 1ge1ow (1926) in the Gulf of Maine, has not been reported by Cunningham (1925)
~~ the samples taken from Chesapeake Bay. The most abundant species listed for

esapeake Bay was Oeratium furca Ehr., while O. fusus Ehr. occurred in much
~aller numbers. The data from the 1915-16 cruises of October, December, January,
h arch, April, June, July, and September show the larger numbers during the latter:If of the year and, as observed by investigators in other regions for Peridinians,
a ter the spring maximum of the diatoms. During the cruise of July the highest
COUnts for O. furca were obtained, while during the cruises of the spring and early
SUln_p "uuer the numbers were small. The surface counts for area J, at the mouth of the
])otomac River (and many other areas), show this relation clearly: October, 208;

ecember, 1,320; January, 320; March, none; April, 80; June, 840; July, 23,400;
and September, 200.
th As is the case of many diatoms the counts for the peridinian, Oeratium furca in

e neighborhood of the Potomac River were the highest obtained in the bay. As an
:hample, during the July, 1916 cruise, the surface counts at areas distributed along
. e deep-water channel from the mouth of the bay to near Baltimore were the follow
~g: G, 800; A, 4,280; J, 23,400; L, 15,320; R, 1,360; and X, 120. Of these areas,

and L are close to the mouth of the Potomac River.
While Oeratium furca is known as a temperate oceanic form, widely distributed

~\>er the Atlantic Ocean and occurring spari~gly in the Flori~~ current acco~ding to
f le~e (1898), it has been recorded in the Baltlc, where the sahmty was approxlmately
torn. 15 to 17 per mille by Apstein (1906), in the saline bottom water (approximately
7 to 20 per mille) entering Kieler Forde by Lohmann (1913), and in Fehmarn Belt,
~here the salinity was higher, by Buse (1915). Its presence in Chesapeake Bay then
~n comparatively large numbers near the mouth of the Potomac River is not surpris
Ing e~en though the surface salinity was low, approximately 16 per mille at area J.
h Several species of the genus Peridinium were taken in Chesapeake Bay during

t e cruise of 1915 and 1916, but no attempt to identify them was made. Rather
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large numbers of individuals were found on every cruise, and they were widely dis
tributed over the bay. The counts obtained during the June, July, and Septernber
cruises were in general the highest, while on the spring cruises, March and April, the
lowest numbers were found. In other words, the data point to a summer maxirnuIJl,
following the spring diatom maximum. A marked tendency for the highest numbers
to be at or near the surface may be seen from the data, a condition which was found
by Apstein (1906) in the North Sea.. (See Steuer, 1910.)

The data do not show that the highest counts were found usually in the neighbOr
hood of the mouth of the Potomac River, although such was the case especially dur
ing the July and September cruises.

Many specimens belonging to the genus Prorocentrum (two forms of P. mica%S
according to Cunningham) were collected during the 1915 and 1916 cruises. By far
the largest numbers were found at the time of the summer and fall cruises, and the
smallest during the midwinter and spring cruises. At area J the surface counts were
these: October (year 1915), 1,560; December, 320; January (year 1916),360; Marcil
40; April, 200; June, 480; July, 8,440; September, 4,200. At 27 meters the countfl

at the same area were: October, 448; December, 120; January, 120; Ma.rch, nO
count;. April, 280; June, 120; J.uly, no co.unt; September, 4,480. The nu~be~
found m the surface samples durmg the crmses Of July and September were hlghes

in the region of the mouth of the Potomac River, but during other months this relatiO;
did not hold. In fact the two largest counts taken in the bay were 15,320 at area .
in October and 92,800 at area X in June-both surface samples collected far nortbd
ward in the bay. The time of occurrence of the maximum counts for this genUS an t
for other Dinoflagellata mentioned above supports Kofoid's suggestion (1921) tht'
the increase in numbers may be related to the decay of phytoplankton, but it is als~
true that the increase in number took place when the temperature was highest an
the light strongest.

Noctiluca miliaris Surivay, a protozoan belonging to the group Cystoflagellata
was found on nearly every cruise in 1915 and 1916. This form, according to Oste?
feld's resume (1913), occurs only in coastal waters, not in the open ocean and not l~
water of too low salinity like that of the Baltic Sea. Bigelow (1926) has not taken 1

in the Gulf of Maine, and Fish (1925) did not report it from Woods Hole. Its de
cidedly irregular distribution in Chesapeake Bay bears out the statement of oste~
feld that individuals may appear in large numbers in a certain place, stay for se\Ter .
weeks, and disappear then, while a short distance away they never become numerous,
A few specimens of Noctiluca made their way north as far as area X in Chesapealte
Bay during 191.5 and 1916, but it was only in the lower end of the bay that theyoC
curred in considerable numbers. The data show the highest numbers at the surf~ce
and the largest count (2,400) was that in a surface sample taken at area F dur1ng

September, 1916. While the distribution in the bay was quite irregular, the dllr
point to a maximum in the fall with considerable numbers in the spring and ellr Y
summer. ?urin~ the cruis~s of January and March almost no specimen~ werer~
corded, whIle dunng the cruIse of July the numbers were low. No conclusIOn Clln .
reached as to the distribution with reference to the mouth of the Potomac River e";
cept that the outstanding high counts were not there but in the region of the rnout

of the bay. . 'n
. A rather large number of genera belonging to the Infusoria were represented ~Y

the plankton samples, and they have been listed and the numbers tabulated e
Cunningham in the paper of Wolfe and Cunningham (1926). Of these only oll
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genus, Cyttarocylis, belonging to the Tintinnidae has been studied sufficiently to
lllake it possible to draw any conclusions as to distribution. Specimens were found
on every cruise during the year 1916 (January, March, April, June, July, and Sep
tember). The highest counts were obtained from samples taken during the March
cruiRe, and the numbers were more abundant in the samples from the lower part of
the bay.

COELENTERATA
PORIFERA

Practically all of the collecting done on the survey was in the offshore waters,
s~ that the sponges of the shallower water have not been investigated. Dredging
~th the beam trawl and with the mud bag at the shallow stations have brought to
lIght, however, four species of sponges, one of which is new, and a new variety. These
ha\'e been identified by H. V. Wilson, and I am indebted to him for the following list:
Tetilla laminaris George and Wilson, T. laminaris val'. symmetrica n. var., Suberites
paradoxus Wilson, Halichondria panicea Johnston, and Microciona prolifera Verrill.

Tetilla laminaris was dredged on one occasion only at 10 meters at area K. This
area is located on the eastern side of the bay opposite t.he mouth of the Potomac
Rher. The specimen was taken during .July, 1920, in water of 14.79 per mille salinity
and 24.40 C. temperature. The bottom in this region was partly sandy and partly
llluddy (depth 10 meters). T. laminaris George and Wilson, val'. symmetrica was
found gro'\\-ing at area D, off New Point Comfort (depth of 8 meters) on a sandy
bottom. Three specimens were brought up during the April, 1920, cruise from
'Water of 21.23 per mille salinity and 11.1 0 C. temperature. A new species, Suberites
paradoxus was dredged during the July, 1920, cruise at area G, off New Point Comfort
(depth about 13 meters). The bottom in this region was variable in character, and
the temperature and salinity of the water from which the specimen was taken were
22.00 C. and 22.49 per mille. During the January, 1921, cruise numerous fragments
of Halichondria panicea were found at area Q (depth about 14 meters) off Sandy
POint and at area A (depth about 46 meters) near Cape Charles City. In the first
case they were taken from water of 21.59 per mille salinity and 4.20 C. temperature,
'While in the second case the salinity and temperature were about 26.00 per mille
and 4.90 C. Microciona prolifera was dredged during the July, 1920, cruise at area
: (depth about 13 meters) off Point No Point and area J (depth about 13 meters)
Just south of the Maryland and Virginia line. The salinities were 17.27 per mille
and 15.47 per mille, the temperatures 23.50 C. and 25.2° C., respectively.

. Undoubtedly the ideal home for sponges is in a region where there are plenty of
SolId objects for attachment, so one finds them living well among rocks, stones, shells,
corals, etc. They are known not to do so well in regions where the bottom is made
of soft mud or fine sand. For example, in the deeper part of the fjords (Appellof,
1912) of Norway, where the bottom is muddy, the sponges are absent. It is not
Surprising, then, that many specimens or species of sponges were not found during
the offshore dredging in Chesapeake Bay, since much of the bottom in the deeper
P~tts of the bay is muddy. It is of interest to note that all of the specimens collected,
With the exception of one, were taken from regions where the depth ranged from 8
to about 14 meters-in other words from the shallower areas of the bay. No sponges
'Were dredged from the mouth of the bay, which is largely a region of shifting sand.
.All the specimens found come from the lower half of the bay, below area P, near the
lllOuth of the Potomac River, and none were taken in water of a lower salinity than
14.79 per mille.
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CNIDARIA

HYDROZOA

The hydroids collected in the deep waters of Chesapeake Bay have been studied
by Charles W. Hargitt. He has identified 14 species and listed those identified and
described for Chesapeake Bay by C. C. Nutting (1901) and S. F. Clarke (1882). ~Y
far the most abundant hydroids collected by our survey belong to the genus Thuiarla.
Three species, one of which at least is of commercial importance, have been reported
from the bay and its tributaries by Nutting. They are Thuiaria argentea Linn., T.
cupressina Linn., and T. plumulifera Allman. Hargitt in working over the collec
tions of the year 1920 found T. argentea at many stations and speaks of it as "bY
all odds the most common species taken." The beam trawl hauls show that
Thuiaria was found widely distributed over the deeper parts of the bay; but the
indications are, as has been pointed out by Radcliffe in the log for the 1916 cruiseS
and by Hargitt, that some of the material taken was unattached to the substratu~,

although not floating at the surface. Ordinarily roots were not found on the specI
mens. Floating hydroids have been observed by Bigelow (1915) on Georges BlIJlk

off Cape Cod and their occurrence is discussed by C. McLean Fraser in BigeloW'S
paper (1915). R. C. Osburn, who has studied the Bryozoa collected in the Chesa
peake by this survey, has commented on the large amount of dead hydroid material
received by him with Bryozoa attached, and suggests that they were brought into the
bay by tides and currents from near the mouth, where they grow. The observations
of Radcliffe (1916) showed that Thuiaria had increased in abundance during the
March and April cruises as compared with the supply during the previous winter.
The indications are that the Thuiaria species can withstand a large range of salinitieS
and of temperatures.

The following hydroids are known to occur in the region of Fort 'Wool, Va.:
Oalyptospadi.r cerulea Clarke, Eudendrium carneum Clarke, Stylactis arge Clarke,
Lovenella gracilis Clarke, Bougainvillia rugosa Clarke, and Hydractinia echinata FleJll
ing. Several other hydroids have been collected from Chesapeake Bay, and they are
now in the United States National Museum. The following list is available owing'
to the courtesy of Waldo S. Schmitt, curator of invertebrates: Oampanularia ap·,
Thuiaria argentea (L) from Jerome Creek, Md., T. cupressina (L) off Virginia, T·
plumulifera Allman, Aglaophenia rigida Allman, Oladocarpus jlexilis Verrill off Virgini~,
Antennularia americana Nutting, A. antennena (L), A. simplex Allman, Plumular¢
jloridana Nutting, and Plumularia, near alternata. Two of these species, A. anten
nena and P. "near alternata," were determined by Verrill and the rest by Nutting·

HYDROMEDUS.tE

The hydromedusre collected during the July, August, October, and December
cruises of 1920 and the January and March cruises of 1921 have been examined and
identified by H. B. Bigelow. I am indebted to him for the information that the
collection contains no new species and that no extensions of any importance to the
geographic ranges were found. He points out that there are very few species, and
that the well-known form Nemopsis bachei greatly predominates in the collection.
This form, which occurs very abundantly along the Atlantic coast near the mouth;
of large bays into which pure ocean water has free access (Mayer, 1910), was foUll
widely distributed in Chesapeake Bay during the cruise of December, 1920. It was
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~aken frequently in the surface nets as well as in the bottom net, and the records show
Its occurrence as far north in the bay as area W, off Bloody Point. The records also
show that this form was present in the bay during the cruises of July, August, October,
1920, and January and March, 1921. A few other hydromedus~ were collected,
some of which were identified provisionally. The complete list is as follows: Bou
gainvillia carolinensis McCrady, B. ramosa Van Beneden (provisional identification),
Nemopsis bachei L. Agassiz, Blackjordia virginiana Mayer, Liriope scutigera McCrady
\prOvisional identification), and Aglantha digitale Fabricius (too fragmentary to throw
light on varietal relationships).

SCYPHOMEDUS)E

By far the most common jellyfish (or sea nettle, as it is called), in the region of
~hesapeake Bay is Dactylometra quinquecirrha L. Agassiz. It occurs there usually
In the "Chrysaora" stage, characteristic of the brackish water-that is, with 32
marginal lappets and 24 tentacles and mature gonads instead of with 48 marginal
lappets and 40 tentacles (R. P. Bigelow, 1890; Mayer, 1910). Mayer reports (p.
588) that D. quinquecirrha in the 40-tentacle condition develops at the mouth of
Chesapeake Bay "in the purer ocean water * * *" The unpublished observations
of Radcliffe on cruises during October and December, 1915; January, March, April,
June, July, August, and September, 1916, give a good idea of the seasonal abundance
of older specimens of Dactylometra in the bay. During the October cruise this form
Was reported at practically every station from the mouth to Sandy Point, near Balti
tnore; on the December cruise it was seen very infl'equently; during the cruises of
January, March, April, and June it was not reported, although, of course, it may not
have been entirely absent; on the .July cruise it was very abundant, especially at the
lllouth of the bay and was found as far north as area X; finally, during the September
cruise it was still abundant at many stations. The records indicate that Dactylo
metra became abundant in the Chesapeake during July, 1916, and according to
:Radcliffe one fisherman, at least, in the southern part of the bay, anticipates a"run"·
dUring that time of the year and takes up his nets to prevent their "burning." Mid
sUmmer and early fall apparently was the time of abundance of this form in Chesa
Peake Bay during 1916, a conclusion which agrees with observations made along the
New England Coast and at Tampa, Fla. Dactylometra in the" Chrysaora" stage
has been found in considerable numbers by the writer in the Severn and Magothy
:Rivers during October, and Mayer reports it from St. Marys River, Md., early in
November, 1904 and 1905. E. A. Andrews has found it in the fall, 10 miles up the
Severn River and about the docks 'in Baltimore Harbor. Undoubtedly it is the com
Inon form during the fall in the rivers emptying into Chesapeake Bay. Dactylometra
qUinquecirrha, according to the observations of H. B. Bigelow for the New England
region, is strictly a coastal form and does not occur north of the Cape Cod region.
!n its "Chrysaora" stage it is able to survive through a large range of salinities,
~Udging from observations made in the Chesapeake; buttits geographical distribution
Indicates that it is a warm-water form.

It is not improbable that Dactylometra breeds in Chesapeake Bay and that the
PlanuIlll, scyphostomre, and ephyrlll are present in the summer, winter, and spring,
respectively, but the records on which the above discussion ill based deal only with
t?e older and easily seen specimens. However, the ephyrre of Dactylometra quinque
ctrrha have been seen by W. K. Brooks at Fort Wool, in the southern part of the
bay, and figures made from them have been published by Mayer (1910).
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The common jellyfish of the Atlantic coast, Aurelia, was not found in la.rge
numbers during 1916, but during the March cruise it was taken in considerable
numbers in the southern half of the bay. The reddish-colored jellyfish Cyanea,
which, according to Damas (1909) and also Bigelow, is characteristic of coast or bank
water, appears in Chesapeake Bay at times. It was abundant during the April cruise
of 1916 and was found at almost every station from area J, at the mouth of the poto
mac River, to area X, near Baltimore. During the August cruise of 1920 a few large
specimens were seen in the region of the Potomac. E. A. Andrews reports having
seen small specimens in the waters of the eastern side of the bay near Love point,
which is only a few miles from Baltimore.

ANTHOZOA

Slender branches of a gorgonian have been collected on many cruises during 1916,
1920, 1921, and 1922. These whiplike branches, which may be as much as 60 or 70
centimeters long, measure scarcely over 1 millimeter in diameter. Some are yelloW
and others reddish in color. They have been taken in the beam trawl and the bottow
townet at stations near the mouth of the bay ordinarily, but not infrequently speci
mens have been found in the region of the mouth of the Potomac River. During
June, 1921, a few fragments were collected as far north as area R, off Barren Island
near the mouth of the Patuxent River. None of the specimens was attached to stoneS,
shells or other objects, and so there was no evidence to show that they were growing
on bottom materials. During the May-June cruise of 1921 specimens were brought
up from the following areas: G' off Old Point Comfort; Hat the mouth of the Rappa
hannock River; I near the mouth of the Potomac River; N in the mouth of the same
river; L' off Holland Island; and R off Barren Island. On no other cruise was such
an extensive distribution noted-that is, over more than the lower half of the bay
but in March, 1922, it was found as far north as the mouth of the Potomac River.
The records indicate that this gorgonian may be found in the bay at any season, in
shallow or deep water, but that it does not reach the upper parts of the bay. An
attempt to identify this species from descriptions made by Verrill lead me to belie",e
that it is identical with or closely related to Leptogorgia virgulata (Lmk.), but the
fragmentary character of the specimens and the lack of confirmation of such an
identification by specialists make it necessary to consider the conclusions as tentative.
A. Knyvett Totten, who is working on the gorgonians of the British Museum, has
examined specimens of the species found in the Cheaspeake, and although he hilS

not had access to Verrill's material is of the opinion that our species is L. virgulata.
Only one species of sea anemone has been collected in Chesapeake Bay during

the cruises of 1916, 1920, 1921, and 1922, but these cruises were limited to operationS
in offshore waters. This unidentified species had a surprising distribution, judging
from our dredging collections, being found at area Z on the following cruises: 1920,
August, October, and Decem»er; 1921, June; 1922, March; area W, 1920, December;
1921, June; area V, 1921, June; area T, 1920, July; area R', 1921, March; area p,
1921, June; and area 1,1920, July. In other words, it was not found below the mouth
of the Potomac River, and it was taken most often at area Z, off Sandy Point, not fBf
from Baltimore. It was always brought up attached to rocks, shells, slag, or other
hard objects. This form was never taken in the deep-water channel, possibly because of
a lack of shells and stones for attachment. It was found only in water from 7 to 12 me
ters deep, but probably it may be found, by shore collecting, in shallower water; in fact,
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E. A. Andrews reports the occurrence of an anemone (probably of the same species)
frolll the Severn several miles above Annapolis. It seems to be adapted to water of
a rather low salinity but to an extensive range of temperatures. However, it must
not be forgotten that another factor affecting the distribution is the presence of hard
objects for attachment. The 12 samples mentioned above were taken in water which
varied in salinIty from 11.46 to 18.47 per mille, and in temperature from 5.3 to 24.1 0 C.

Fragments of a coral which were probably the calcereous portions of Astrangia
dan~ Agassiz were brought up on 9 different occasions by the beam trawl or the mud
bag. These were all found near the mouth of the bay-4 times at area Gj 5 times at
area Ej once near Cape Henry (all three of which localities are directly in the mouth
of the bay)j and once at area A off Cape Charles City. In addition to this, Radcliffe
reports finding "white corals, many growing on stones" at station 8592 near Ca.pe
Henry in about 18 meters of water. .

CTENOPHORA

The ctenophores are a conspicuous element in the plankton of Chesapeake Bay
at certain times of the year. They were so abundant during some of the cruises of
1920, 1921, and 1922 that they interferred with the proper working of the townets.
No attempt was made to study the ctenophores intensively, and whatever records
We have are the result of general observations on their relative abundance made
When the nets were brought in. Beroe omta Charnisso and Eysenhardt is known to
?Ccur in the bay. It was collected by Mayer (1912) from St. Marys River, Md.,
1n November, 1905, and has been figured in his monograph OIl the ctenophores.
Beroejorskalli was reported by Bigelow (1922) as being present in the mouth of the bay
and outside in July, 1913. Radcliffe, in the unpublished log, reports the presence
of a "Pleurobrachialike" ctenophore at stations near the mouth of the bay-for
example, at areas G and A in March, 1916, and again at areas in the same general
region in April, 1916. Very probably the species was Pleurobrachia pileus or possibly
the nearly related species P. brunnea, if the latter is a valid species. It is also probable
that Mnemiopsis gardeni, which is known to frequent brackish-water bays and
estuaries from Chesapeake Bay to northern Florida, was common in the bay. During
the January cruise, 1916, ctenophores were abundant in several localities, but on the
March and April cruises they were scarce except at stations near the mouth of the
bay. They were abundant in the southern half of the bay during the June cruise
and allover the bay on the July cruise, although in greater numbers in the upper half.
The ctenophores were still very abundant in the upper waters of the bay and extremely
abundant near the mouth of the Potomac River during the September cruise. Similar
Conditions were found in 1920. During the January, 1920, cruise they were numerous
~ll over the bay, but in March they were found only at areas E, F, and G, which are
10 the mouth of the bay. On the May cruise they were still scarcej but on the July,
October, and December cruises they were again numerous all over the bay, and
especially so near the mouth of the Potomac in December.

The ctenophores were still widely distributed over the bay during the January
cruise of 1921, but again as in 1916 and 1920 the hauls so far as made on the March
cruise showed a scarcity.. It must be stated, however, that at many areas during
this cruise the nets we;e not used. On the May..June cruise the ctenophores wer,e
1ll0re numerous. Finally, again during the January and March cruises of i922,tbey
shOWed conditions similar to other years-that is, a wide distribution during the
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January cruise and a great scarcity in March. While the discussion just given is not
based on a careful quantitative study of the abundance of the ctenophores, the fact
that there is close agreement between the observations made by Radcliffe in 1916 and
by the author in 1920, 1921, and 1922 as to relative abundance makes the conclusions
of considerable value. The evidence all supports the view that a scarcity of full
grown specimens, at least, occurs during the spring months (for example, March, 1916,
1920, 1921, and 1922), that the numbers increase in early summer, that they reach t\

maximum in the late summer and fall, and that during part of the winter they are
still present, widely distributed. In the late fall and early winter the writer has found
them several miles up the Severn River.

Our observations on the seasonal occurrence of ctenophores in Chesapeake Bay
are in rather close agreement with those made by Nelson (1925) for the inland coastal
waters of New .Jersey.

VERMES
NEMATHELMINTHES

NEMATODA

The collection of nematodes, which is large, is now in the hands of Dr. N. A.
Cobb, senior nematologist of the Department of Agriculture. He has been working
on them for some time and finds that the five hundred and odd specimens comprise
at least a dozen genera (Oncholaimus, Chromodora, Euchromodora, Enoplus, Anti
coma, Spilophora, Monhystera, etc.). The number of species he states are "upward
of 20, some of them doubtless new." No further discussion of this group can be made
at the present time.

CHAETOGNATHA

The occurrence ofsagittas, ordinarily thought of as marine planktonic forms, in
the waters of Chesapeake Bay is not surprising when it is known that one species at
least has been found in the Baltic Sea (Apstein, 1911, p. 174; Ritter-ZAhony, 1911,
p. 19) and since the investigations of Huntsman and Reid (1921, pp. 10-14) have
shown that Sagitta elegans was found in brackish water estuaries where the salinity

'was probably as low as 20 per mille. Three species Sagitta elegans Verrill, Sagitta
serratodentata Krohn, and Sagitta enftata Grassi represent the sagittas collected during
the cruises of July, August, October, Decem'ber (1920), and January, March-April
(1921). The writer made the identifications following the classifications of Ritter
ZAhon.y (1911) and Huntsman (1919), although no attempt was made to distinguish
subspecies. Of the three species mentioned, specimens of Sagitta elegans were by far
the most abundant, and specimens of S. serrotodentata barely made their appearance
inside of the bay.

The studies of Huntsman (1919), Bigelow (1922, 1926), and myself all lead
to the conclusion that Sagitta elegans is primarily 8. neritic form. This species,
however, was all but absent from Chesapeake Bay during the July and August
cruises, judging from numerous surface (over 100), and bottom towings (over 40), and
vertical hauls (30) made at widely distributed areas. Only at areas G in the mouth
and B near by were any specimens captured. All of these were small forms varying
from about 4 millimeters to 10 millimeters in length, and only one specimen was
taken in the surface nets. Additional evidence indicating a scarcity during the
summer is afforded by the records in the log for the May-June cruise of 1921, which
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show that no sagittas were seen in any of the unpreserved samples as they came to
the surface. Such a condition suggests that the sagittas are really immigrants into
the bay. It is of much interest to find that the towings of the October cruise revealed
considerably larger numbers of S. elegans in Chesapeake Bay than those of the summer
Cruises, and also to recall that this cruise took place during the time of year when
there was a strong tendency for the deeper and more saline layers to move into the
bay. The records, which deal with the usual large number of surface and bottom
towings, show that all the specimens were small, about 4 to 10 millimeters in length,
and that they were distributed as far north in the bay as area X. While there were
lllany surface towings made, all of the specimens came from the bottom net (which,
hOwever, was not a closing net), indicating that S. elegans was confined largely to
the deeper and more saline waters in the daytime, at least when all the samples were
taken. By far the largest catches were in the mouth of the bay, and the numbers
showed a fairly uniform decreasing range for the successive areas passing toward
the head. The following data for the bottom net (10 minutes towing) illustrate
this: Area G, 927 specimens, largest 6 to 7 millimeters long; area F, 805 specimens of
about the same size as those for area G; area A, 5 specimens 4 to 7 millimeters long;
area B, 33 specimens mostly about 8 to 10 millimeters long; area 0, 16 specimens
about 8 to 10 millimeters long; area Q, 42 specimens ranging up to 10 millimeters
long; area H', 5 specimens 4 to 7 millimeters long; area I, 3 specimens about 6 tolO
lllillimeters long; and area X, 1 specimen about 9 millimeters long. No large
sPecimens were found.

While it is probable that Sagitta elegans breeds to some extent in the bay,
the absence of large specimens during the October cruise, the large number of young
SPecimens in the waters of the mouth of the bay with a decreasing number farther
in, the autumnal hydrographic conditions, and at the time of the July and August
cruises an almost complete absence of it from the hauls, indicate that the bulk of
the specimens found during the October cruise were being transported gradually
froln their breeding place, probably just outside of the capes, into Chesapeake Bay.

The towings of the December cruise showed no large numbers of Sagitta elegans,
nor was the distribution over the bay extensive. In fact, practically all of the speci.
lnens were taken in the mouth of the bay and close by. Only small individuals,
from 3 to 11 millimeters in length, were captured, although the usual number of
towings was made.

During the January (1921) cruise, the usual, numerous towings all over the
bay brought in rather large numbers in the lower half of the bay-that is, from area
J to the mouth-but north of area J no specimens were captured, although many
sUrfa.ce and bottom towings were made. At this time specimens of Sagitta elegans
of rather large size, as much as 25 millimeters long, were taken, but in addition there
\\tere many smaller individuals which graded down to 4 millimeters in length. A
gOod idea of the character of the catches may be had from the following data for
the bottom net (lO-minute towings): Area F, 106 specimens (seven 20 to 25 milli
llleters long, 79 larger than any captured in earlier cruises but none 20 to 25 milli
Illeters long, and the rest of the 106 graded from 6 to 10 millimeters long) i area E,
17 specimens (six 15 to 21 millimeters long ~~d eleven 4 to 10 millimeters long);
area. B, 60 specimens grading from 5 to 24 millimeters long; area 0, 1 specimen 17
lniUimeters long; area Q, 1 specimen 25 millimeters long; area H, 4 specimens, the
largQSt 17 millimeters long i and area J, 3 specimens 20 to ~2 millimeters long. Only
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four of the large number of surface towings yielded any specimens. These, only
10 specimens in all, were mostly small.

The towings from the March-April cruise possibly show the culminating effect
of the inflowing bottom current characteristic of the fall and winter months, bY
the very large catches of Sagitta elegans; although the large numbers of small speci
mens, some of them only 1 or 2 millimeters long, in addition to many large specimens,
even in the upper part of the bay indicate that the great abundance was due in part
to breeding taking place in the bay. A large number of the specimens collected
during the March-April cruise were in good condition but some of the larger speci
mens were shrunken. Whether this condition indicated the passing of the breeding
seasonior those individuals, or whether it was the result of the effect of low salinity,
I am not prepared to say. The following data for the bottom net (10-minute towings)
which must be considered as covering only the upper half of the bay since no surface
or bottom towings were made south of the mouth of the Potomac River or more
precisely south of areas R' and R off Barren Island, show that the catches (given
in round numbers) were much larger in that region than those of any other
cruise: ArM R', 70 specimens, the largest of medium size and grading down to 2
millimeters in length; area R, 2 specimens; area T, 120 specimens of medium size;
area S, 1,850 specimens (nine 26 to 28 millimeters long, 1,841 grading down to 1
to 2 millimeters in length); l\,rea. V, 26 specimens in poor condition (salinity not
over 9.16 per mille, shallow area, 9 meters in depth); area t, 7 specimens, one 22
millimeters long; area Y, 1,650 specimens, the largest 31 millimeters long and grading
down to 2 millimeters in length. This surprisingly large catch at area Y, which
is off Love Point, not far from Baltimore, was made in water the salinity of which
was not higher than 12.99 per mille. On the same day about two hours earlier
one of the two largest catches of Copepods for all the cruises was made at area Z
close by.

The catches of Sagitta elegans taken in Chesapeake Bay are of interest because
of the large numbers of small specimens and the small numbers of large specimens,
the latter being limited to the January and March-April cruises. The capture of

'only one specimen reaching 31 millimeters in length indicates that this species does not
grow as large in the Chesapeake Bay region as farther north, ·where it is colder, and
supports the conclusions of Huntsman (1919, p. 447) and Bigelow (1926, p. 320) tha.t
the size of S. elegans is dependent upon the temperature. Another point of interest is
the occurrence of some very small specimens of S. elegans, at least during all of the
cruises (July, August, October, December, 1920, and January, March-April, .1921),
even though limited to the mouth of the bay. Such a condition indicatesthBt S.
elegans breeds continuously during those months, outside or inside oltha bay,and
leads to the suspicion that it may breed to some extent throughout the-summer off
Chesapeake Bay, as Bigelow (1926, p. 314) has found to be the case on th$ Georges
B~. .

Owing to the fact that the so-called "bottom net" used on our cruises was Dot
olthe closing variety, no definite information can be had as to the vertical distributioll
'Of as to the precise salinity in which specimens brought up in that net- lived. The
scarcity of specimens in the surface nets during all cruises shows clearly, however,
that Sagitta elegans was' almost confined to lower layers during the daytime, at least.
All of the towings in the bay were made in the daytime. The gtudies of Huntsman and
Reid (1921, p. 12) in the estuary known as the'MagagnadaVic Rivershow that there
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Was a tendency for S. elegans to remain near the bottom, at least during the bright
half of the day. As might be expected, we found S. elegans in water of 29 to 30 per mille
salinity outside of the capes, but large numbers of small specimens grading up to sped
lUens over 30 millimeters long were found in good condition at area Y in water of not
lUore than 13 per mille salinity. (Surface salinity at this area, 5.26 per mille;
bottom salinity, 18 meters, 12.99 per mille.) This haul was made in March, 1921;
and undoubtedly it was not an unusual condition for that time of the year, because
the log in which were recorded the conspicuous organisms in the hauls at the time they
\Vere brought to the surface shows that in March, 1920, and March, 1922, sagittas
Were present in the same region, close to area Y (surface) and at area X, respectively.
The salinity of the water in which the specimens were found at the former area was
11.63 per mille and at the latter area not more than 16.79 per mille. The great abun
dance of S. elegans in Chesapeake Bay even at the time of low salinities and the small
numbers of S. serrotodentata, S. enjlata and other sagittas, in so far as our records'
show, indicate that S. elegans is adapted to a large range of salinities, while the other
species are not. However, it does not follow that the degree of salinity of the water
is the only factor which accounts for the horizontal distribution found in Chesapeake
Ba.y. The specimens caught at the surface were too meager in number to make any
comparison of the relative numbers at the mouths of rivers as compared with other
regions or to study differences on the east and west sides of the bay which might
possibly be due to differences in salinity.

It is generally believed that the temperature of the water is another factor
governing the horizontal distribution of Sagitta elegans. The scarcity of specimens in
the bay during the summer cruises, when the comparatively shallow waters are heated
to as much as 24° C. at the bottom and 27° C. at the surface, and their abundance
during the coldest season, when the temperature drops to near 0.0° C. at the surface
and a degree or so higher at the bottom, suggests the importance of temperature in
determing the distribution. But other factors, such as an abundance of food, must be
be considered; and in this connection it is of special interest to note that during the
March-April cruise (1921), when S. elegans was so abundant in the upper bay, at

.least, C. B. Wilson found the copepod Acartia clausii in maximum numbers in the
Same region. It is known that copepods are an important food of sagittas, and
Bigelow (1926, p. 320) has pointed out the probable dependence of the distribution
of S. elegans on the calanoid copepod plankton. In the case of vertical distribution
the intensity. of light should not be neglected. Finally, dominating fall and winter
in-going bottom currents must be considered as probable factors affecting the seasonal
and horizontal distribution of S. elegans in Chesapeake Bay.

Our records show that Sagitta enjlata was scarce in Chesapeake Bay during all
.the cruises. I t was taken almost as seldom as S. serratodentata. S. enjlata is recog
nized as a tropical form, characteristic of the surface waters of the Gulf Stream (Hunts
Qlan, 1919, pp. 425, 426; Ritter-Zahony 1911, p. 17; Big~low 1917, p. 298; Bigelow

'1926, p. 334). Huntsman has found it as far north as 43° 30' N, off Nova Scotia;
while Bigelow has taken it off Marthas Vineyard, off the coast of New Jersey, and as
far south as the region of Chesapeake Bay. Fish (1925) does not report it from Woods
lIole.ltNo specimens were captured in the Chesapeake Bay during our July and
August cruises (1920), although a few were found outside; but on the October cruise
4 specimens were taken at area Q, 2 at area A, and 10 at area B. The two latter areas
are near the mouth of the bay while the former one is a little farther north abreast of
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the mouth of the Rappahannock River. It was somewhat surprising to find speci
mens of S. enjlata at area Q, but the sausage-shaped ovaries with large eggs and short
tail convinced me of the identity of the specimens. Furthermore, they were coIIl
pared with some of Conant's preparations and were in perfect agreement. During
the December cruise five specimens were found in the mouth of the bay at areas 0, F,
and Ej while on the January (1921) cruise only one specimen, badly distorted, was
caught. It was taken in the mouth of the bay at area O. No specimens were ob
tained during the March (1921) cruise. The scarcity of this sagitta in the bay and itg
practical absence after the December cruise indicate that it is an oceanic tropical forIIl·

The only other sagitta which has been captured by our nets in Chesapeake Bay
is Sagitta serratodentata, another tropical form which is characteristic of the Gulf
Stream (Bigelow 1926, p. 58) but which may spread shoreward during warm summers·
Bigelow (1915, pp. 299 and 300) found it well in toward the mouth of Chesapeake

• Bay in July, 1913, and Huntsman (1919, p. 442) speaks of it as being a cosmopolitan
and epiplanktonic, warm-water form whose distribution in the Gulf of St. Lawrence
region extends farther inshore than any other sagitta, being able to withstand the
lower temperature and salinity better. While S. serratodentata was found outside of
Chesapeake Bay in considerable numbers during our August cruise, only five specimens
were discovered inside the bay. One was taken at area 0 in August, 1920, another
at area F in January, 1921, and three specimens at area E during the same cruise.
All of these areas are in the mouth of the bay. During the July, October, December,
and March-April cruises no specimens were found. The specimens captured were
all small, varying from 9 millimeters to 15 millimeters in length.

During the August cruise, surface towings were made outside of the bay at three
stations (8832, 8833, 8835) where the depths were 118 fathoms (214.5 meters), 67
fathoms (121.8 meters), and 20 fathoms (36.4 meters), respectively. A few specimens
of Sagitta elegans (35, 1, and 32 after 30 minutes towing), all not more than 10 milli
meters in length, were taken in each haul. These three towings were made during
the following periods of tinle: 5.13 p. m. to 6.16 p. m., 7 p. m. to 7.55 p. m., aJld
11.05 p. m. to 11.45 p. m., respectively, and throughout the work the sky was partly
cloudy and the atmosphere hazy. Four specimens of S. enflata, three of them o\fer
25 millimeters long, were taken in these surface towings, all four at station 8832,
but no specimens of S. serratodentata. Towings with a nonclosing bottom net for
30 minutes at each of the three stations-8832, 8834 (43 fathoms or 78.2 meters depth),
and 8835-yielded 43 specimens of S. elegans of various sizes up to 14.5 millimeters
in length at station 8834; 15 specimens, some as large as 12 millimeters in length, at
station 8835; and no specimens at station 8832. On the other hand, the same bottoIJl

towing sample at station 8832, which it will be remembered was the farthest out in
the Atlantic Ocean (depth 118 fathoms or 214.5 meters), and which I have just said
yielded no S. elegans, brought up 133 specimens of S. serratodentata. The bottoIJl

towing sample at station 8834 nearer the mouth of the bay (43 fathoms or 78.2 meters
depth) which brought up 43 specimens of S. elegans, oaptured 40 specimens of S.
serratodentata. The individuals of the latter species were all small, varying fro.lO
about 7 to 17 millimeters in length. Finally, the bottom towing sample at station
8835, close to the mouth of Chesapeake Bay (depth 20 fathoms or 36.4 meters) wit~
its 15 specimens of S. elegans brought to light only 2 specimens, both about 12 millI
meters long, of S. serratodentata. Specimens of S. enflata were extremely rare in ail
of the bottom towings just mentioned. Two, one of which was 21 millimeters long,
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\\Tere taken at station 8832 and one at station 8834. While the use of a nonclosing
bottom net and the limited number of samples makes it impossible to draw any con·
c~usions of unquestionable trustworthiness concerning the precise vertical distribu
tIon of S. elegans and S. serratodentata, the indications are that during the August
cruise the latter species was more abundant in the deeper layers, since practically no
specimens (only 3 specimens at station 8834 and 1 at station 8837) were found in the
surface hauls. The gradually decreasing numbers of specimens of S. serratodentata
from the 100-fathom line to the mouth of Chesapeake Bay, as seen in surface find
bottom towings, and the practical ll.bsence of this species in the bay throughout our
cruises a.re in keeping with Bigelow's (1922, p. 153) statement that it is the" more
oceanic" of the two species under consideration.

BRYOZOA

, The offshore waters of Chesapeake Bay have yielded 17 species of Bryozoa.
lhese have been identified by R. C. Osburn. He calls attention to the fact that the
number is small for such a large area, but it should be mentioned that the survey
covered only the deeper waters and that no special efforts were made to investigate
one region more than another in order to find a la.rger number of species of this group.

The list of species follows: Barentsis discreta (Husk), Ori,<;ia eburnea (Linnaeus),
Bugula gracilis val'. uncinata Hincks, Bugula turrita (Desor), Electra pilosa (Linnaeus),
Membranipora membranacea (Linnaeus), Hemiseptella deni'iculata (Busk), Hippothoa
hYalina (Linnaeus), Schi!opodrella unicorn-is (Johnston), Microporella ciliata (Pallas),
~lcYonidi'um verrilli Osburn, Alcyonidium parasiticum (Fleming), A.nguinella palmata

an Beneden, Bowerbankia gracilis var. caudata (Hincks), ?Amathia alta'nata Lamou
roux, ?Victorella pavida Saville Kent, and Triticella elongata (Osburn).

Most of the specimens collected were taken from the shallower areas of the
~ffshol'e waters. Only a few specimens came from the deep holes such 0.1' areal' A, J,
n' and S. Amathia alternata which Osburn found in a,bundance on the beach at

eaufort, N, C" was dredged from area G in the mouth of the bay; area G', nearby,
~ff Old Point Comfort; and areas A, B, and C, which mark a line across the bay
rom Cape Charles City to New Point Comfort. Its distribution in Chesapeake
~ay seems to be limited to the extreme lower end of the bay, as has been pointed out
YOsburn, and it was found onlv in water of a bottom salinitv ranging from about2') • •
'~ to 31 per mille.

Eight other species, Barentsia discreta at area A (23.96 per mille), Bugula gracilis
\l"8;!", uncinata at area A (27.06 per mille), Electra pilosa at area F (31.08 per mille),
lI'I.,?pothoa hyalina at area E, SchizopodreUa unicornis at area B (24.33 per mille),
"A:!'I.croporella ciliata at area E, Alcyonidium parasiticum at area F (31.08 per mille),
lind Bugula turrita at area E were taken only once and at the areas mentioned. While
aU of these localities are at the extreme lower end of the bay, the munber of specimens
Collected is so small that little should be said of the distribution.

One of the most abundant bryozoans found in the bay was the large, fleshy
~lcYonidium verrilli, which has been recorded before only from southern New Eng
and and New Jersey. Osburn has stated that it was found at areas all over the
~uthern half of the Chesapeake Bay but no farther north than at area L, which is
~Ose to the mouth of the Potomac River. Its frequent capture in the region men
non:d during all cruises and the entire lack of specimens from area L to area U, near

a.ltllnore, during the same cruises constitute convincing evidence that its distribu
1988-30-0
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tion was limited as just described. It occurred in water of a salinity ranging from
about 13.00 to 26.00, or more.

Two species, Bowerbankia gracilis var. caudata and 1Victorella pavida, have a
greater range from north to south, according to the data at hand,thanany other species
collected. The former was found at areas B, I, L, P, and S in water of salinities
ranging from 23.87 to 15.71 per mille, while the latter, which, as Osburn has pointed
out, is supposed to frequent waters of only slight salinity, was dredged at areas A, 0,
K, and S, which range from Cape Charles City to the region of James Island. The
salinities ran from 27.06 to 17.44 per mille. .

The distribution of Anguinella palmata is of interest since it was found only well
within the bay-a distribution which appears to be' characteristic of the species,
according to Osburn. It was collected almost exclusively from the region close to
the mouth of the Potomac River. During the cruises of July, August, and December,
1920, and January and March, 1921, it was dredged at area I; in December at areas
J and L; in January at area N, and in December at area H. Areas I, J, and L lie
close to the mouth of the Potomac, N just inside the mouth, and H a little faI'ther
south at the entrance of the Rappahannock River. The salinities of the water
ranged from 13.19 per mille at area N-to 21.10 per mille at area J.

Hemiseptella denticulata was .found at many areas in the lower half of the bay
but not north of area L. It was collected from water ranging in salinity from 14.72
to 26.44 per mille.

Undoubtedly the presence of solid objects upon which the Bryozoa may attach
themselves constitutes an important factor affecting the distribution; but the apparent
confinement of one species, at least, to the region of the mouth of the bay, the taking
of one only from the waters around the mouth of the Potomac River with the reports
of· a slightly brackish habitat for this species in other regions of the Atlantic coast,
and the total lack of specimens in our collection of over 70 colonies from above area
S indicate that the degree of salinity is a factor in determining the distribution. At
least, as Osburn has stated, no specimens were taken in waters of a salinity lower
than one-third of the salinity of pure sea water. Not much can be said concerning
the influence of temperature, but several of the species seem to be able to withstand
the winter and summer extremes of temperature found in the offshore waters at the
bottom (about 2° to 25° C.).

The salinities given in this section on the Bryozoaare those detennined from bottoIIl
samples; and they are probably the ones in which the various specimens were grow·
ing; but in some cases the specimens were taken on old hydroid stems which may
have been unattached to the bottom but probably drifting about very close to it.

ANNELIDA

The collection of polychaetous annelids is rather small, but this is largely due to
the fact that all of the material was dredged and to the fact that only the offshore
waters of the bay were studied.

The species listed below were collected during the August, October, December
(1920), and January," March-April (1921) cruises. All of the identifications were
made by Dr. A. L. Treadwell. The following species have been identified by hiJ1l
(three of the. species are new): Lepidonotus squamatus Linnaeus, L. variabilis Web·
ster, Harmothoe aculeata _Andrews, Paranaitiq speciosa Webstep, Nephthys ingenS

Stimpson, N. phyllocirra Ehlers; N. verrilli McIntosh, Sphaerosyllisfortuita Webster,



BIOLOGICAL STUDY OF CHESAPEAKE BAY WATERS 34:1

Pionosyllis manca 9 Treadwell, Myriana cirrata 9 Treadwell, Autolytus hesperidium
Claparede, A. solitarius Webster and Benedict, Nereis dumerilii Audouin et Milne
Edwards, N. limbata Ehlers, Lumbrinereis tenuis Verrill, Arabella opalina Verrill,
Diopatra cuprea Claparede, Ohaetopterus variopedatus Renieri, Strebl~spio benedicti
Webster, Scolecolepis viridis Verrill, S. tenuis Verrill, Polydora ligni Webster, P.
commensalis Andrews, Prinospio plumosa .9 Treadwell, Ammotrypane maculata Web
ster, Glycera americana Leidy, G. dibranchiata Ehlers, Goniada oculata Treadwell,. G.
solitaria Webster, Anthostoma fragile Verrill, Pectinaria gouldii Verrill, Maldane elon
gata Verrill, Praxiothea torquata Leidy, Eupomatus dianthus Verrill, Terebella ornata
Leidy, and Loima turgida Andrews.

The European species, Lepidonotus squamatus, is widely distributed along the
eastern coast of North America-from Canada to Virginia at least. In Chesapeake
Bay it was found no farther north than the mouth of the Potomac River and in water
of not less than 20.00 per mille salinity at the bottom. lO This species which was most
prevalent on sandy, shell, and gravel bottoms at Woods Hole (Sumner, Osburn, and
Cole, 1913, p. 120) was found in regions of sand, shells, and mud in the·Chesapeake and
at depths ranging from 13 to 37 meters. It was collected on the July, December (1920)
and January (1921) cruises in water whose temperature varied from 22.0 0 C. to 4.2 0 C.

Lepidonotus variabilis seems to be less widely distributed so far as reports go,
than L. squamatu8. Apparently it has a more southerly range, having been reported,
so far, from Virginia and North Carolina. In Chesapeake Bay it was found in several
regions (depths 11 to 46 meters) from the mouth of the bay to the mouth of the
Magothy River, near Baltimore. The salinities varied from 16.50 to 25.23 per mille.
Some of our specimens were collected in muddy regions, 'but the observations of
Andrews (1891) show that this species frequents shells, sponges, hydroids, etc., at
Beaufort,N. C. This species was taken during the July, December (1920) and
March-April (1921) cruises at water temperatures ranging from 21.9 0 to 10.3 0 C.

The "scale-annelid," I-Iarmothoe aculeata which has been found in Beaufort,
N. C., under stones and in sponges, by Andrews (1891) was taken in the lower part of
Chesapeake Bay on several occasions, and once outside of the bay, in regions of sand
or mainly sand and shells. The salinities ranged from 17.70 to 31.08 per mille.
Specimens were captured during the July, August, and December cruises of 1920 in
Water whose temperature varied from 24.8° to 10.1° C. They were taken in depths
from 8 to 28 meters and more.

Paranaitis speciosa (Anaitis speciosa) has been reported from Massachusetts and
New Jersey, where it was found on Mytilus beds and Diopatra tubes. Our dredging
records show that it is common in Chesapeake Bay, in regions where the bottom is
finn. It was collected from a region extending from Baltimore to the mouth of the
Rappahannock River, and was found frequenting shallow waters, ranging from 9 to 22
meters in depth. It was taken during the July, October (1920), and January,
March-April (1921) cruises in water of various temperatures, ranging from 23.5° C.
to 1.3° C.

The genus Nephthys is represented in Chesapeake Bay by three species, Neph
thys ingens) N. phyllocirra, and N. verrilli (the two latter European forms). Evi
dently they are not common species in the region investigated, since only one or two
specimens of each were collected.

" Named and described by Treadwell but stl1l unpUblished.
10 The sllllnities mentioned In 'this section on the Annelida are those at the bottom.
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Sphaerosyllis jortuita and Pionosyllis manca (a new species) are represented by
single specimens taken just outside of the bay.

A new species, Myriana cirrata, was taken frequently in the extreme southern
part of the bay (areas A, E, F, and G) during the July, August (1920), and the March
April (1921) cruises. It occurred in water that varied in salinity and temperature
from 25.23 to 30.39 per mille and 11.5° C. to 2L9° C. It was found atevarious depths
from 16 to 46 meters. The bottom in this region was largely of sand and mud, with
some shells.

The two species of Autolytus were not found abundantly. Of these, Autolytus
hesperidium, which has been reported previously from New Jersey and Virginia living
on seaweed and shells, was collected on one occasion only. It was taken from area V,
off New Point Comfort, during the January 1921 cruise. The depth was 10 meters,
and the salinity and temperature of the water were 23.39 per mille and 4.8° C. The
other species A. solitarius, has been reported heretofore only from Maine. In the
Chesapeake it was dredged in the mouth of the bay and off Barren Island, which is
about midway between the head and the mouth of the bay. Evidently it is 'able to
live in waters of widely differing salinities and temperatures. It was collected during
the October 1920 cruise at depths ranging from 23 to 48 meters.

Nereis dumerilii, a European form, which has been collected along the Atlantic
coast of America from the coast of Virginia and from the region of Woods Hole, was
found in the lower half of Chesapeake Bay. It was collected from these localities
(areas 0, F, and B) during the July, August, and October (1920) cruises. The records
show that the specimens collected were living in water the salinity and temperature
of which ranged from 17.70 to 31.08 per mille and 17.3° C. to 24.8° C. They were
dredged from depths of 8 to 48 meters.

Nereislimbdta, which is generally considered as a littoral form frequenting foul and
brackish waters (Sumner, Osburn, and Cole, 1913, p. 124), was the most common
annelid in the Chesapeake collection according to Treadwell. It has been reported
from various places from South Carolina to Maine. Webster (1879, p. ,36) considers
it as the only annelid that can live in the soft mud of brackish-water regions. In the
Chesapeake it was taken many times at areas which were in the upper half of the bay.
Only in a few cases were specimens captured near the mouth of the bay. Apparently
this species thrives in muddy regions in Chesapeake Bay, but it has been taken also
from some areas where the bottom was sandy or shelly. Almost invariably the speci
mens were found in water the salinity of which was not more than 20.00 per mille
(9.00 to 20.00 per mille) but in a few cases the salinity was higher. ' N. limbata waS
taken many times during each of the cruises (July, August, October, December, 1920,
and January, March-April, 1921) in water varying from 1.9° C. to 25.2°C. Most of
the specimens were found in shallow water, seldom deeper than 15 meters, but the
whole series of depths ranges between 7 and 38 meters.

Lumbrineries tenuisis an inhabitant df compact mixtures of mud 'andaand
according to Verrill (1873, p. 342), who found it abundant in the region of Vineyard
Sound. It has been reported from several localities (Virginia to Massachusetts),
but in small numbers. No specimens were dredged inside of the bay, but just out
side on the 20-fathom line one specimen was taken in August, 1920, in water of 33.58
per mille salinity and 8.9° C. temperature. ,

Arabella opalina, which has been found ,commonly along the Atlantic coast of
the United States and in great numbers in quiet bays and creeks (Andrews, 1891),
was dredged once only in Chesapeake Bay, and then at area G in the mouth of the
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bay. It was found at a depth of 23 m~ters in a region of black mud and sand during
the December, 1920, cruise. (Salinity 30.96 per mille, water temperature 11.6° C.).

The large tube-inhabiting annelid Diopatra cuprea is undoubtedly a Common
form on muddy sand flats in Chesapeake Bay, since it is known to be common in
shallow waters along the cpast from South Carolina to Cape Cod (Pra.tt, 1916, p.
290). Our collections were made by dredging in the comparatively deep parts of the
bay; and since it is seldom possible to catch this worm except by careful digging,
it is not surprising that only one specimen was obtained., This one, strange to say,
was collected in the beam trawl which contained in 'addition a large quantity of speci
lUens of various sorts. It was taken during the March-April cruise, 1921, at area A
off Cape Charles City where there was considerable black mud-in other words, in
one of the "deepholes" of the bay (43 meters). The salinity and temperature of
the water were 28.27 per mille and 11.5° C. .

Another tube-dwelling annelid that has been found along our Atlantic coast
from North Carolina to Cape Cod and which, as Treadwell has pointed out, is difficult
,to capture, is Ohaetopterus. It undoubtedly is fairly abundant in Chesapeake
Bay, for many fragments of tubes (one with a piece of the worm inside) were col
lected. These were all taken in the lower half of the bay from the mouth of the
Potomac River to the region of Cape Charles (areas Q, 0, 0, B, A, E, F, and G). The
salinities and temperatures of the water in which the tubes were found ranged from
17.70 to 28.08 per mille and 10.1° C. to 24.8° C.

Streblospio benedicti has been reported by Webster (1886, p. 150) and by Webster
a.nd Benedict (1884, 'p. 728) from the shores of New Jersey and Maine. Our survey
has dredged it from the upper part of Chesapeake Bay, in sha.llow water only (10 to
22 meters). Webster has spoken of it as being abundant on Mytilus beds a.nd in
ditches to which the tide has access. The indications are, judging from these obser
vations and from the fact that this species was found as far north as Bloody Point
(areas V and W) in Chesapeake Bay, that it is at home in brackish water. The
salinities of the water in which the six specimens in our collection were found ranged
f;rom 10.08 to 17.27. per mille. They were dredged during the July and Ootober
cruises in water whose temperature was 20° C. to 23° C.

Two species of Scolecolepis (Scolecolepis viridis and S. tenuis) are known from
the Chesapeake. The former occuJ,'Sin large numbers within asmall area in certain
places (forexample, area V, which is. close to the mouth of the Severn River). This
!'lpecies is known fromqape Cod to New Jersey. Evidently it can live. in water of
low salinity, for all of the specimens collected by our survey came from water the
s&1inity of which was not more than 16.60 per mille. Specimens were especially
abundant at an area where the. salinity was as low as 9.16 per mille. Specimens were
Collected on the January and March-April, 1921, cruises when the water temperature
was as low as 1.3° C. Only a few small specimens of S. tenuis were collected, and
these oame from area B not very far from the mouth qf the bay (salinity 23.87 per
tniIle, temperature 20.0° C., October, 1920).

Large numbers of specimens of Polydora ligni were collected. Treadwell speaks
?f this species as being "the species repr~sented by, the largest number of individuals
In the coll~ction." Many Qf the specimens were la:r:val forms, however, and even the
adults did not seem to be sexually mature. The larval forms were. found distributed
all Over the bay, but those which h~d reacheQ. the adult form seemed to berest:r:icted
to the lower half,
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One specimen was collected of a species of Polydora, probably Andrews' Polydora
commensalis, since, although mutilated, it showed one of the distinguishing character
istics of that species. Furthermore, it was found in a region of shells, mud, and sand
where this species might occur. The specimen was collected well up in the bay at
area R' off the mouth of the Patuxent River. (Depth 7 meters, salinity 12.64 per
mille, temperature of water 23.9° 0., August, 1920, cruise.)

Treadwell describes a new species, Prinospio plumosa. A number of specimens
of this annelid were dredged during the August and October,1920, cruises (depths
from 8 to 48 meters) at areas R, R', L', M, N', H', and J. It will be seen that speci
mens were taken from the middle third of the bay-that is, from the mouth of the
Patuxent River to the mouth of the Rappahannock River in waters where the salini
ties and temperatures ranged from 15.39 to 25.21 per mille and 19.2° O. to 24.8° O.

Glycera americana, which has been reported iri various places from South Oarolina
to Oape Ood, was caught on one occasion only in Ohesapeake Bay. Two specimens
were taken at area B in the lower bay during the August, 1920, cruise. (Depth 12.8
meters, salinity 24.34 per mille, and temperature 25° 0.) Another species of Glycera,
G. dibranchiata, was more widely distributed, judging from our collections. It·was
fOlmd in the mouth of the bay and as far north as the mouth of the Patuxent River
at depths of 16 to 46 meters. The salinities and temperatures ranged from 16.60 to
31.74 per mille and 10.2° O. to 17.3° O.

Goniada oculata described by Treadwell from material collected on the coast of
Porto Rico was taken quite frequently in Ohesapeake Bay during the cruises of
August, October, December, 1920, and March-April, 1921. It was found at depths
from 11 to 46 meters where the salinity and temperature of the water ranged from
15.00 to 23.87 per mille and 10.10 O. to 24.8°0. One specimen (the above data do
not refer to it) was taken on the 40-fathom line just outside of the bay and the rest
from areas distributed from James Island to the mouth; that is, the lower two-thirds
of the bay.

Another widely distributed annelid in Ohesapeake Bay is Pectinaria gouldii-an
annelid that lives in a tube of conical shape. It was brought up from areas Z, S, N',
J, I, Q, and D, which are fairly well distributed from the mouth of the Magothy
River to the region of Oape Oharles Oity, not far from the mouth of the bay. It was
taken at depths from 8 to 44 meters where the salinities and temperatures of the water
were from 8.89 to 21.83 per mille and 7.50 O. to 24.80 O. The specimens were col
lected during the July, August, October, December, 1920, and the March-April,
1921, cruises. '

Maldane elongata, which makes tubes of mud and which has been reported from
muddy and sandy regions along our coast, was found in the mouth of the bay (area
G) where the bottom was black mud and sand. It was brought up from a depth of 23
meters. The salinity and temperature of the water were 30.96 per mille and 11.60 Of

Praxiothea torquata was taken on several occasions in Ohesapeake Bay, but all of
the specimens collected were found in the mouth of the bay and the adjacent regions.
They were colle.cted from depths of 11 to 42 meters where the salinities and tem
peratures of the water ranged from 23.87 to.30.96 per mille and 10.90 O. to 25.00 C.

Three species, Eupomatus dianthus, Terebella ornata, and Loimia turgida, were
collected in very small numbers and only from the lower part of the \bay. The first
is one of the serpulids which is known to be very common from Florida to Oape Ood.
It was found on a rocky bottom at 13 meters. (Salinity 18.47 per mille and :temper..;
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ature of water 23.2 0 0., July, 1920, cruise.) The second, which is known from Cape
Cod to North Carolina, was represented only by immature forms. The third, which
was described by Andrews from Beaufort, N. C., came from a depth of 28 meters
where the bottom was a mixture of clay, shells, sand, and mud. (Salinity (1) and
temperature of the water 10.1 0 C., December, 1920, cruise.)

The annelid collection as well as the data on salinity, temperature, depth, char
acter of the bottom, seasonal distribution, and distribution from the head of Chesa
peake Bay to its mouth, deal with the deeper portions of that body of water, which
naturally were the only regions that could be visited by the U. S. S. Fishhawk and the
U. S. S. Albatro8s. The shore which includes the more or less steep strip between
high and low tide, the sand flats, the mud flats, the quiet bays, etc., remain to be
investigated;

It seems probable that the character of the bottom for some burrowing and tube
forming annelids is important-at least regions where there is deep, soft, foul mud are
unfavorable habitats for nearly alL of the polychaetous annelids. Some places on
the bottom of the bay are covered with such deposits; and, in general, the deeper
Parts of the bay show a layer of firm mud of varying thickness. It is of interest to
note that the only two really common annelids taken in the bay, Nereis limbata and
Polydora ligni, are known to live in muddy regions, the former frequenting foul and
brackish waters and the latter making use of .mud in constructing its fragile tubes.
Both of these species showed a wide distribution' over the areas visited on our cruises.
On the other hand, there are regions of sand here and there all over the bay, so that
if the presence of these sandy places is all that is necessary for the life of worms that
make tubes of grains of sand, such annelids might be found widely distributed over
the bay.
. It is known that many annelids live on the organic matter which is found in the
~,,,,p.d or mud in which they burrow (M'Intosh, 1885, p. ix), as in the case of Arenicola
marina (Flattely and Walton, 1922, p. 192, from Davison, 1891), that others such as
Oirratulu8 tentaculatus (Flattely, 1916) while living buried in sandy mud do not pass •
it through the alimentary canal but select nutritive food particles-for example, algal
spores, diatoms, and general organic debris outside of the body. Also it is known,
Mcording to Flattely (1922, p. 192), that tube worms such as Sabella, Pectinaria,
$~bellaria, Serpula, etc., depend for their food on currents set up by the cilia on the
~\ll filt;tments. Still others devour small crustaceans, zoophytes, and sponges; and a
~~w, according to M'Intosh (1885, p. ix), feed on Fuci.and other algre. Such a variety
of feeding habits must be a factor in the distribution of the polychaetous annelids ,in
Chesapeake Bay, although our data are not of a character to throw much light on such
l,l>:relation. Shore, sand-flat, and mud-flat observations should be ideal for studying
'''1a problem of that sort.
" There are forms which stick to the underside of rocks and inside of shells, or hide
~~,.rocks and crevices, or conceal themselves between ascidians, barnacles, roots,
Q~mties of sponges, etc., such as species of Lepidonotus, Harmothoe, and others
(Verrill and Smith, 1873, p. 397).

11 Also some annelids, such as species of Sabellaria, Serpula, Sabella and Spirorbis,
ffirm tubes which are attached ordinarily to rocks, stones, shells, etc~ (Verrill and
Smith, 1873, pp. 321-323). Habits of this sort which depend on the presence of large
ll:l.ore or less stationary bottom materials must also have an effect on distribution.

:, 'N'o close relationship of distribution to temperature can be made out, although
~he data show that many of the species are t\.ble to live in water of a wide range of
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temperatures. However, the large majority of the forms collected seem to be more
southern fonns.

It is evident, also, that many of the species of annelids are distributed through
waters of widely differing salinities, as eXllimples, Nereis limbata, Goniada oculata,
Pectinaria gouldii, and others. .

Undoubtedly some of the annelids collected were living in situations which were
not well suited to them, since the currents during fall andspring tend to carry plankton,
including worm larvre, far up in the bay. Under those conditions a worm which lives
at its best in water of a high salinity might have its larvre carried to regions of low
salinity where they would settle down and continue to live, although under unfavorable
conditions.

Only one species representing the Hirudinea has been taken in our collections,
and this one has been identified through the courtesy of Dr. J. Percy Moore, as the
fish-leech, Piscicola punctata (Verrill).

ARTHROPODA
CRUSTACEA

COPEPODA

The free-swimming copepods of Chesapeake Bay and the region immediately
outside the bay have been studied by C. B. Wilson. He has made the identifications
and has studied the distribution of the various species.

The results of his work show very clearly that· only two or three species were
present in sufficient numbers in the bay during our cruises to be of much econoniic
value; that of these, 2 species, Acartia clausii and A. longiremis, were distributed over
the whole bay from the region of Baltimore to the mouth of the bay throughout the
year; that 10 species at least, including especially the 2 just mentioned, must have
been able to accommodate themselves to a large range of salinities, since they were

~ found all over the bay in addition to the ocean; and that there were 19 species caught
outside of the bay between the IOO-fathom line and the mouth, which were not dis
covered in our very numerous towings made throughout the year in the bay. The
absence of these 19 species, which for the large part have been found outside of ,such
bodies of water as Chesapeake Bay in other parts of the world, may be ascribed to th~

low salinity existing in the bay; but it is not possible at the present time to establish
suchan assumption absolutely as a fact, since our towings outside of the ba)'" wete
made only during the August, 1920, cruise. Furthermore, there are numerous· other
factors, such as presence or lack of the proper kind of food, associations with other
forms-for example, Sapphirina gemma, which is a commensal in SaIpa, light, depth·,
temperature, etc.-which might have to be taken into consideration. ..

Wilson's studies have brought to light the following species from Chesapeake Bay
and the region just outside of the capes. He has divided them into groups accorditllt
to their distribution.

UNIVERSAL IN BAY AND OUTSIDE

Acartia clauBii Giesbrecht, A. longire'!'tis (Lilljeborg), Centropagcs hamatus (Lilljeborg), C;
tVpiCU8 Krpyer, *Harpacticus gracilis Claus, Oithonabrevicornis Giesbrecht, O. similis Claus, Pard·
calanus parvus (Claus), Pseudocalanu8 elongatus (Boeck), Pseudodiaptomus coronatuB WillialDs, and
*M icrothaleBtris littoralis G. O. Sars (the last species is pronouncedly littoral and was not found III
the collections made outside). Two other species, Labidocera 4eBtiva Wheeler Il.nd !Jctin08()ma cur·
ti«Jrne Boeck, were almost universally distributeq.
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CONFINEDALMOS'.1.' TO INNER' BAY

[North of Maryland lind Virginia' line)

*(!anuella elongata Wilson, *Cletodeslongicaudatus (Boeck), *Dactylopusia brevicornis (Claus),
Ectinosoma normani T. and A. Scott, Harpacticus littoralisG. O. Sars, *Robertsonia chesapeakensis
Wilson, *Tachidius littoralis Poppe, Eurytemora americana Williams, E. hirundoides (Nordquist),
and *M esocyclops gracilis (Lilljeborg). Three other species,. *Hemicyclops americanus Wilson,
Candacia armata Boeck, and *Bomolochus eminen,s Wilson occurred in very small numbers at one or
two areas. .

CONFINED ALMOST TO OUTER BAr

[South of Maryland and Virginia line)

AUeutha depressa Baird, Calanus finmarchicus (Gunnerus), Corycaeus carinatus Giesbrecht,C.
elongatus Claus, *C. venustus Dana, *Cryptopontius gracilis Wilson, *Oithona spinirostris Claus,
Oncaea minuta Giesbrecht, *Labidocera wollastoni (Lubbock), Pontella meadii Wheeler, Temora
longicornis (MUller), *T. turbinata (Dana), Tisbe furcata (Baird), Microsetella norvegica (Boeck),
Harpacticus chelifer (0. F. MUller), and Diosaccus tenuicornis (Claus). In addition the following
species, in very small numbers, were found at one or two areas: *Temora discaudala Giesbrecht,
Pontella pennata Wilson, and Caligus scMstonyx Wilson.

FOUND ONLY OUTSIDE OF THE BAY

[Between tho t'lIpes and the lOO·fllthom line]

*Amallophora brevicornis G. O. Sars, Anomalocera patersoni Templeton, *Calanus helgolandicus
(Claus), Centropages bradyi Wheeler, Euchaeta norvegica Boeck, Mecynocera clausii 1. C. Thompson,
Metridia lucens Boeck, *Pontella atlantica (Milne Edwards), Rhincalanus nasutus Giesbrecht,
Clytemnestra rostrata (Brady), Macrosetella gracilis (Dana), *Corycaeus lubbockii Giesbrecht, *C.
speciosus Dana, Oithona plumifera Baird, Oncaea venusta Philippi, Sapphirina gemma Dana, and *S,
sinuicauda Brady, Corycaeus robustus Giesbrecht, C. rostratus Claus.

These lists total 64 species: 13 universal, or almost so, over the bay; 13 almost
confined to the inner bay i 19 almost confined to the outer bay; and 19 outside of the
bay only. Not less than 19 of the 26 species listed under" universal" a~d "innE)l' bay"
occur in such bodies of water as Chesapeake Bay or at least frequent coastal water!,
in other parts of the world, and these 19 do not include the new species and the
species whose distribution is very little kllOwn. Of those listed under ~I outer bay';
(19) a much smaller number (6) are characteristic of estuaries in other regions, ~hile
those listed for" outside of the bay" (19) include not more than 3 or 4sp~cieswhich
are'recorded as being estuarine forms. In other words, tllenumber of estuarine
fqrms found during our cruises decreases, passing from ~he inner bay to the region
01,ltside. of the ca-pes. On the whole, from this po~nt p£ view~ the distrilmtion of the
free-swimllling cop'epod!! fC,mndby us in Chesapeake Bay and the regionimme4ill<t~ly

outside of the ba.y is, J.I1;uch liketha~ o~ the 8l1me copepods in other parts ()f. th~ :woi-l9-.
, 1'wenty-two of the species listed above (those with an asterisk) ar.e eit~er n~w

species (named and described by Wilson bu~ stiij.unpublished) ()r those whic~',bav~

llQt, beell repo17tEld hitherto {rpm the eastern coast of :N,orth Americlle. '.':
There.are inc.ludedin the completelist 1 species, Bomolochu8 eminens"whichIs

known to occur parasitically iQ the gill cavity qf the false Spanish sardine, OlurpanQdon,
PtiJeudohisp(Lnic'/1.8t 1 species, Setpphirinagemma, caught free-swimming but kp.QWn to
be aCQmmensa} in 8alpa,' 1speciel:>, S. sinuicauda, 111so caught free.,.swimming :but
proba.bly :a:commensal in 8Q;II~ai, .lspecics, Oali{}'/1.8shistonyx, an external parasite on;
the. menha-den, BrevoOrlia tyrannus; and 1 species, Mesocyclops gracilis which is a.
f;l'E}!lh-water form. .,';. ,
, ' Most ()f th~ cOPdpodscaught iQ Cb;esapcl1ke :Bay hlLve been presentin s~cb sm~\
numbers that any extended discussion of their ecology is not permissible i but one
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species especially, Acartia clausii, which Wilson has singled. out as of much biological
and economic importance in the bay, owing to its abundance at times and constant
presence during our cruises, deserves some attention. The catches of this copepod
have been studied by Wilson, and his findings bear out the statements of Farran
(1910, p. 77), Willey (1920, p. 201 and 1921, p. 187), and Bigelow (1926, p. 171) with
respect to the neritic character of this species. Its occurrence in Chesapeake Bay
during the cruises of July, August, October, December, 1920, and January, March
April, and May-June, 1921, in rather large numbers at practically all areas, the pres
ence of egg-bearing females and larval stages at certain times, the high percentage of
this species in the copepod catches, and its comparative scarcity in oceanic waters
indicate that this form is one of the shallower, neritic waters and that it is endemic in
Chesapeake Bay.

This form has been found along our coasts as far north as the Arctic Circle by
Willey (1920, p. 20 K), in the St. Lawrence River 90 miles from Quebec by Herdman,
Thompson, and Scott (1898, p. 76), in the Gulf of St. Lawrence by Scott (1907, p. 49),
in Narragansett Bay by Williams (1906, p. 648), in the Gulf of Maine by Bigelow
(1926, p. 171), in Woods Hole by Fish (1925, p. 145), and by our survey in and imme
diately outside of Chesapeake Bay. The data are not sufficient as yet to tell whether
it belongs primarily to the northern or southern regions of our Atlantic coast. Bige
low's cruises from Cape Cod to Chesapeake Bay in 1913 and 1916 did not bring it
to light, but it was found in small numbers outside of the mouth of Chesapeake Bay
on our August, 1920, cruise and at the same time much more abundantly at nearly
all of the areas in Chesapeake Bay.

Wilson, from an examination of the females of Acartia clausii (and A. longiremis
as well) found that during the July, 1920, cruise these forms were carrying eggs, and
that the same was true on the January, 1921, cruise. This indicates, as he states,
that there are two breeding seasons for these species in Chesapeake Bay-one during
the summer and the other in the late winter. Correlated with these two breeding
seasons one would expect maximum numbers of individuals to appear some time
after. Judging from the catches made during the March-April, 1921, cruise, con
spicuously large numbers occurred at that time, since the counts at several of the
areas visited were very much higher than those of any other cruises. It should be
mentioned, however, that towings were ma'de only in the upper part of the bay-areas
R, R', S, T, V, W, Y, and Z-on that cruise. The indications are that the March
April cruise was taken at a time which was close to the spring maximum. It is more
difficult to detect a well-defined autumnal increase corresponding, to the summer
breeding season from a study of the catches, but there was undoubtedly a genera]
increase in numbers during the October, December, 1920, and January, 1921, cruises,
so that the seasonal abundance in the upper part of Chesapeake.Bay at least cor
responds rather closely to the seasonal occurrence found by Fish (1925, 'p. 145) at
Woods Hole during the period from June, 1922, to May, 1923. The counts made of
the catches of the summer cruises were the lowest of the year.

Little can be said of the vertical distribution of Acartia clausii in the bay, owing
to the methods employed in making the towings, but it is clear that large numbers
of this species may occur at the surface in the daytime; and it isprobable,as Wilson
states, that they may be distributed in various proportions from the surface to the
bottom. Bigelow (1926, p. 175) has found this species more abundant at the surface
at times but also repeatedly more plentiful at some deeper level in the Gulf of Maine.
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Acartia clausii has been recognized in Europe as a form which is able to flourish
in abundance in water of low salinity such as is found in the Belt Sea, where the aver
age of 8 stations was 18.42 per mille, and in the mouth of the English Channel, where
the average for 17 stations was 30.20 per mille (Farran, 1910, p. 77). One can not
escape the conclusions thatthis'copepod, as is shown by Wilson, ma'y be found abun
dantly and in good condition in waters of even much lower salinity in Chesapeake
Bay. As examples, the bottom net showed the following counts in round numbers
during the March-April, 1921, cruise: Area Z,75,000 (salinity <12.42 per mille);
V, 17,500 (salinity <9.17 per mille); T, 15,000 (salinity <11.51 per mille); S,60,000
(salinity <16.19 per mille); R', 2,900 (salinity <11.85 per mille); and R, 1,400
(salinity <16.61 per mille). The specimens captured in the upper bay during this
cruise can not be considered as only immigrants which had drifted in with the autum
nal and winter currents, for individuals were found at those same areas, although in
smaller numbers, on all the other cruises. In addition, they were found at all areas
visited, and these were very numerous and widely distributed. Acartia clausii was
practically universal in occurrence over the bay and on all the cruises with the pos
sible exception of the one made in March-April, 1921. Even on this cruise the same
would hold true, for the upper part of the bay (areas R, R', S, T, V, and Z) and very
probably for the whole bay. Our data do not show higher surface counts for Acartia
clausii in the region of the mouths of rivers; nor can it be said that there were larger
numbers on one side of the bay than the other, corresponding possibly to a difference
in the degree of salinity. The data for the bottom samples are not suitable for such
a comparison.

The European records (Giesbrecht, 1892, p. 776; Scott, 1894, p. 68; Sars, 1903,
p. 151, and Farran, 1910, p. 77) show that Acartia clausii is distributed in the ·cold
and the warm water regions. While specimens of this species are found most abun
dantly in Chesapeake Bay during the colder months, considerable numbers are
present at other times, and the records show that they may occur in waters which
range in temperature from at least 4° C. to 27° C.

CIRRIPEDIA

Two species of barnacles have been brought to light from the offshore waters
of Chesapeake Bay: Balanus improvisus Darwin and B. eburneus Gould. All of the
specimens collected during the cruises of August, October, December, 1920, and
January, 1921, were identified by Dr. H. A. Pilsbry at the request of the United States
National Museum.

The first species, Balanus improvisus, was taken by far the most frequently and
was found distributed from the mouth of the bay to as far north as.area S off James
Island. It was collected from the following areas: 0, 0', F, 0, D, A, Q, 0, M, and
N'. At the latter area, which is in the mouth of the Potomac River, the specimen
obtained was living in water of a salinity that was not more than 13.96 per mille,
while specimens at area G (in the mouth of the bay) were in water whose salinity was
not more than 31.74 per mille. .

This form is given a wide distribution both by Darwin (1854) and by Gruvel
(1905). The latter describes its distribution as along the English Channel, the
coasts of France, Patagonia, Colombia, in the Rio de la Plata, and along'[the coastof
the United States. It has also been reported from Nova Scotia. Sumner, Osburn,
and Cole (1913, p. 130) point out that definite localities for its occurrence in the
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United States have not been mentioned by the authors and express the belief that
it occurs at Woods Hole. The indications are that this barnacle is a southern form.

Ordinarily, Balanus improvisus has been found attached to floating wood, shells,
etc. In the Chesapeake it has been taken at areas where the depths ranged from 10
to 46 meters; and in other parts of the world, according tb Gruvel (1905, p. 231), it
has been found from the level of low tide to 35 or 40 meters.

Judging from the literature, Balanus improvisus is not commonly found along
the coast of the United States, but it seems quite probable that further investigation
will show it to be much more abundant than the records indicate at the present time..

Balanus eburneus is a species which is generally recognized as a brackish-water
form. It was originally described by Gould (1841) from Salem, Mass., and is known
to occur in other places along the coast of the United States. According to Gruvel
(1905, p. 234) it has been found on the coast of Honduras, Venezuela, Jamaica, and
Trinidad. In Chesapeake Bay it was collected near the mouth of the Potomac
River at areas Qand 0 where the bottom salinity was 20.58 and 20.91 per mille, respec
tively. The depths at these areas were 15 and 8 meters. This species seems to be a
southern form.

It is evident from our records that barnacles occur well up in Chesapeake Bay,
but shore collecting undertaken by the writer has shown that there is at least one
species still unidentified which is quite abundant on piles and other objects and that
it flourishes as far up Chesapeake Bay as the mouth of the Patapsco River and
probably farther. In this region the salinity may fall so low during the spring months
that the water is almost fresh.

AMPHIPODA

The species of amphipods which are listed below represent the catch made during
a single cruise, that of May, 1920. These have been identified by C. R. Shoemaker,
of the division of marine invertebrates of the National Museum. A considerable
a~nount of material collected on other cruises still awaits study so that undoubtedly
more species will come to light when this is done. However, it has been the experi
ence of those who undertook the survey of the Woods Hole region that in Buzzards
Bay, which is a body of water much like Chesapeake Bay, the collections of bottom
dwelling amphipods showed a paucity of species as ·compared with Vineyard Sound
(Sumner, Osburn, and Cole, 1913, p. 132).

The following isa list of the species: Monoculodes edwardsi Holmes, Stenothoe
cypris Holmes, Batea catharinensis Muller, Leptocheirus species (new), Ericthonius
brasiliensis (Dana), Oorophium cylindricum (Say), Oerapus tubularis Say, Paraca-
preZZa simplex Mayer and Oaprella acutifrons Latreille. .

But little can be said of the relation of distribution to salinity, temperature,
depth,season, or latitude at this time. However, the new species of LeptocheiruB
was found off Sandy Point, Md., where the bottom salinity was 5.76 per mille, and
none of the rest of the species so far as we have records was taken at areas where the
bottom salinity exceeded 21.00 per mille. These low salinities are accounted for by
the bct that all of the specimens collected came from areas where the depths did
not exceed 14 meters-in other words, from shallow water areas.

Monoculodes edwardsi was found at areas L'and K' not far from the mouth of
the Potomac River. The bottom salinity at the first area was 13.09 per mille, and
at the last 9.42 per mille. This species, which was described by Holmes (1905, pA87)
from a specimen found at Woods Hole, Mass., was spoken of by him (1903, p.275)
as having a distribution from Cape Cod to Cape Hatteras.
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Another species described by Holmes from Woods Hole (1905, p. 484) is Stenothoe
cypris, which was found by him upon the piles and among seaweeds and which was
given a distribution like Monoculodesedwardsi (1903, p. 278). It was collected at
areas 0 and K, the former off New Point Comfort and the latter near the mouth of
the Potomac River. The bottom salinities at these two areas were 20.65 per mille,
and 13.09 per mille, respectively.

The amphipod Oorophium cylindricum, which lives in soft tubes btit may be free
(Holmes, 1905, p. 522) and which has a distribution from Cape Cod to Cape Hatteras,
according to Holmes (1903, p. 288), was found 'at areas Band 0 between Cape Oharles
City and New Point Comfort (bottom salinity for area 0, 20.65 per mille). Mary J.
Rathbun (1905; p. 75) found it "very abundant among weeds and hydroids about
piles of wharves and almost everywhere in shallow water, to a depth of 30 fathoms."

Oerapus tubularis is another amphipod of this coast distributed, according to
Holmes (1903, p. 288), from Cape Cod to Cape Hatteras. This int.eresting am
phipod lives in a black, cylindrical tube which it carries around with it, according to
Smith (1880, pp. 274-276). The specimens from which the identification was made
were found at area B, between New Point Comfort and Cape Charles Ci,ty. The
bottom salinity for this area during the cruise is not known, but the salinity for a
nearby area (0) where the depth was about the same was 20.65 per mille.

A South Atlantic species described by Fritz MUller from the coast of Brazil
is in our collection. It is Batea catharinensis. Specimens were taken at the two areas
Band 0 in the same region as the last species and in water where the bottom salinity
was 20.65 per mille for area 0 and probably very nearly the same for area B. Re
cently C. R. Shoemaker (1926, p. 1), after studying the complete collection of Chesa
peake amphipods taken from 1915 to 1921, found that "this genus was common
in almost every part of the bay."

In addition to this southern species, a widely distributed form, Erichthonius
brasiliensis (Dana),occurs in the bay. The individuals of this species occupy tubes
affixed to .hydroids and algre. According to Stebbing (1906, p. 672), the species is
found in the "Atlantic with adjoining seas (Europe from south and west Norway
(depth 19-75 meters) to Adriatic and Bosphorous; Rio Janeiro; Vineyard Sound);
North Pacific (San Francisco, depth 4 meters)."

The specimens collected in Chesapeake Bay during the May cruise were found
at area 0 (depth, 13 meters; bottom salinity, 20.65 per mille).

Another widely distributed amphipod which occurs in Chesapeake Bay is
Oaprella acutifrons Latreille which, according to Mayer (1890, p. 56), was found there
long before the present survey, in August, 1879.

Finally, specimens of Paracaprella simplex Mayer were caught at areas Band 0
on the line between Cape Charles City and New Point Comfort. The depth at these
areas was 13 meters and the bottom salinity at area 0, 20.65 per mille.

The bottom salinities have been given for the areas at which specimens of amphi
pods were found; but it does not follow that all of the specimens were taken in waters
of the salinities given, since specimens are not always at the bottom. While many
live in the sand, under stones, and in crevices of sponges, ascidians, etc., and some
among hydroids and various water plants, they may at times be taken at or near the

.surface inChesapeake Bay, as our records show. Fish (1925) found a similar vertical
distribution at Woods Hole. The bottom salinities are of value in this connecti6n
however, since they give a satisfactory idea of the maximum salinity for the ar~a,
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so that specimens were probably living in water of lower salinity. No data are given
as to temperature, since the thermometers used during that cruise were not of the
reversing type which records bottom temperatures.

ISOPODA

As in the case of the amphipods, the species listed below were those taken on
the May cruise, 1920. They probably represent only part of the species which have
been collected in later cruises but which have not been studied. The list is as follows:
Aegathoa oculata (Say), Erichsonella attenuata (Harger), Edotea triloba (Say), Idothea
baltica (Pallas) and Edotea montosa (Stimpson).

The first species, Aegathoa oculata, is a parasitic form which is known from New
England to the West Indies (Richardson, 1905, p. 217) and which was found at
Crisfield, Md., years ago. We collected this form at area B, off Cape Charles City.
No fish were caught at this station, and the records do not indicate that the speci
men was attached to anything at the time of capture.

So far as records from various sources show, the isopod Erichsonella attenuata is
not widely distributed. It is known to frequent eelgrass along the coast of New
Jersey and Connecticut but, according to Harger (1878, p. 357), it has not been found
north of Cape Cod. The studies of Wallace (1919), Macdonald (1912), and Stimpson
(1853) do not show its occurrence along the Atlantic coast of Canada. During

. our May, 1920, cruise it was taken at area Z, not far from Baltimore. .The salinity
of the water in that region did not exceed 6.00 per Inille. As pointed out by Harger,
the known distribution of this form indicates that it is a southern· form.

Edotea triloba, another isopod which Harger (1880, p. 429) speaks of as a southern
form, since that time has been found very abundant in the Bay of Fundy between low
tide mark and 15 fathoms (Wallace, 1919). It has been collected along the coast
from Maine to New Jersey in shallow water and was taken in Chesapeake Bay at
areas Gand O. The depths and bottom salinities at these areas were 24 meters, 25.77
per !nille, and 13 meters,20.65 per mille, respectively. Apparently it may be found on
almost any sort of bottom.

The cosmopolitan isopod, Idothea baltica, has been found along the Atlantic
coast of Canada and the United States as far south as North Carolina at least. In
Chesapeake Bay it was caught at areas A and B, not far from the mouth of the bay.
The depths at these areas were 13 meters and 40 meters; the salinities, 24.33 per mille
and 29.34 per mille (at 39 meters), respectively.

Another species of Edotea, E. montosa, which is considered by Wallace (1919, p.
26) as grading into E. triloba and E. Muta and which has been known heretofore from
Long Island Sound to the Bay of Fundy, was taken at area A under the same condi
tions as Idothea baltica. This species had been classed by Harger (1880, p. 429)
as a northern form.

SCHIZOPODA

The Schizopoda are represented in Chesapeake Bay by the well-known species
Neomysis americana (Smith), formerly called Jl.1ysis americana" and two other species
ODe Mysidopsis bigellowi Tattersall and another which will be designated as A1ysidop
sis sp. nov. until it has been studied and described by Doctor Tattersall. The last
two species are quite uncommon in our collections, but Neomysis americana was
taken on every cruise during the year (1920), and there is much evidence to indicate
that it is endemic in Chesapeake Bay.
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While catches of Neomysis americana in tow nets can never give a very satis
factory idea of the numbers present in Chesapeake Bay during different times of the
year, since the individuals are not swarming in the water at all times but may be
hidden among water plants, etc., yet the catches in the bottom net (nonclosing),
which was attached to a small beam trawl and towed for 10 minutes, are of interest.
During the January cruise the numbers brought to the surface were large-for example
in round numbers, 1,000 at area F, 8,000 at area B, 5,500 at area Q, 7,000 at area J
and 40 at area R'. No bottom hltuls were made north of. area R', but the vertical nets
showed the presence of Neomysis as far north as area Woff Bloody Point. A similar
distribution was found when the March cruise was taken, but the numbers were
smaller. Very small catches (ordinarily less than 100 specimens) were obtained on
the May, July,.and August cruises except on one occasion at area G during the July
cruise, when 4,000 specimens were caught. A few specimens were captured on the
100-fathom line just <;>ff the mouth of the bay during the August cruise. The counts
were larger when the October and December cruises were taken than during the
summer.

In January and March, 1920, the specimens collected were mostly of large size,
but on the May cruise only small individuals were found. During the July, August,
October, and December cruises the towings brought to light somewhat larger speci
mens. On the January and March-April cruises (1921) mostly very large specimens
were caught, while on the May-June cruise (1921) the specimens were mostly small
again as during the cruises of about the same periods in 1920.

These size relations are in keeping with the observation of Fish (1925) for Woods
Hole, that Neomysis americana breeds in the winter. In fact, eggs and young and
large specimens with brood sacs were taken during the January, 1920, cruise. The
great majority of the specimens were large; only a few were small, and these were
evidently recently. hatched and immature. The conditions found on tbe March
oruise were similar to those just mentioned, but in the May catches the large individ
uals were scarce. Some of these, however, had brood sacs containing very young
larvre. In the July towings the large specimens so characteristic of the earlier months
of the year were not present, but on the other hand specimens of more than one-half
the size of those large specimens (probably the partly grown young of the earlier
months) made up the whole catch. Some of the specimens just mentioned had
brood sacs filled with eggs, and there were a few larvre present. During the October
cruise the conditions were much as in July-eggs and young larvre were found in the
brood sacs and there were some very young specimens free from the parent. The
material from the December cruise contained no individuals with eggs or with young,
although in a few specimens the remains of a brood sac could be seen. The cruises of
January, March-April, and May-June, 1921, showed the breeding conditions as on
the January, March, and May cruises of 1920.

These observations indicate thEm that breeding individuals are present through
out most of the year in Chesapeake Bay, a condition which was thought likely by
Smith (1879) when he studied Neomysis farther north.

It is evident from a study of large numbers of surface towings that Neomysis
does not ordinarily frequent the surface waters in Chesapeake Bay during the day
time, but there is evidence to show that it may appear there in large numbers when
the intensity of the light is low, even when there is a distinct stratification of the
water and there is a large'difference between the salinity of the surface and bottom
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layers. Only a few cases of this sort appear in our records, probably because towings
were seldom made late in the evening and never during the night. At area A, during
January, 1920, between 5' and 6 p. m., 250 specimens and 120 ,specimens were found
in the No.5 and No. 20 surface nets;at'areaF, during December, 1920, between 5
and 6 p.m., 1,380 specimens and 180 specimens were taken in the No. 1,8 and No.6
surface nets; and at area Q, during January, 1921, between 5 and 6 p. m., 2 specimens
·and 2 specimens were caught in the No. 18 and No.6 surface nets, respectively. On
one occasion specimens were captured at the surface early in the afternoon (2 to 3
p. m.), but the sea was rolling, and the sky was partly c10udyand foggy. This
occurred at area G, in October, 1920, and there were 7 specimens found in the No. 6
surface net.

It is evident from the records obtained by our survey and from.the distribution
found by other workers in more northern waters that Neomysis americana may live
in waters of a wide range of salinities and temperature. .

As a fish food this form is probably of considerable importance; for it has been
found in the stomachs of the ocellated flounder, the spotted flounder, the shad, the
mackerel, and sea herring, sometimes in great numbers. It is of interest that the
period of maximum abundance during the year 1920, according to our towings, was
in the early months of the year just before and at about the time when the migration
of anadromoHs fishes into the bay occurred.

STOMATOPODA

The common squilla, Ohloridella empusa (Say), formerly known as Squilla
empusa Say, has been found in Chesapeake Bay. In June, 1880, it was collected by
W. G. Taylor; in 1882 it was taken near Barren Island and also at stations 1075,
1076,1077, and 1058 by the U. S. S. Fish Hawk; in October, 1921, itwas found in the
Rappahannock River by W. C. Schroeder, and again by the same collector in May,
1922, on a trip from Crisfield to Cape Charles. During our cruises a ,specimen was
taken at area D in January, 1920. I am indebted for identification and other
information to the division of marine invertebrates of the National Museum.

In addition to the specimens mentioned above, which were identified by the United
States National Museum, other squillas were captured at areas L, L', H, H, X,and B
which undoubtedly are of the same species. They were collected during the cruises
of March, April, July, 1916, and March, 1922, from areas distributed from near Cape
ChaTlesCity, not far from the mouth of the bay, to area X"off Bloody Point. It is
evident from the distribution of this crustacean in Chesapeake Bay that it may live
in water of widely differing salinities-·approximately, according to our records,from
26.00 per mille or a little more to 16 ora little leI'S. Undoubtedly this form lives also
in water of a much higher salinity, for it is known to occur along the shores of the
open ocean.

Since Ohloridella empusa lives in other regions between the tide lines and in
shallow water and since itis a burrowing form, probably its distribution in ,Chesapeake
Bay is more extensive than our reeordsshow. .

CUMACEA

One Chesapeake species of Cumacea has. been identified by the United States
National M,:useum as probably Oxyurostylis smithi CaIman. This crustacean, for
which CaIman (1912, p. 676) made a new genus as well as species, is known from Casco
Bay, Me., to Calcassieu Pass, La. The fact that it is sometimes taken at the surface
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and that it has only a slightly calcified integument suggests to Calmnn that it is
adapted for a partly pelagic life. Fish (1925, p. 152) found it in the plankton in
greater numbers during the breeding season and most abundant usually after a storm.

Ten specimens were captured at area K, off the mouth of the Potomac River, in
May, 1920. It is not known at what depth they were taken; but the bay at that
area was 10 meters deep, and the bottom was of yellow sand. The salinity ranged
from 11.15 per mille at the surface to 13.09 per mille at the bottom.

DECAPODA

The Chesapeake survey is fortunate in having the aid of the United States
National Museum for the identification of the decapod crustacea. It is indebted to
the division of marine invertebrates of that institution, and especially to Dr. Mary J.
Rathbun and to Dr. Waldo L. Schmitt, who have generously studied, identified; and
listed the various decapods collected on our cruises.

It is important 1:.0 note that the lists given below not only include the specimens
taken by the Chesapeake survey but also those which have been collected from
Chesapeake Bay and vicinity during the last 50 years. These specimens have been
deposited in the United States National Museum and identified by its staff. Conse
quently, the material has been collected in various ways, such as by dredging, trawling,
and towing in the offshore waters, by seining near shore, by collecting along the tide
lines, by collecting in marshes, rivers, and creeks connected with Chesapeake Bay,
and by dredging, trawling, and towing immediately outside of the mouth of Chesapeake
Bay.

The three lists which follow deal with Chesapeake Bay only and are little more
than records of the names of species and the regions in which they have been found.
They are not intended to show the limits of distribution, since much of the material
is not the result of systematic collecting over the whole bay. The distribution of
species in Chesapeke Bay, so far as the author considers permissible from the data,
will be given in other lists.

Upper bay only (north oj the mouth oj the Potomac Ri1!er).-One species of decapod,
Pinnixa sayana Stimpson, was taken from the upper part of the bay and from no
other region. The records in this case show that it was collected only on two occa:.
sions. Since this species probably lives in the tubes of annelids and since no special
effort was made to find it, the data are insufficient to dl'aw any conclusions as to its
distribution.

Lower bay only.-Shrimps: Penaeus setijera (L), P. brasiliensis (Latr.) (probably), Trachy
penaeus constrictus (Stimpson), Parapcnacus constrictus (Stimpson), Hippolysmata wurdcmanni
(Gibbes), Crago packardi (Kingsley), Hippolyte pleuracantha (Stimpson). Porcellanids: EuceramuB
praelongus Stimpson. Thalassinids: Callianassa stimpsoni Smith, Upogebia ajJinis (Say). Hermit
Crabs: Paguruspollicaris Say, Clibanarius vittatus (Bose.). Crabs: Ovil-ipes ocellatus (Herbst),
Portunus gibbcsii, (Stimp.), Arcnacus cribrarius (Lamk.), Cancer irroratus Say, Ncopanopc texana
sa.yi (Smith), Panopcus herbstii Edw., Pinnothcres maculatus Say, Pinnothcrcs ostrcum Say, Pinnixia
cylindrica (Say), Pinnixia chactoptcrana Stimpson, Ocypoda albicansBosc., Uca pugilator (Bosc.),
Uca pugnax (Smith), Lib'inia emarginata Leach, and Pclia mutica (Gibbes).

Upper and lower bay.-Shrimps: Palacmonete8 carolinus Stimpson, P. vulgaris (Say), Crago
8eptemspinosus (Say). Hermit Crabs: Paguru8 longicarpus Say. Crabs: Callinectcs sapidus Rath
bun, Hexapanopeus angustijrons (Benedict and Rathbun), Rithropanopeus harrisii (Gould), E1{ry
Panopus dcpressus (Smith), Sesarma (Holometopus) cinereum (Bos.), Uca minax (LeConte), and
Libinia dubio. M. Edw.

1988--30--6
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The lists just given include those species which were found in the bay, while
the list which follows contains the species which have been collected outside, not far
from the mouth of the bay.

Outside only.-Shrimps: Pandalus leptocerus Smith, Caridion gordoni (Bate), Hippolyte acum
inata Dana, Latreutesfucorum (Fabr.), Spirontocaris pusiola (Krpyer), Spriontocaris polaris (Sabine),
Palaemon tenuicornis Say, Pontophilus brevirostris Smith. Galatheids: Munida iris A. M. Edw.
Hermit Crabs: Catapagurus gracilis Smith, C. sharreri M. Edw., Pagurus acadianus Benedict, P.
kroyeri (Stimp.), P. politus (Smith). Hippas: Emerita talpoidia (Say). Crabs: Homolo barbata
(Fabr.), Bathynectes superba Costa, Portunus (achelous) spinimanus (Latr.), Portunus sayi (Gibbes),
Cancer borealis Stimp., Sesarma (Sesarma) reticulatum (Say), Collodes robustus Smith, Euprognatha
rastellifera aclita A. M. E. (probably), E. rastellifera marthae Rathbun, Hyas coarctatus Leach.

A few specimens were collected both outside and in the lower bay.
Outside and lower bay.-'-Shrimps: Penaeus setifera (L.), P. brasiliensis (Latr.), Parapenaeus

constrictus (St,) , Crago septemspinosus (Say). Hermit Crabs: Pagurus longicarpus Say, Pagurus
pollicaris Say. Crabs: Ovalipes ocellatus (Herbst), Cancer irrorqtus Say, Neopanope texana sayi
(Smith), Panopeus herbstii Edw. (probably), Sesarma (Holometopus) cinereum (Bose.), Ocypoda
albicans Bosc., Uca pugilator (Bosc.), Uca pugnax (Smith), and Libinia errtarginata Leach.

The localities for two species, Ilepatus epheliticus (L.) and Oallinectes ornatus
Ordway, have not been determined.

A study of the lists just given shows that only 1 species was found exclusively
in the upper bay (its distribution may be more extensive) i that 11 were common to
both the upper and lower bay i that 27 were found exclusively in the lo~er bay i that
25 were taken only outside of the bay i and that the localities of 2 were not determined.
This makes a total of 66 species.

The lists below are designed to show the probable distribution of the decapods
(for which we have sufficient data) in the offshore waters of Chesapeake Bay i that
is, exclusive of the shallow water shore forms and the forms in rivers and creeks.
The conclusions arrived at are based on our systematic collections during cruises
covering a considerable period, checked to some extent by data from shore, river,
and creek collections which, however, have been of an unsystematic nature.

Our data do not afford evidence to show that there are any species of decapods
which are distributed exclusively in the offshore waters of the upper bay; that is,
above the mouth of the Potomac River.

Decapods of the offshore waters of upper and lower bay.-Palaemonetes carolinus Stimpson, P.
vulgaris (Say), Crago septemspinosus (Say), Pagurus longicarpus Say, Callinectes sapidus Rathbun,
Rithropanopeus harrisii (Gould), Eurypanopeus depressus (Smith), Hexapanopeus angustifr.flns
(Benedict and Rathbun), and Sesarma (Holometopus) cinereum (Bosc.).

Decapods of the offshore waters of lower bay only.-Peneus setifera (L), Trachypeneus constrictus
(Stimpson), Crago packardi (Kmgsley), Euceramus praelongus Stimpson, Pagurus pollicaris Say,
Ovalipes ocellatus (Herbst), Portunus gibbesii (Stimp.), Cancer irroratus Say, Neopanope texana sayi
(Smith), Panopeus herbstii Edw., and Libinia emarginata Leach.

Almost all of the 18 species of shrimps or shrimplike forms found in Chesapeake
Bay and the immediate vicinity have been found in such small numbers that no more
information concerning them can be given than that which appears above. Three
species, however, Palaemonetes carolinus, Palaemonetes vulgaris, and Crago septemspi
nosus, deserve more attention, since they have been collected more often in Chesapeake
Bay and since we have more data concerning the environmental conditions under
which they live. .

Palaemonetes carolinus, which is known to occur all along the eastern coast of
the United States (Kingsley, 1899), seems to be a shallow-water form, judging froIIl
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the data at hand and one which is more often taken along the region near the tide
lines. It has been.caught very seldom on our cruises, probably because these cruises
were confined to the offshore waters.

Three specimens only were taken-one at area Z in December, 1915 (depth, 17
meters), another at area I in January, 1921 (depth, 12 meters; salinity 13.19 per mille
at bottom; temperature, 3.40 C. at bottom), and a third at area V in March, 1921
(depth, 14 meters; salinity, 11.32 per mille at bottom; temperature, 9.6 0 C. at bot
tom). All of these specimens were captured on the winter and spring cruises and
none on the summer cruises. The same condition, we sh~ll see, holds true for Palae
monetes vulgaris, another shore form, but not for Orago septemspinosus, which frequents
deeper water. The United States National Museum has another lot of P. carolinus
consisting of a rather large number of specimens (over 289) evidently collected near
the shore by collectors not connected with our survey. All of these specimens with
the exception of two were taken during the summer months, and it might be inferred
that in the winter this species migrates into deeper water, but the absence from the
lot just mentioned of any specimens collected during the winter time may be due to
the fact that ordinarily collectors do not go on trips at that time of the year. While
the capture .of some specimens of P. carolinus during our winter and spring cruises
and our failure to find any specimens on the summer and fall cruised favora the plausi
ble assumption that there is migration of this form from the shallow, cold water to
the deep~r, warm water during the colder months and vice versa with the approach
of the warmer season, there is still insufficient evidence to establish it as a fact .

. It is clear from data collected by the United States National Museum that
Palaemonetes carolinus is found ordinarily in shallow water and that it flourishes in
water of very low salinity. Specimens have been collected at various places along
the western shore of Chesapeake Bay in Maryland and also well up in the rivers-for
example, at St. George Island, Lower Machodoc Creek, and Blakistone Island,which
are, respectively, 10, 20, and 25 miles up the Potomac River. Collections have been
made also at Island Creek, which is 12 miles up the Patuxent River.

Undoubtedly this species may be found along the shores and in the rivers of the
eastern shore of Chesapeake Bay, although none has been recorded from that region.
It has been collected, however, at Smiths Island, Northampton County, Va., prob
ably close to shore, just outside of the mouth of the bay, and there is good reason to
believe that it will be found close to shore and in the rivers of the lower part ofthe bay.

Little is known of the breeding habits of Palaemonetes carolinus except that 12
ovigerous specimens were collected 20 miles up the Potomac River, in Lower Macho
doc Creek, during July, 1919. Evidently, then, this species, like many others, breeds
during the summer. .
. Palaemonetes vulgaris, the commmon shrimp or prawn, occurs along the whole

eastern coast of the United States but is especially abundant in bays and estuaries
(Say, 1817). Lilre P. carolinus, it was taken infrequently on our cruises but some
what more often than that species. All of the adult specimens were caught at areas
located in the region between the mouth of the Potomac R.iver and the mouth of the
bay. However, the United States National Museum has specimens in their collection
which have been found in various places all over the bay from the region of Love
Point to Cape Charles City, but practically all of these specimens were collected in
shallow water near the shore. Neither our records nor those of the National Museum
show that P. vulgaris makes its way far into the rivers.
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As in the case of Palaemonetes carolinus, there are indications that P. mtlgaris
migrates into deeper water during the colder months; for all the specimens, with the
exception of two, collected during our cruises were taken during the colder months.

The two exceptions were ovigerous and were found at the shallow area 0 (8
meters) during the July cruise, 1920. The occurrence of these egg-bearing specimens
in July and the finding of the larvre of this form only during the July and August
cruises of 1920 show that the breeding season was during the summer months. On
those two cruises the larvre were found at areas covering practically the whole bay
(U, V, W, .Q,A, D, H', and R').

Crago septemspinosus, which has been known under the names Crangon septems
pino8us Say and C. vulgaris Smith, was by far the most common shrimp in our collec
tions during the years 1915, 1916, 1920, 1921, and 1922. It is known to frequent
deeper water than Palaemonetes vulgaris (Verrill, 1874, p. 45) and is called the" sand"
or "grey shrimp" because it is common on sandy bottoms. In the Chesapeake it
was collected from all the areas visited with the exception of U, which is not far from
Baltimore. Probably it is more abundant in the lower two-thirds of the bay, al
though like P. carolinus it has been found at St. George Island and Blakistone Island
10 and 25 miles, respectively, up the Potomac River, and in Island Creek, which is
about 10 miles upstream from the mouth of the Choptank River.

Ovigerous specimens of Crago septemspinosus were taken at all seasons of the year;
but they were caught most abundantly during the fall, winter, and spring cruises.
The summer cruises brought to light few ovigerous specimens. Juvenile individuals
were reported by Schmitt from our July, August, October, December, 1920, and our
March, 1921, cruises. At Woods Hole, Mass., Bumpus (1898) found Crangon breed
ing during March, and Thompson (1899) during September, while Fish (1925, p. 156)
reports "great numbers of adult females bearing eggs in Naragansett Bay" in the
month of May, 1922. Bumpus' statement that" * * * it would be interesting to
learn when this species is not pregnant," is well put.

Peneus setifera and P. brasiliensis, the two large shrimps of markets, have been
collected from the lower bay and from such rivers as the Rappahannock, but in small
numbers. Evidently they are more at home farther south along the coast.

All the rest of the shrimps collected were found outside only or, in a few cases, in
the lower part of the bay and in small numbers. The localities where they have been
taken are indicated in the lists given above. Three species, Hippolyte acuminata,
Latrutesfucorum, and Palaemon tenuicornis, were collected at the audace only.

The Galatheidea are represented in our collection by the single species Munida
iris A. M. Edw. Over 1,400 specimens have been collected off Chesapeake Bay by
various collectors and placed in the United States National Museum. The records
show that these were taken at depths varying from 78 to 328 meters. Evidently it is
a form 'of the deeper and more saline waters. It was never taken inside of the bay
during our cruises; but in August, 1920, when we visited several stations located along
a line extending from the mouth out to the 100-fathom line, 5 specimens were col
Iected-2 probably at 78 meters and 3 probably at 216 meters (I say "probably" be
cause a noncloiling net was used.)· The surface and bottom salinities at the 78-meter
station, which was only a short distance from the mouth, were 29.91 and 33.29per mille.
The temperatures were 24.1 0 C. and 8.5 0 C. This species must be very abundant in
places, for as many as 250 specimens have been collected at It single dredging station.

A rare species of the family Porcellanidre, namefy, Euceramu8 praelongu8 Stimp
son, was collected on three occasions: During October, 1915, off the Inner Middle
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Ground between Cape Charles and Cape Charles City; during December, 1915, at
area L, a little above the mouth of the Potomac River; and during July, 19J6,at area
G in the mouth of the bay. This species which is known to occur along the coast of
Carolina and Florida was found in waters of low salinity such as those of the region of
the mouth of the Potomac River and also of localities where the salinity was fairly
high, as at area G (surface 24.90, bottom 31.64 per mille).

Two burrowing forms, Oallianassa stimpsoni Smith and Upogebia ajfinis (Say),
were collected, the first at areas F and B and the last at .area G. None were found
above the extreme lower part of the bay and none where the bottom salinity was less
than 22.69 per mille. All were taken with a commercial dredge known as the" orange
peel bucket," which penetrates to a considerable depth. Other specimens have been
found along the shores of Virginia, according to the records of the United States
National Museum.

All but three of the eight species of hermit crabs in the collection have been
dredged outside of the bay only, in mther deep water off the coasts of Maryland and
Virginia. Two of the three species, Pagurus longicarpu8 Say and P. pollicaris Say,
have been found commonly in the lower bay and outside. The other species, Oli
banariu8 vittatus (Bosc), which is known to occur along the coast from North Carolina
southward, was not collected on our cruises and is represented in the National Museum
only by two specimens, both from Gunston, Va., far up in the Potomac River.

Paguruslongicarpus was collected from the following areas: E, F, G, A, D, 0, J,
I, and R. With the exception of three specimens collected at R and in the immediate
vicinity of that area, all of the 170 specimens were taken below the mouth of the
Potomac River. This form was found living in water the salinity of which varied
from 30.60 to 17.95 per mille, and the data show that it has been collected during
every season and during practically every month of the year. Not much can be
said of its breeding habits, but an ovigerous female was collected in October, 1915,
off'york Spit Light, in about the middle of the bay.

Pagurus pollicaris, the so-called "warty hermit crab," seems to have its distribu
tion in the offshore waters of Chesapeake Bay limited to the southernmost part.
It wa.s taken some twenty different times during our cruises but only at areas G',
E, G, F, A, and D, or localities in the near vicinity of those areas. It has been found
at all seasons of the year (January, March, April, June, July, October~ December),
and the occurrence of ovigerous females during the month of April indicates a spring
breeding season. ',Specimens have been found living in water the salinity of which
ranged from 18.91 to 30.96 per mille.

No hippas were collected during our cruises. This little crustacean is usually
found burrowing in sandy beaches or the shallow waters of sand flats. While our
failure to get any specimens does not necessarily indicate its absence from Chesa
peake Bay, the records of the National Museum support such a conclusion, since
they do not show that it has been collected along the shores of the bay. However,
outside of the bay at Virginia Beach, Va., specimens of the hippa, Emerita talpoida
(Say), have been collected, and they are now in the Museum's collection.

The best known, if not the most common, 'crab ithat is found in Chesapeake
Bay is the "edible crab" or "blue crab," Oallinectes' sapidus Rathbun, which is
fOl.lndalong almost the whole Atlantic coast of the United States. It frequents espe
cially the muddy bottoms of bays and estuaries. This crab was taken infrequently in
OUr offs~ore dr-edging and trawling in Chesapeake Bay, and most of the specimens
Which were captured were juveniles. However, on one occasion, a la.rge catch of
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Callinectes was made by us with the beam trawl: This occurred at area G', oft'
Old Point Comfort, where the depth measures about 28 meters. It was during
the December, 1920, cruise that the specimens were caught when the bottom water·
temperature was 10.1 0 C. The collection consisted ot 32 female and 15 male speci
mens, mostly of large size. All of them were inactive, owing, no doubt, to the low
temperature of the water (Churchill, 1919). In'the same haul of the beam trawl,
which as usual lasted for 10 minutes, 11 flounders and 26 croakers were captured.

Since Callinectes is known to occur all over the bay and even well up into the
rivers, it must be capable of living in waters of a great range of salinities.

The "mud crab" Neopanope texana sayi (Smith) has been taken in larger numbers
on our cruises than any crab found in the bay, but none have been collected north
of the mouth of the Potomac River. The specimens of this species which have
been deposited in the United States National Museum by other collectors came
from the lower bay, judging from the data where the localities are known definitely.
Our specimens have been found at areas A, B, 0, D, F, G, G', I, J, K, 0, and Q.
No specimens have been reported from the Potomac River, even at area M, N, and
N' in its mouth. The records of others show that this species is distributed from
Provincetown, Mass., southward and that it frequents muddy bottoms in bays
and sounds. The character of the bottom, the large numbers of specimens collected,
the occurence of ovigerous females and juvenile forms indicate that Chesapeake
Bay is an ideal locality for this mud crab.

Specimens have been found at all seasons of the year and during the July, 1920,
cruise ovigerous females have been captured. Undoubtedly summer is the breeding
season. During the cruises of the fall, winter, and spring, juveniles, probably develop
ing from eggs of the previous summer, have been collected; but on the summer
cruises according to our records they have not been fonnd.

The salinity and temperature records show that for 26 hauls the bottom salinity
ranged from 14.79 to 31.62 per mille and the bottom temperature from 4.2 0 C. to
25.2 0 C.

Rithropanopeus harrisii(Gould), which may De included under the"mud crabs"
and which was formerly classed under the genus Panopeus, was caught but once dur
ing the survey's cruises-namely, at the mouth of the Eastern Bay, where the depth
was 37 metel's and the bottom was soft, black mud. Undoubtedly, the occurrence
under such conditions was unusual. It has been collected frequently along the shores
of Chesapeake Bay, both in the upper and lower regions, and often in creeks and
rivers. Rathbun (1905) reports it from near the high-water mark under stones and
Gould (Rathbun, 1905), has found it in Cambridge marshes and clinging to floating
seaweed in the Charles River. The most abundant catches from Chesapeake Bay
deposited in the United States National Museum have come from tributary creeks
and rivers.

Specimens have been collected during all seasons of the year. Ovigerous oneS
have been found in June and September and juvenile forms in June, July, August,
and September.

Eurypanopeus depressus (Smith), another II mud crab," apparently lives out
farther from the shore, for it was taken in regions where the depth of water ranged
from 11 to 48 meters. Specimens were captured at areas K, P, and 1. Others were
found near area R and off the mouth of the Potomac River. Females bearing eggs
were captured in April and juvenile forms in April, October, and December.
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Hexapanopeus angustifrons (Benedict and Rathbun) is another common Hmud
crab" in the offshore waters of Chesapeake Bay. It has been' taken from regions
where the depth ranges from 8 to 48 meters. The indications are that it is not a
shore form, for the records of the United StatesNational Museum do not include any
specimens found on shore collecting trips. Rathbun (1905) speaks of its being found
on oyster grounds in Connecticut, and the same is undoubtedly true in the Chesa
peake.' It was brought up quite often from regions of shelly bottom during our
cruises. Forty hauls of dredges, nets, and trawls brought to light over 100 specimens
of this crab during the 1915, 1916, and 1920 cruises. They were taken at areas G,
G', A, 0, D, E, H, J, K, L, R, and S (close). None was caught farther up the
bay than the region of area S, which is along the line between Governors Run and
James Island.

We have no records of any being taken in rivers or creeks, ,but it is possible that
they may be found there, in the deeper waters especially, where there are oyster bars.

Hexapanopeus has been found ,in the bay during all seasons of the year. The
Water in which specimens were caught varied in temperature from about 4° C. to
about 25° C. The range of bottom salinities was from about 18.0p to almost 32.00
per mille. These figures are based on 19 hauls and 50 specimens.

Little is known concerning the breedtng habits of this species, but the collection
contains one ovigerous specimen caught at area E in July, 1920, and several juvenile
forms taken during the cruises of October, Dece.t:nber, 1915, and April, 1916.

The Pinnotheridae, which includes those small forms which live commensally
with various invertebrate animals, are well represented in Chesapeake Bay. Since
it was not feasible to make any special effort to collect these interesting little crabs,
the number of specimens is very small. Pinnotheres maculatus Say, the Hmussol
crab" (Rathbun, 1905) has been collected on two occasions, once off the mouth of the
Potomac River and once at area D. The female is known to live in the gill cavity of
the mussel, Mytilus edulis, and the male to lead a free-swimming existence. Also,
the female is known to frequent Pectentenuicostatus.

Pinnotheres ostreum (Say), which has similar habits to those of P; maculatus except
that it is a commensal in the oyster, probably is distributed over all those parts of
the bay where oysters are found. However, none was collected on our cruises, and
only a few specimens from Chesapeake Bay are in the United States National Museum.
Most of these came from the southern part of the bay.

Pinnixa cylindrica (Say), P. sayana Stimp.; and P.chaetopterana Stimp., which
are commensals of certain tubiculous annelids, were caught very seldom. P. cylindrica
Was captured once at area L, near the mouth of the Potomac River, in about 37 meterS
of water; P. sayana was found near the mouth of the Patuxent River-that is, at
area R and at a locality near that area where the water was 48 and 7 meters deep,
respectively; finally, P. chaetopterana was taken in 16 meters of water at area P,
which is in the mouth of the bay. One haul of the IIorange-peel bucket" in the latter
case brought up 5 males and 6 females. ,

Two species of the genus' Sesarma, Sesarma' cinereum (Bose) and'S. reticulatum
(Say), coming from Chesapeake Bay and vicinity, are in the collection of the United
States National Museum. Neither of these has been collected on our cruises, which
is not surprising, for they are shore or shallow-water forms. • S. cinereum, called the
'Iwood crab" and occurring Hunder logs and drift and about wharves, wooden piles,
etc." (Rathbun, 1900, p. 583), has been collected from severallocalities in the bay:
Near Thomas Point (between areas V and Z); Island Creek in the mouth of the
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Choptank River; Mobjack Bay; Hampton, Va.; and Lynnhaven Inlet near the
mouth of Chesapeake Bay. In addition it has been found on Smiths Island, North
ampton County, Va., which is just outside of the bay. Evidently this form, which,
it may be mentioned, has a known distribution from Cape Cod to Florida and along
the shores of the Gulf of Mexico, is a shallow-water form.

It has been collected in Chesapeake Bay during the months of June, July, August,
September, and December. Undoubtedly, it may be found there at other times.
Females carrying eggs have been found during the month of July.

Sesarma reticulatum (Say); which lives in burrows on salt marshes (Rathbun,
1905, p. 4) and which seems to be a better-known form than the previous species,
has not been reported from Chesapeake Bay up to the present time, although it seems
probable that it will be. However, one specimen has been taken just outside of the
bay at Smiths Island, Va.

Ocypoda albicans Bose., commonly known as the sand crab or ghost crab of sandy
shores, has made its way into the extreme southern part of the bay, and has been
caught by those collecting for the United States National Museum, at Buckroe
Beach, Willoughpy Point, Wallops Island, and near Fort Monroe, Va. That region
is probably near the northern limit for full-grown -specimens of Ocypoda. Only the
young have been found in New England, a<llording to Rathbun (1905) . Undoubtedly
Ocypoda albicans is a creature of the sandy shores of the open seas where the winters
are mild. The observations of others indicate that Ocypoda is not well fitted to
withstand freezing temperatures, so it seems probable that the low-winter tempera
ture of the north is the important factor in limiting its northern range.

Specimens have been collected in the lower bay and in the close vicinity of its
mouth during the months of May, August, and September. However, more sys
tematic collecting may show its presence there in the winter time.

So far as the records show, none of the 57 adult specimens collected from the bay
and the immediate vicinity was ovigerous.

The fiddler crabs are represented by three species in Chesapeake Bay: Uca minax
(LeConte), U. pugilator (Bose.), and U. pugnax (Smith). These shore crabs have a
known distribution from Cape Cod to Florida and then along the shores of the Gulf
of Mexico. Uca minax, which has been found in salt marshes and also in regions
where the water is nearly fresh (Rathbun, 1905, p. 2), has been collected farther up
in Chesapeake Bay than any of :the other species. Specimens have been caught at
Chesapeake Beach,Md., which is abovt as far up the bay as the line made by areas
V, W, and X. Other specimens have been found along Mobjack Bay, Buckroe
Beach, and Lynnhaven Inlet, all of whi?h localities are in the southern part of the bay.
None is recorded as from outside of the bay. Further investigation, probably, will
show that it has made its way up the shores of the rivers. One ovigerous specimen
.was found during the month of July. ,

. The other two species of fiddler crabs, Uca pugnax and U. pugilator, have heen
collected in the lower part of the bay and outside only. An ovigerous specimen of
U. pugilator was found during the month of July. The known distribution of these
forms outside of Chesapeake Bay is the same as that for U. minax (Rathbun, 1900).

Six species and one subspecies' of spider crabs are listed from Chesapeake Bay
and the immediate vicinity. Four of these-Oollodes robustus Smith, Euprognatha
rastellifera acuta A. M. E. (probably), Euprognatha rastellifera marthae Rathbun, and
Hyas coarctatus Leach-are deep-water forms which have been dredged near the mouth
in the open ocean.
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Oollodes robustus Smith was dredged in water from 102 to 328 meters, but in
other regions ithas been found at from 90 to 683 meters (Rathbun, 1925, p. 119). Its
known distribution is from Massachusetts to North Carolina, and it has been found
during all seasons of the year. Ovigerous specimens have been caught off Virginia
in March and off Massachusetts in August and September.

Rathbun's subspecies marthre of El1,prognatha rastellifera A. M. E. has been
dredged off Chesapeake Bay in water varying in depth from 105 to 306 meters, but
farther north it has been found in water from 81 to 419 meters deep. It has been
collected at all seasons of the year, but only one specimen, according to the records
published by Rathbun (1925, p. 98), was found with eggs. This individual was
collected in July off Marthas Vineyard in exceptionally shallow water (81 meters)
for that species.

Euprognatha rastellifera acuta A. M. Eo, which is the more southern subspecies
(Habana, Porto Rico) but which has been found as far north as near Marthas Vine
yard, is probably represented in 0\11' collection by one juvenile specimen. This was
taken off the mouth of the bay in 102 meters of water.

Hyas coarctatu8 Leach, which is commonly called the toad crab, has been dredged
along the Atlantic coast of North America from Newfoundland to North Carolina.
The records of Rathbun (1925, p. 260) show that it occurs in water ranging from 9 to
about 350 meters. It has not been found in the bay, but a few specimens have been
taken off of the coast of Virginia.

The so-called common spider crab, Libinia emarginata Leach, occurs in Chesa
peake Bay, but it has been brought to light only by dredging in water ranging from
7 to 46 meters. All of the specimens collected were from the extreme sout~ern part
of the bay where the salinities near the bottom ran from about 21.00 to 31.00 per mille,
and the water temperatures from 8.80 C. to 21.9 0 C. It was caught several times at
areas G, G', and A. A few specimens have been found also in Hampton Roads and
off the Inner Middle Ground. There is one specimen in the Chesapeake collection of
the United States N ~tional Museum which came from outside of the bay, off Virginia
Beach. Libinia ernal'ginata has been dredged during all seasons of the year, but the
records show no ovigerous individuals. Most of the specimens are in the juvenile
condition. Rathbun (1925, pp. 31F-313, pp. 314-317) records its distribution along
the Atlantic coast of North America from Nova Scotia to West Florida, and she finds
it occurring on all sorts of bottoms in comparatively shallow water.

Another spider era.!>, Libinia dubia M. Edw., is much more widely distributed
Over Chesltpeake BltY than the former species, and appal-entty in some localities at
least it lives in shallower water (Rathbun, 1925, p'. 318). It has been collected at
areas A, D, E, Fl, and Y, the latter a~ea beiI~g off Love Point, not far from Baltimore.
In addition it has been taken in the following localities: Hampton Roads, Norfolk,
Chincoteague,Tangier in Virginia,and off the mouth of the Rappahannock River,
off York Spit, Thomas Point, and Tilghman Island. Apparently L. dubia is more
at home iIi Chesapeake Bay than any other.spider crab, but we have no records of
its occurrence in the rivers. Possibly the lack of specimens from such localities is
due to the fact that ve'rylittle dredging has been undertaken in the rivers; although
we are not' accustomed to think of spider crabs as frequenting water of very low
salinity. While L.dubia is knowl'1 to Tange along the Atlantic coast from Cape Cod
down into the Gulf ofMe:xico, no specimens have been reported outside, in the l'egion
of Chesapeake Bay. Undoubtedly this form may live in wnter of low salinity, for
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it has been found as far north as Y, where the salinity at the bottom is often not more
than 16.00 to 17.00 per mille. Nearly all of the 29 specimens constituting the Chesa
peake collection in the National Museum are juvenile forms, as in the case of L.
marginata. No ovigerous specimens were collected. The records show that speci
mens of L. dubia have been found in the bay at all seasons of the year. We have
temperature records taken near the bottom for the areas at which this form was
collected. They range from 7.9 0 C. to 24.40 C.

Finally, there is the spider crab, Pelia mutica (Glbbes), which has been collected
along the Eastern Shore in Tangier Sound and a few other localities. Specimens of
this form were collected by U. S. S. Fish Hawk in June, 1891, but none has been
taken on the Chesapeake survey cruises during 1915, 1916, 1920, 1921, and 1922.
It should be mentioned, however, that'Tangier Sound was not visited at regular
intervals during these cruises. P. mutica is known to frequent bays and sounds.
(Rathbun, 1925, p. 279.)

It is clear that some of the crustacea collected from Chesapeake Bay and vicinity
have been found exclusively outside of the bay, where the salinity is high, that some
have been found exclusively in the bay, where the salinity is much lower. But our
data show that others occur in both regions, even though the range of salinities is very
great. Furthermore, there is good reason for believing that some crustacea migrate
from one end of the bay to the other at certain times of the year. So it seems prob
able that some crustacea can survive a great range of salinities, at least if the changes
take place gradually. Fredericq (1898, p. 831) has been able to increase or diminish
to a large extent the salts in the blood of the crab, Oarcinus maenas, by placing the
specimen successively in water of greater or less salinity. Also, he (1889) finds that
the blood of O. maenas varies with the degree of salinity of the water in which the
animal is living. The investigations of other workers such as IsseI on copepods,
Herdman on copepods, Schmankewitsch on Artemia salina (see Flattely and Walton,
1922), and Loeb (1903) on Gammarus show that these forms are able to stand a wide
range of salinities. More recently Adolph (1925) has found th~t a marine species of
Gammarus "will live indefinitely if transferred to sea water diluted with distilled
water up to 0.5 per cent (0.005 M), or concentrated by the addition of salts up to
160 per cent (1.56 M, corrected for ionization)."

Why some forms have been found only in the lower part of the bay or outside,
or in both regions and not in the upper part of the bay, are questions which can not
be answered without a careful study of the habi~s and physiology of individuals of
each species in as many of the environments to which they may be subjected in nature.

ARACHNOIDEA

The Xiphosura or horseshoe crabs are represented in Chesapeake Bay by one
species, the common Limulus polyphemus (L), which was taken in the beam trawl
on several occasions. It was found in September, 1916, at area A; in January and
December, 1920, at 0'; and in May, 1920, at F and E. Only eight specimens were
captured, all of which, as may be seen from the areas listed, came from near the mouth
of the bay. The bottom salinities and temperatures for these areas (area 0' during
the December cruise excepted) ranged from 22.60 to 29.22 per mille and from 2.70 C.
to 23.40 C., respectively. The records indicate that L. polyphemus may be found
throughout the year in the bay, but only in its lowermost portion.

At least one species of the order Pycnogonida has been found by us in Chesapeake
Bay. It has been identified, tentatively, by the United States National Museum
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as Anoplodactylus lentus Wilson. It was collected at area 0 in the mouth of the bay
during the May, 1920, cruise. The bottom salinity at this area was 25.77 per mille
and the temperature 13.80 C.

MOLLUSCA

The rather large number of mollusca which have been collected by us are now in
the hands of the United States National Museum, awaiting identification.

ECHINODERMATA

The echinoderms collected during the Chesapeake survey have been identified
by Dr. Hubert Lyman Clark, to whom I am much indebted for a list of the species
and additional information concerning their geographical distribution.

The number of species is small, but no smaller than might be expected from a
rather fresh estuary with a muddy bottom. All of the specimens collected, with one
exception, were found either in that part of Chesapeake Bay below the mouth of the
Potomac River (most of these were taken not far from the mouth of the bay) or just
outside of the bay a short distance.

A list of the species follows: Asterias forbesi (Desor), 8tephanaster gracilis (Per
rier), Echinarachnius parma (Lam'k), Amphiodia sp., Amphipholis squamata
(Delle Chiaje), and Amphioplus abdita (Verrill). In addition to these echinoderms,
which were identified by Clark, a few specimens of the holothurian, Thyone briareus
(Lesueur), the common red sea urchin Arbacia punctulata (Lam'k), and the starfish
Luid·ia clathrara (Say) have been found.

The echinoderm, which was captured by far the largest number of times in Chesa
peake Bay during the cruises of 1916, 1920, 1921, and 1922, was the common starfish
Asterias forbesi, which was brought to the surface on 54 occasions. It was collected
during the following cruises: April, June, July, September, 1916; January, March,

"May, July, December, 1920; January, March-April, May-June, "1921; and January,
March, 1922. Undoubtedly it may be found in the bay any time during the year but
ordinarily only in the region below the Maryland and Virginia line. It has been taken
at areas E, F, and 0 in the mouth of the bay, at area 0' off Old Point Comfort, at
various localities between these two regions, at areas A, B, 0, and D, which mark a
line from Cape Charles City to New Point Comfort, and at areas Q and O. It will
be seen that no specimens were collected above the line marked by areas H, H', Q,
and 0, which runs from the mouth of the Rappahnnnock River to Sandy Point.
Apparently this form can stand a considerable range of salinities and. temperatures,
for it was found on bottoms where these ranged from somewhat less than 20.00 to
32.00 per mille and 4.2 0 C. to 24.40 C> Specimens were taken at depths frOID 8
meters at area Q to 46 meters at area A. Frequent catches were made at the latter
area, and these were in general the largest made in the bay. The Biological Survey
of Woods Hole and Vicinity (Sumner, Osburn, and. Cole, 1913, pp. 111-112) showed
that "A. forbesi was encountered with tile most frequency of any echinoderm in that
region and that it together with Arbacia punctulata were the ones taken most often in
Buzzards Bay. Similarly in Chesapeake Bay A.·forbesi was the form most frequently
encountered.

Judging from our collections, the starfish Luidia clathrata seldom enters the bay.
Only on two occasions has it been taken-once in January, 1916, at area H and once
in July, 1916, at area F.
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.. At least two species of brittle stars were found in Chesapeake Bay. One,
Amphioplus abditus, was taken in August, 1920, at areas G, F, and E-that is, in thr
mouth of the bay at depths from 16 to 24 meters. The bottom salinities at these
areas were all above 30.00 per mille and the temperatures ranged from 15.5° C. to
20.9° C. The other species, Amphiodia sp.? (probably atra Stimpson according to
Clark), was found at area B during the same cruise at a depth of 13 meter::>. At this
area the bottom salinity was 24.34 per mille and the temperature 25.0° C.

One species of sea urchin, Arbacia punctulata was taken on six of the cruises
(June-July, 1916, December, 1920, and ,January, 1921). Without exception they
were found in the mouth of the hay and in four out of six cases at area G where the
bottom salinities and temperatures varied approximately from 29.00 to 32.00 per
mille und 5.9° C. to 21.0° C.

The holothurian, Thyone briarells, showed a somewhat more extensive distri
bution in Chesapeake Bay than the rest of the echinoderms. Specimens were found
at areas A, B, G', G, and P during the cruises of January and May, 1920, May-June,
1921, January and March, 1922. It will be seen that while most of the specimens
were taken in the lower part of the bay, one was found a short distance above the
mouth of the Potomac River (area P). The indications are that this form is able to
stand a wide range of salinities and temperatures. Three other echinoderms are
listed above as having been captured during our cruises, hut all of these were found
outside of the bay between the mouth and the U8-fathom line (216 meters). Thf1
starfish, Stephanaster gracilis, the common sand dollar, Echinarachnius parma, and
the ophiuroid, Amphipholis squamata, were all found on the same cruise, August,
1920, along the U8-fathom line. The latter was also brought up along the 43-fathom
(79 meters) and 20-fathom (37 meters) lines during the same cruise.

It is worthy of note that five species of echinoderms, S. gracilis, E. parma, Aphi
pholis squamata, Amphioplus abditus, and Amphiodia sp.? were taken during the
August, 1920, cruide when a trip to the U8-fathom line was made in addition to usual
trips over the bay.

A review of the eight species of echinoderms shows that only two species, Asterias
jorbesi and Thyone briareus have been found far inside the mouth of Chesapeake Bay.

Through the courtesy of Dr. Hubert Lyman Clark I have received the following
information concerning the distribution of some of the species: Speaking of the star
fish, Stephanaster gracilis, and the sand dollar, Echinarachnius parma, he says of the
former, "A West Indian species. Its occUrrenM in Chesapeake Bay is noteworthy" ;
and of the latter, "A northern species. Its occurrence at the same station with the
preceding species is noteworthy." At the time the above was written Doctor Clark
heel not been informed that the station in.question was outside of the mouth of the
bay. However, undoubtedly, the occurrence of a West Indian and a northern species
at the same station, even outside of the bay, is worthy of note. Con~erning the species
of Amphiodia he says: "* * * the Amphiodia is perhaps the most important of
your captures. If it is atra, as seems probable, its type locality is Charleston, S. C."

(:HORDATA
HEMICHORDATA

Fragments of a species of Balanoglossus, probably Dolichoglossus kowalevski
(A. Agassiz), have been brought up by the beam trawl and orange-peel bucket.
These came from about 11 meters off Lynnhaven Roads and from somewhat deeper
water off the mouth of the Potomac River. The salinities and temperatures at the
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bottom were 28.30 per mille, 10.90 C., and 18.93 per mille, 2.7 0 C., respectively. Also
specimen.s of Balanoglossus have been reported from areas S and X farther up the
bay. Balanoglossus undoubtedly occurs in abundance on the sand flat" in the south"
ern part of the bay.

UROCHORDATA

The dredging records show that the ascidian, Molgula manhattensis (DeKay),
was widely distributed over the northern half of the bay. It was taken in largest
numbers in the region between the Patapsco River and. Kent Island. Only a very
few specimens were found below the mouth of the Potomac River, and none, so far as
our records show, below the mouth of the Rappahannock River.

CEPHALOCHORDATA

No specimens of Amphioxus have been discovered in our dredgings, but Branchir
ostoma virgini<e Hubbs (formerly known as B. lanceolatus) has been found on several
occasion" by collectors. See Rice (1880), Hubbs (1922), and Hildebrand and
Schroeder (1928).

VERTEBRATA

The only vertebrates collected on our cruises were fishe,:;; and these have been
reported in another publication by Hildebrand and Schroeder (1928), together with
an extensive collection made by them both inshore and in deep water.

CONCLUSIONS

The conclusions arrived at below are based on data resulting from frequent
ecological investigations of some thirty areas widely distributed over the offshore
waters of Chesapeake Bay. These investigations have been undertaken, usually,
during all seasons, often over a period of two or three years and in a quitQ uniform
manner.

1. Chesapeake Bay is a shallow, tidal, slow-moving body of water, averaging,
in offshore regions, from 9 to 12 meters (30 to 40 feet) in depth. Water of oceanic
salinity (35 per mille) does not enter the bay but large volumes of fresh water are
emptied into it by many rivers. •. .

2. A deep-water channel, which lies for the most part nearer the eastern shore of
the bay, shows, at intervals, deep-water holes, some of which attain a depth of a little
Over 47 meters (156 feet).

3. The bottom is largely niuddy with few rocky areas; but along the shores,
especially in the southern part of the bay, there are sandy regions.

4. While Chesapeake Bay is a tidal body of water, the currents are weak; and
there are, ordinarily, no extensive replacements of fresh water by sea water and vice
versa during flood tide and ebb tide, respectively. It follows that salinity samples
collected from one end of the bay, to the other during a period of four or five days
afford a fairly good idea of the salinity conditions for the whole bay during that time.

5. On the other hand, there are regions, such as at the mouths of rivers, at the
head of the bay, and at the mouth of the bay, where the salinity may change rather
rapidly, especially during periods of river freshets, unusually high tides, and long
continued wind from one direction. Furthermore, the study of deep-water currents
shows that, during the autumn and winter, the deep water at times may move con"
tinuously, although slowly, into the bay during periods which are considerably longer
than those of the ordinary flood tide.
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6. The surface salinity records for the mouth of the bay show a variation from
approximately 19.00 to 30.00 per mille and for area U near the head of the bay from
approximately 3.00 to 12.00 per mille. The more saline water was found as a rule
along the eastern side.

7. The bottom salinity records for the mouth of the bay show a variation from
approximately 26.00 to 32.00 per mille and for area U, near the head of the bay, from
approximately 6.00 to 17.00 per mille.. The more saline bottom water was found on
the eastern side of the bay except near the mouth of the Potomac River, where the
deep channel approaches the western side.

8. A sharp increase in salinity somewhere between the surface and 20 meters is
quite marked in certain regions during the summer and autumn. Such a condition
is found especially along the deep-water channel, sometimes at the mouths of rivers,
and usually at the mouth of the bay. At times during the winter and spring months
this condition is not so evident.

9. Sometimes, especially during the early part of the year, when large quan
tities of fresh water enter the bay and when there is a greater tendency toward
instability; the water approaches a homohaline condition from surface to bottom.

10. While water samples could not be collected simultaneously at the various
areas visited during a cruise, the salinity values obtained point strongly toward the
conclusion that the salinity of the bay as a whole decreases markedly in the early part
of the year, that it increases gradually during the middle of the year, and that it
reaches a maximum toward the latter part of the year.

11. The same data,.as might be expected, show a decreasing range of salinity
va'ues with few exceptions from the mouth to the head for each depth investigated.

12. The surface temperature at the mouth of the bay varies at least from 40 C.
to 27 0 C. (area G) and near the head of the bay (area U) from 0.00 C. to 25 0 C. We
have not~been able to formulate any definite rule for the distribution of surface tem
perature with reference to the east and west sides of the bay.

13. The bottom temperature at the mouth of the bay varies at least from
3.60 C. to 21.00 C. (area G) and near the head from at least 0.9 0 C. to 24.40 C. (area
U). During the summel cruises the coldest bottom water was found along the deep
water channel, while during the winter cruises this channel contained the warmest
water.

14. A discontinuity in range of temperatures from the surface to the bottom
occurs, especially during the warmer months of the year, when the water is more
stable. This discontinuity often corresponds closely in depth to that of the discon
tinuity of the salinity.

15. The temperature data for the winter cruises indicate that there was a
decreasing range from the 'mouth to the head and that this was partly due to the
entrance of the warmer water from the ocean; during the spring cruises the tempera
ture data showed that these relations were not constant; during the summer cruises
the deep-water temperatures showed an increasing range from the mouth to the head,
and this undoubtedly was partly due to the entrance of ocean water, which is of a
lower temperature than that of the bay water at this season; finally, the temperatures
of the autumnal cruises indicate that, at that time, the summer conditions were
changing to those of the winter.

16. Practically a I of the marine planktonic diatoms found in Chesapeake Bay
during the year 1916 belonged to the neritic temperate group, only one neritic arctic
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and no neritic tropical species having been found. The oceanic forms were rep
resented by very few species and small numbers of individuals. One oceanic tropical
and two oceanic boreal arctic species were found. Marine bottom or semi-bottom
(tycopelagic) diatoms occurred abundantly.

17. While the diatom collections and counts were not made daily in anyone
locality, the study of large numbers of surface and deep-water samples from regions
widely distributed over the bay indicates that during the years of 1916 and 1920 there
was a well-marked spring maximum. There are also indications of an autumnal
winter increase after a summer minimum, but the diatom counts are ordinarily not
nearly so high as those of the spring cruises. The diatom counts for the summer
almost invariably show a marked decrease when compared with those of the spring.

18. Ordinarily, high diatom counts were found at times of low salinity, but it
does not follow that low salinity was the cause of the high counts.

19. Total diatom counts at areas in the mouth of the bay, where the depths are
shallow and the currents comparatively rapid, were found to be low. .

20. Surface and most deep-water samples of the littoral bottom diatom, Skele
tonema costatum, taken during the cruise of October, 1915, show that the largest
counts were near the mouth of the Potomac River. The vertical distribution of this
diatom showed the highest counts usually at intermediate depths. The maximal
counts were found during the spring cruises.

21. Paralia sulcata, a tychopelagic diatom with a heavy test, was also found in
largest numbers Ileal' the mouth of the Potomac. The bottom samples as compared
with surface and intermediate samples contained almost invariably the largest num
ers of specimens. The maximal counts occurred during the spring cruises.

22. The fresh-water protozoan, Diffiugia, which is ordinarily a bottom form,
was found widely distributed over the bay during all the cruises in the year 1916.
The largest numbers were taken during the July and September cruises.

23. The silicoflagellate, Dictyocha fibula, was caught most abundantly in the
lower half of the bay. Probably it has an autumnal maximum.

24. The most abundant peridinian listed by Cunningham for Chesapeake Bay
was Oeratium jurca.

25. Noctiluca miliaris, one of the cystofiagellates, was found on nearly every
c~se during 1915 and 1916, but it was only in the lower end of the bay that indi
viduals of this species were caught in abundance.

26. Comparatively few sponges were dredged in the offshores water of Chesa
peake Bay. Undoubtedly this scarcity is due largely to the muddy character of the
bottpm and to the lack of solid objects for attachment.

27. Large quantities of hydroids belonging to the genus Thuiaria have been
found in Chesapeake Bay throughout the year, although the indications are that they
are in greater abundance during the spring months. Much of the material collected
wasloose but not floating at the surface. Three species of this genus are represented,
Thuiaria argentea, T. cupressina, and T. plumulifera.

28. The Hydromedusa, Nemopsis bache'i, was brought in by the townets in greater
abundance than any. other species in the collections made during 1920 and 1921 (R. B.
Bigelow). The records indicate that it is present throughout the year.

29. The jellyfish, Dactylometra q'll,inquecirrha, occurs in large numbers in Chesa
peake Bay and is usually in the "Chrysaora stage." Records for 1915 and 1916
(Radcliffe) and observations of others support the view that it is abundant in the late
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summer and autumn. During the latter season especially it is found well up in the
rivers emptying into the bay. Evidently it can stand wide ranges of temperature
and salinity.

30. One gorgonian, probably Leptogorgia virgulata (Lm'k), has been found at
many stations in the lower part of the bay, but since we have never brought it in
Itttached to rocks, stones, or other objects it may have been swept in by the currents
from the ocean.

31. Only one species of sea anemone has been taken in the offshore waters of the
bay; and, judging from our dredging records, it was confined to the upper half of the
bay, showing that it is able to live in water of low salinity.

32. Observations made on the occurrence of ctenophores in ChesapE'ake Bn.y
support the view that there is n. scarcity of full-grown specimens, at least, during the
spring months, that the numbers increase in early summer, that they reach a maxi
mum in the late fall, and that during part of the winter they are still present..

33. No live corals were found in the bay.
34. The nematodes are represented by at least a dozen genera and upwllrd of 20

species, according to Cobb.
35. Of the three species of sagittas found in Chesapeake Bay, Sagitta elegans was

by far the most abundant. There is much evidence which supports the conclusions
that this form was scarce in the bay during the July and August cruise, 1920; that
during the October and December cruises, 1920, the numbers were larger, although
the specimens were young; and that during the late winter cruise, January, 1921,
the numbers were large and some of the specimens almost adult. At the time of the
March-April cruise, 1921, maximum numbers were caught, many specimens of which
were of large size.

36. The largest numbers of Sagitta elegans were found near the mouth of the
bay during the cruises of July, August, October, December, 1920, and January, 1921;
but during the March-April cruise, 1921, large numbers occurred in the extreme
upper part of the bay. It is significant that in this same region, at the same time,
the largest catches of copepods for all the cruises were made, and that copepods are
known to be the food of sagittas.

37. The occurrence of Sagitta elegans near the head of the bay during the March
April cruise of 1921 was probably not peculiar to that year, for the log shows that on· the
March cruises of 1920 and 1922 sagittas were caught in almost exactly the same areas.

38. All our records show that Sagitta elegans frequents the layers below the surface
during the daytime and that it is able to withstand a large range of salinities.

39. Evidently the presence of solid objects upon which Bryozoa may attach
themselves is an important factor determining distribution; but the occurrence of
one species only near the mouth of the bay, where the salinity is comparatively high,
and another only well inside of the bay, where the salinity is much lower, indicate
strongly that salinity is an important factor in distribution (Osburn's view also).

40. Echinoderms are not abundant in Chesapeake Bay, but the common star
fish, Asterias jorbesi, is undoubtedly present throughout the year but only in the
region from the mouth of the Potomac River southward. The largest catches were
made at area A. The salinity and temperature records show that this starfish can
live in waters which range from 20.00 to 32.00 per mille and 4.2 0 C. to 24.4 0 C.

41. The holothurian, Thyone briareus, while not so common in our collections,
has a similar distribution to Asterias jorbesi. Other echinoderms have been taken
only neal' the mouth of the bay and so infrequently t,hat they need no further comment.
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42. There are only two abundant annelids, Nereis limbata and Polydora ligni,
which are found widely distributed in the offshore waters of the bay. They have
been collected during all seasons of the year. These species and such others as
Goniada oculata, Pectiniaria gouldii, and Paranaitis speciosa are evidently able to live
in waters of widely differing salinities and temperatures.

43. Four species, Streblospio benedicti, Scolecolepis viridis, Prinospio plumosa,
and Pectinaria gouldii, have been dredged only from that part of the bay extending
from the mouth of the Potomac River to near the mouth of the Patapsco River, and
consequently from waters of low salinities.

44. The following were found only in the lower half of Chesapeake Bay, where
the salinities are much higher: Lepidonotus squamatus, llarmothoe aculeata, Nereis
dumerilii, while. Myriana cirrata, Glycera americana, Maldane elongata, Praxiothea
torquata, Eupomatus dianthus, Terebella ornata, and Loimia turgida were only dis
covered near the mouth of the bay.

45. While there is no proof from the data at hand that the degree of salinity is
a factor governing the distribution of the nnnelids in Chesapeake Bay, yet there are
indications that such is the case. However, it is certainly true that the character of
the bottom and the occurrence of the proper kind of food nre important factors.

46. One species representing the Hirudinea was found in the offshore waters of
the bay. It was the fish-leech, Piscicola punctata.

47. Of the 64 species of copepods collected, only two-Acartia clausii and A.
longiremis-have been found sufficiently abundant in the bay to be of economic
importance. These were distributed over the whole bay from the region of Baltimore
to the mouth and were caught during all the cruises throughout the year. Ten
species, including the two mentioned, must have been able to accommodate themselves
to a large range of salinities, since they were collected, in good condition, all over the
bay, in addition to the ocean. Both of these species have been found breeding in
Chesapeake Bay.

48. Two species of barnacles, Balanus improvisus and B. eburneus, have been
collected in the deeper waters of the lower part of Chesapeake Bay (from the mouth
of the Potomac River to the mouth of the bay). However, along the shores of the
bay there is at least one unidentified species which is found frequently on .piles as far
north as the mouth of the Patapsco River.

, 49. The collection of amphipods, consisting of nine species, represents merely the
catch made during the cruise of May, 1920. All of the specimens came from the
shallower areas and from water that did not exceed 21.00 per mille in salinity.

50. Information concerning the isopods of Chesapeake Bay is limited to material
collected on the cruise of May, 1920. Five species were found.

51. The most abundant schizopod caught during our cruises was Neomysis
americana (formerly known as Mysis americana). Large numbers of surface towings
show that thIs species does not ordinarily frequent the surface waters in the daytime.
Specimens were captured during all the cruises taken in the year 1920 (January,
March, May, July, August, October, and December).' Some breeding individuals
were found on almost all of the cruises. The records show that this form can live in
Waters of a wide range of salinities and temperatures.

52. One species of stomatopod, Ghloridella empusa (called Squilla empusa by the
earlier systematists), has been caught in the bay. 'l'his common, shore-dwelling
marine form has been found distributed from near the mouth of the bay to /l'region

1988-30--7



372 BULLETIN· OF THE BUREAU OF FISHERIES

off Bloody Point in waters the salinities of which ranged from about 26.00 to 16.00
per mille. .

53. The only cumacea.n found on our cruises was probably Oxyurostylis smithi.
Several specimens were captured in May, 1920, off the mouth of the Potomac River.

54. Collections of decapods made in each case in a similar manner, at different
seasons during the year, and at widely distributed areas in the offshore waters of the
Chesapeake Bay did not bring to light any species confined to the upper half of the
bay. On the other hand, a number of species have been found only in the lower
part of the bay and outside.

55. Of the 18 species of shrimps or shrimplike forms only Palaemonetes carolinus,
P. mdgaris, and Crago septemspino8u8 have been found in abundance. P. carolinu8
frequents shallow water along the tide lines and flourishes in water of low salinity.
It breeds in the summer time and may be found many miles up rivers where the water
is almost fresh. P. vulgaris, on the other hand, has not been reported from river
waters, although it is found in shallow waters near tide lines. It has a summer breed
ing season. O. septemspinosus frequents the deeper areas of Chesapeake Bay, but it
also, like P~ carolinus, has been found in some of the rivers. Ovigerous specimens
have been collected at all seasons.

56. Two species of hermit crabs, Pagurus longicarpus and P. pollicaris, have
been found in considerable numbers. Both were confined almost entirely to the
region extending from the mouth of the Potomac River to the mouth of the bay.
Specimens were captured in waters ranging from about 18.00 to 31.00 per mille in
salinity and were found at all seasons during the year. An ovigerous specimen of
the fust species has been caught in the autumn, and several ovigerous specimens of
the second species have been found in the spring.

57. The common edible crab, Oallinectes sapidus, which is such a familiar form
along the shores of Chesapeake Bay, was taken infrequently in our dredging and
trawling. Such specimens as were captured were usually. juveniles. But in Decem
ber, 1920, off Old Point ·Comfort 32 female and 15 male specimens, mostly of large
size, were caught in the trawl. All of these specimens were inactive, owing, no doubt,
to the low temperature of the water (10.1 0 C.). It is well known that Callinectes is
distributed all over the bay and well up into the rivers. Evidently individuals of
this species can live in waters of wide ranges of temperature and salinity.

58. The "mud crabs" are well represented, four species having been found.
Two of these, Neopanope texana' sayi and Hexapanopeas angustifrons, occurred in
considerable abundance. The former has been caught only in the southern half of
the bay, while the latter has a little wider distribution. Both species are to be found
throughout the year, and they breed during the summer. They have been taken
from waters of wide ranges of temperature and salinity.

59. Five species of "commensal crabs"-three from the tubes of annelids, one
from the oyster, and one from the mussel-have been collected.

60. Spider crabs are classed as marine forms, but three species have been found
in Chesapeake Bay. Libinia dubia has been taken in many places and as far·north
as Love Point, near Baltimore. No ovigerous specimens have been found,and nearly
all have been in the juvenile condition.

. 61. The distribution of the crustacea in the bay indicates that there are many
forms which can live in waters ofa wide range of salinities and temperatures.

'. 62. Horseshoe crabs have been found only at the areas close to the mouth of
the bay.
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63. Balanoglossus and Amphioxus occur in the lower part of Chesapeake Bay,
while the ascidian, Molg'l.da manhattensis, has been taken in large numbers'from the
region between the mouths of the Patapsco and Rappahannock Rivers-in other
words, in the less saline part of the bay.

64. The only vertebrates collected on our cruises have been fishes.
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