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INTRODUCTION

One object of this biological survey of Chesapeake Bay has been to make collet”
tions and identifications of various animals and plants found there in order to lear®
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 determin®
such distribution and abundance. In addition to this it has been the intention of th®
survey to continue the work for several years in an effort to ascertain what the usu#
environmental conditionsin the bay are, so that when great mortality of fishes, oyster®
crabs, clams, etc., occurs there will be data at hand from which to decide as to wh®
unusual changes may have been the cause of the trouble. Finally, it has been hop®
that the information obtained concerning salinity, temperature, and plankton conté?
of the water may help at some time in the future to throw light on the laws whic”
govern the migration of fishes, crabs, and other organisms in Chesapcake Bay.

The survey has been a rather general one, many regions having been visited 8¢
intervals, so that no one region has been studied intensively—daily for examnple™
although each region has been visited several times during a year. At certain one®
observations and collections have been made every 1% hours for a period of 24 hour®
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 plankto”
diatoms and other forms and also to see how they are related to salinity and temper®”
ture; but the réle played by each of these factors can not be conclusively ghow?
owing to the difficulty of controlling the numerous factors involved. In order to h’?"e
a better idea of the general physical characteristics of Chesapeake Bay before tak}ng
up the discussion of salinity, temperature, and diatom distribution, the followiné
section on the physical features has been included.

PHYSICAL FEATURES

Chesapeake Bay is a large estuary on the eastern coast of the United States 1 ing’
between latitude 76° to 76° 30’ and longitude 37° to 39° 30’. It forms a deep ind,en
tation into the States of Maryland and Virginia, extending inland about 160 nauti¢®
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Wiles, varying from 5 to 20 nautical miles in width, and covering an area of approxi-
Mately 2,800 square miles.?
Sounds, small bays, and many small inlets make the outline very irregular.
eral moderate-sized rivers empty their waters into the bay. On the west shore,
®8nning at the head of the estuary, are the Susquehanna, Patapsco, Severn, Patux-
(‘;nt, Potomac, Rappahannock, York, and James Rivers; on the eastern shore the Elk,
88safras, Chester, Choptank, Nanticoke, and Pocomoke Rivers are the most impor-
tfmt ones. The Susquehanna and Potomac, which are the largest, and the rest of the
Tvers of the western shore supply by far the greater bulk of the fresh water emptied
Mto the hay. .
While Chesapeake Bay extends almost directly north and south, its mouth faces
¢ east. Cape Charles and Cape Henry, which guard the entrance to the north and
South, respectively, are about 10 nautical miles apart, a distance which is considerably
88 than the average width of the southern part of the bay. This narrowed condition,
Yogether with the occurrence of a tidal delta cut by channels running parallel with the
Current, have an effect on the velocity of the current through the mouth.
Chesapeake Bay israther shallow, and thereisnot a greatdeal of difference between
€ upper and lower parts of the bay. Thirty or forty feet is ahout the average for
®ep water. Here and there, especially along the eastern shore, there are very deep
holes; 150 feet off Kent Island, 114 feet off Poplar Island, 118 feet off Tilghman Island,
114 feet off Taylors Island, 156 feet off Barren Island, 134 feet off Hooper Island, 122
feet off Point No Point, 139 feet off Smiths Point, and 150 fect off Cape Charles City.
of these are close to the eastern shore except the one off Smiths Point, which is
1ear to the western shore, and those off Taylors Island and Point No Point which are
M the middle of the bay.
The deep holes along the eastern shore are connected with one another by regions
of greater depth than the average of the bay, so that there is a natural deep channel
gging the eastern shore more or less closely and extending from the head of the
Y to Point No Point, from which region it crosses over toward the western shore,
®coming lost near Rappahannock Spit (Windmill Point). The deep water then
“ontinues nearer the eastern shore almost to Cape Charles. (See fig. 1 and Coast
&nd Geodetic Survey charts, Nos. 77 and 78.)

These deep holes are of special interest on account of their permanence, their
cOmp&ra‘r,ively rich and unusual invertebrate fauna, and their relation to fishing
8Tounds. Tt is at the bottom of the deep-water channel that the most saline and

Dsest water is found. Similar deep pools are known in England— for example, the
Sloyne 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
Ol erosion has been attained, and filling up is prevented by the action of the tides
®ombined with the production of eddies. Most of the deep holes of the Chesapeake
Ar¢ located close to the same shore as the submerged ‘““deeps” of the Susquehanna

1ver, 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
Under consideration is the old bed of the Susquehanna River before the subsidence
?ithe coastal plain. Probably, then, the deep channel was established in geological

Seve

! Thig area has been computed for this survey by the U. 8, Coast and Geodetic Survey, and it includes, in addition to Chesa-
Ri © Bay broper, Mobjack Bay, Pocomoke Sound, Tangler Sound, Kedges, Holland, and Hopper Straits, Fishing Bay, Honga
Ver, Eastern Bay, Herring Bay, and the entrance to the Choptank River,
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times when the coastal plain was more elevated than at the present time. While
t‘?el‘e does not seem to be any good reason for believing that the ebb and flood of the
Yide during recent times has cut the deep channel, yet it is known that erosion to a
Marked degree is taking place along the eastern shore of the bay (Hunter, 1914),
Like most estuaries, Chesapeake Bay has, in general, s muddy bottom, resulting
M part from the deposition of large amounts of organic matter brought down from
the lang by the rivers; in part from the settling of the dead bodies of marine, brackish-
Water, and fresh-water organisms, and in part from the settling of finely divided
Mineral matter. The latter is commonly called clay. This mixture of clay and
OTganic matter, which assumes a soft, sticky condition when wet, undoubtedly con-
81ns some iron sulphide resulting from the action of the sulphates in the sea water
o0 the jron compounds brought from the land. The mixture is characteristic of
S8tuaries, ocean waters near the land, and deeps outside of the 100-fathom line, accord-
g 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
% & 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 some places
1t forms g 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
Tayq, Samples of the bottom of Chesapeake Bay show, as a rule, that the blue-mud
&Yer 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,
¢ 8y, or shells, and often the blue mud is more or less mixed with these materials.
While the bottom of Chesapeake Bay is largely muddy, the shores are usually sandy,
80d 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,
© greater volume of river water entering from the western shore, eddies produced
Y headlands at the mouths of rivers and inequalities on the bottom , currents moving
M more or less opposite directions at surface and bottom in the same locality, varia-
1008 in rainfall, seasonal changes in temperature, and strong winds are factors which
80vern the movements of the water in the bay. There are no very strong currents,
% 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,
of the Bureau of Fisheries, in 1915, 1916, and 1917, but this work was discontinued
'n M&rch, 1917. In January, 1920, the writer continued the investigation under
the Uniteq States Bureau of Fisheries and was in charge until March, 1922.

P During 1916 and 1920, 13 general cruises over the bay were taken on the U. S. S.
8h Hawk. In addition to these, 2 preliminary cruises were made in 1915, another
;)n the U. S. S. Roosevelt outside of the bay near the entrance in 1916, 4 special cruises
0 the bay to study hydroids in 1916, 2 special cruises in 1921, and 2 in 1922. The
Cruises, including dates, station numbers, and other data, are given below:
Cruise

L. October 22-27, 19135, stations 8336 to 8365.

II. December 1-10, 1915, stations 8366 to 8402; 24-hour station 8394.

IL January 15-22, 1916, stations 8403 to 8441.
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(IIr%’l?eJanuary 27-February 1, 1916. (Outside of Capes Henry and Charles) (on U. 8. S. Rooscrell?)
Stations 8442 to 8457.
V. March 6-12, 19186, 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, 19186, stations 8550 to 8588.
I1X. July 17-31, 19186, stations 8589 to 8627; 24-hour station 8617.
X. August 30-September 2, 1916 (for hydroids), stations 8628 to 8650.
XI1. September 8-12, 1916, stations 8651 to 8686.
XI1I. December 16-17, 1916 (for hydroids), stations 8687 to 8696.
X1Ia. March 20-22, 1917, (for hydroids), stations 8697 to 8706.
XIII. January 10-16, 1920, stations 8707 to 8737.
X1V. 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 8830
outside of bay).

XVIII. October 15-21, 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.

XXII. 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.
XXI1V. 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 sam®
areas were visited on each cruise. These areas, which were circular in outline, wer®
charted as 183 meters (200 yards) in diameter, and their positions were selected ¥
such a way as to make lines across the bay covering all localities of interest from Cap®
Charles and Cape Henry to Swan Point and North Point. Each area was designate
by a capital letter, as may be seen in Figure 1. While they were recorded as me&*
uring 183 meters in diameter, the actual stations made were not spread out muc
within the area during the time the writer was in charge; that is, the varius station®
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 pot
vary a great deal. ]

Water samples for quantitative plankton study and for ascertaining the salinity
and temperature of the water were collected, using the Green-Bigelow water bottle
and the Negretti-Zambra reversing therometer. About half of each sample of wate?
(approximatley 500 cubic centimeters) was run into a special type of storage bottle
with a patent stopper and rubber washer. The collection of these samples was thel
made a matter of record in the log, and later the samples were shipped to the Unite
States Geological Survey, where, under the supervision of Dr. R. C. Wells, th?lr
salinity was determined by titration for chlorine. From the salinity data the densit16®
were calculated.

The other half of the contents of the water bottle was used as a plankton sample:
Such samples were later sent to Dr. Bert Cunningham, of Duke University, Durhaf™
N.C., who determined the species, counted the number of organisms per cubic centim®”
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 observ®’
tions and collections described above were being made the ship was allowed to dr!
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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
Mentioned 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.

he mouth of each surface net measured 30.5 cntimeters (1foot) in diameter and that
of. the bottom net one-half meter in diameter. During the towing, which lasted 10
Minutes, the speed of the vessel was, as a rule, 2 knots. Samples obtained in this
Wa}’ were shipped to specialists for identification and in some cases for study from the
Point of view of distribution. The Copepoda, Meduse, and Sagitte were studied
by Prof. C. B. Wilson, Dr. Henry B. Bigelow, and the author, respectively. Mr.
lassman and the author have undertaken a study of the distribution of the Mysidse.
0st of the Crustace® were sent to the United States National Museum, where they
ave been identified.
. Alarge beam trawl, whose runners were fitted with flat wooden shoes to prevent
Sinking 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
I. William G. Van Name, the bryozoans by Prof. Raymond C. Osburn, the hydroids
¥ Prof. C. W. Hargitt, and the sponges by Prof. H. V. Wilson.

Such animals as mollusks, annelids, holothurians, leeches, and many lower organ-
8ms which are found on the bottom or burrowing in the mud or sand, were captured
Cither by the mud bag attached to the beam trawl or by the ‘‘orange-peel bucket.”’
Thelatter is a small commercial dredge that bites to a depth of about 0.5 meter, bring-
'Ng up about 0.1 cubic meter of the bottom. The mollusks were sent for study to the
N&tional Muscum, the annelids to Dr. A. 1. Treadwell, the holothurians to Dr.

Ubert Lyman Clark, and the lecches to Dr. J. P. Moore,

SALINITY

The determination of the salinity of a body of water is one of the necessary pro-
%dures in & biological survey because the degree of salinity is believed to be a factor
n determining the distribution of some of the animals and plants found in the water
*d hecause it is desirable to know how much the salinity varies from time to time,

Or this reason water samples were collected at each station visited, and their salinity
®termined by titration for chlorine, from which the salinity was calculated.

5 The data on surface and bottom salinity and temperature will be discussed first,
ce many of the organisms collected and counted were taken at those levels. In
18 same part of the paper the vertical distribution of salinity and temperature will
®taken up. After that, unter the heading of seasonal distribution, data from inter-
ediate waters will be compared at equivalent depths such as 20 and 30 meters.

SURFACE SALINITY AT MOUTH AND HEAD

u The salinity of Chesapeake Bay, like that of other long bays and estuaries, grad-
Uy decreases, with very few exceptions, from the mouth to the head; and the bay is
20wn as g brackish body of water, although the failure, as a rule, of the fresh waters

tI}?m the land and the saline waters of the sea to mix completely, and the variation in

® Volume of fresh and salt water entering the bay, result in different degrees of
Tackishnoss (Cowles, 1920). The surface data at the mouth of the bay show a vari-
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&tion jp salinity from about 19.00 to 30.00 grams per liter in the region of areas @G, F,
ud F, while near Balitmore at area U there is & variation from about 3.00 to 11.00
8ramg per liter. So far as our records show (January, March, April, June, July, Sep-
Mber, 1916; January, March, May, July, August, October, December, 1920; Jan-
Vary, March-April, May—June, 1921; and January, March, 1922), the surface salin-
% 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
Surface salinity never reached 12.00 and sometimes dropped below 3.00—for example
%26 in May, 1920. It will be seen then that the range of surface salinity from head
Mouth may be large, for example 2.26 at U to 25.40 at F'in May, 1920.

SURFACE SALINITY FROM MOUTH TO HEAD

A good general idea of the variation of the surface salinity from the mouth to the
R d.of Chesapeake Bay may be obtained from Figure 2, which is a map ? of the bay
o f(’Wlng the surface salinity for a cruise in August, 1920. During this cruise the range
'I‘ Surface salinity was from 28.94 (area E) at the mouth to 4.75 (area U) at the head.

® arrangement of the isohalines ¢ shows clearly that the most saline surface water
;vt?ls uniformly on the east side of the bay from head to mouth. Similar maps for
€r months are shown in Figures 3, 4, 5, and 6.
The greatest decrease per unit of distance in surface salinity took place between
0 F, @, and D, O, B, A (from 28.94 to about 20.00 in a distance of about 15 miles)
lear the mouth, and this is indicated by the crowding of the isohalines. (August,
in 20). A similar condition was noted in the Baltic Sea by Pettersson (1894). Next
of Order was that between Y, Z, and U near the head. The decrease from the mouth
N the Potomac River to Y, Z, as well as from D, C, B, A to the Potomac River was
°ry gradual. A study of the data from the other cruises shows that while there is

Obsiderable variability in the rate of decrease from cruise to cruise in the regions
i ®0tioned, the condition during August is an average one. The amount of decrease
ﬁsalinity per unit of distance from oJ, I, K into the mouth of the Potomac River at
fo M, N is usually rather high, but it will be noted by referring to the map (fig. 2)

°F August, 1920, that the isohalines do not show such a condition. This is probably

Y€ t0 the unusual time elapsing between the times of making the observations at

'L, 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
Urfage salinity on the eastern than on the western side of the bay (Cowles, 1925).
Uch 5 distribution of salinity is most marked from the region of James Island to the

Outh, although during certain cruises—for example June 1916, January, August,
w December, 1920—the surface salinities obtained on the eastern side of the bay
. °Te highest from the mouth to the region of Baltimore. A study of the profiles
lud“"&tes that this condition is due to the fact that the deep-water channel which

“Mtaing the most saline bottom water lies on this side throughout most of its extent

to the fact that a large volume of fresh water from the rivers of the western shore

Tes8es the more saline water toward the eastern shore. Now, taking up in order

he&

' No high degree of accuracy can be claimed for such a map, since the water samples could not be collected simultaneously at the
the 18 and since the salinity fluctuates somewhat back and forth at a station with the tide. However, in the opinion of the writer
w4 8D Dresents a good general picture of the distribution of the surface salinity during the period of the cruise.

" " An igohaline is 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 @, F, E during 9 of 11 cruises showed that the surface
salinity was higher on the east side ® ®; line D, C, 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% It will be noted that toward the head the
condition mentioned gradually changes until along the line Z, Y the higher surfac®
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 sameé
depth and that when comparisons are made between bottom salinities in differes®
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 &, while in the region of Baltimore 8%
area U they varied from about 6.00 to 17.00. These data, which are from the sam®
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 botto™
salinity at area {J 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).
area G in the mouth the bottom salinity rcached the lowest point observed, 25.77
during the May, 1920, cruise. While the maximum salinity observed was 32.57 I
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 tbe
density is so low that, if continued for a long period of time, it is harmful to oyster®
(Moore, 1897).

BOTTOM SALINITY FROM MOUTH TO HEAD

A study of the data for the August, 1920, cruise shows that during this cruis®
the range of bottom salinities was from 31.74 (area G) at the mouth to 15.21 (ares U)
as compared with 28.94 (area E) at the mouth to 4.75 (arca U) at the head for surfac®
salinity during the same cruise. As in the case of the surface salinities, the greate®
decrease per unit of distance, if one leaves out of consideration the high salinities ©
deep holes, took place between E, F, @, and D, C, B, A. At the mouth of the Potom8°
River, J, I, K to N, M, N’, the decrease was quite marked; but in the long stretch®®
from the mouth of the Potomac River north to Y, Z, and south to D, C, B, A chang®
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 rels”
tive amounts of decrease in bottom salinities per unit of distance for the regions ju
mentioned.

An interesting exception to the gradual decrease in bottom salinity from the
mouth to the head of the bay is seen at 7', V, and Z. These areas, which lie on t ¢
west side of the bay from Governors Run to the mouth of the Magothy River, ha?®
fairly similar depths—for example, 9.15 meters at 7, 10 meters at V, and 12.81 meter’

s More accurately on the north side, since this line runs about north and south.
¢ Only cruises for which there were sufficient surface salinity determinations are included in the counts.
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4 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 7 to Z—that is,

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 former and this is prob-

ably enough to account for the condition mentioned. At the surface the salinity
ecreases almost invariably from T to Z.
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F16URE 7.—Salinity profile from Cape 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
®qual frequency on the eastern and western sides. The most saline bottom water,

Owever, 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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FiGURE 8.—Salinity profile from New Point Comfort to Cape Charles Oity, August 22, 1920

Shore and almost invariably through Y, X, S, and R, then to the middle of the bay
hr ough L, then nearer the western shore through oJ, again on the eastern shore through
Qand 4, and finally out through the mouth of the bay at @. (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-
Uimes in the region of the mouths of rivers, and usually at the mouth of the bay, a

increase in salinity occurs somewhere between the surface and about the 20-
Meterlevel. (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 th®
heavier salt water. (See Pettersson, 1894, and Murray and Hjort, 1912.) The shar?
increase occurs usually at about 10 meters, but there are exceptions, and at time®
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 ¢
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Fiaure 9.—8alinity profile from Bull Neck to Shanks Islands, January 24, 1921

below 10 meters. While the stratification just described was very marked durin®
most of our eruises, there were times in the spring and winter months when the wate’
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"
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F16URe 10.—Salinity profile from Horse Shoe Point to Bloody Point, January 27, 1921

In addition, the vertical distribution of salinity as seen in profiles illustrﬁws
graphically the conclusions arrived at above from a study of the data for surface 87
bottom sslinities; namely, that the more saline surface water, in general, lies near®
the eastern shore, although in the northern part of the bay it may be found on eith®
side with almost equal frequency, and that the more saline bottom water follows b
deep-water channel ¥, X, S, R, L, J, Q, A, and G.
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An interesting condition, which shows on practically all cruises, is the one along
the Jine J, I, K just below the mouth of the Potomac River. The most saline bottom
‘:a'tel' is found at area .J, located on the deep channel near the western shore, while

he most saline surface water lios on the eastern side, usually at area K or at least

S area . The density profiles indicate that the condition mentioned is due to the

Pressure of the Potomac River water, which, coming from a westerly direction, crowds
€ 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
sah_nities from the mouth of the bay to the head throughout the year. This range
Varies from time to time, but there is no evidence in our data to show that there is
Ay uniform seasonal fluctuation in the amount of range.

Inspection of the salinity values of the January cruises taken in 1916, 1920, and
192.2 shows that they were generally higher than those of the January, 1921, cruise.
g 8 condition is probably correlated with the fact that January, 1921, was an excep-
'Onally mild month. (Table 1.) (See section on salinity during the spring.)

T .y .
ABLE L.—Temperatures and salinities at surface, 20 meters, and 30 melers, during January, for various
years and areas

\ . e
January, 1916 January, 1921 January, 1922
Ateng Tem- T'emperature, ° °, l Halinity Temperature, ° C. Salinity
pera- Sa- e
ture, |linity, 77 r"—"’“_fm T T |
° (., |surface 20 me- | 30 me- 1 20 me- | 30 me- | | 20 me- | 30 meo- | 20 me- : 30 me-
surface Surface| “gqr | “ters Burface, “yop tens | Durface) Tp ters | Durface] % ers
. ¥ !
I I SR BV - ]
G | :
AL 41| 23.40] 59 ‘ 19.22 28.10 ... .. 12.9 23.01{ 20.15 [__._.___
i 33| 22741 49| 49|48 e 14 2306 ] 25.71 | 3580
L. 14| 1514 3.9 13,12 17.51 d4| 320 27l
R 1.8 14.38 3.1 13.64 | 13.80 2.6 15.46 | 20,31 20, 46
S 11| 13.86 26| 34| BT |leea.. 1.4 15.81 | 19.54 19. 86
¥: vo| | 30 RTETANTE Y o 20 ||
. 3 " . 00 | -- N ., &) . 90
U 12] 922 1.6 10,88 [ 114,46 oo )| _
N 6 683 11 [ EORN SUUORUN MUY RSN SR ISSOURONY SRR I

At 20,13 met/ers.%
hs Throughout the year the salinity usually increases with the depth (Katohalin).
. U8 might be expected in a body of water where there is fresh water from rivers flow-
€ over tidal saline water entering from’the ocean, even though currents, river floods,
W air temperatures, and winds tend at times to alter that condition. A disconti-
ity in salinity was frequently seen during the winter cruises and, although the water
36!11(81 8t times almost homohaline from the surface to the discontinuity layer, it was
) Om that even an approach to complete homohalinity along'the deep-water chan-
6. Wwas observed. The salinities for January, 1916, are typical: Area U, surface
14‘3» 4 meters 8.44, 9 meters 12.92, 15 meters 14.31; arca L, surface 14.36, 5 meters
Su;’?, 10 meters 15.72, 17 meters 16.87, 25 meters 19.27, 31 meters 19.87; area @,
v ace 23.40, 8 meters 27.20, 17 meters 32.54, 22 meters 32.57. Occasionally, how-
ther’ as on January 25, 1921, at area L, an a}')p.r(.)ach toward an homohaline and homo-
f&:rmou&x condition was observed. The salinities were s follows at 7.35 p. m.: Sur-
® 14.36, 10 meters 14.26, 20 meters 14.34, 30 mdters ™ .64, 33.9 meters 14.78.
® temperatures were: Surface 3°, 10 meters 3°, 20 meters 2.9°, 30 meters 3°,
1988- 302
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33.9 meters 3.3°. The wind, temperature, and direction of the current at this ti'me
were favorable for profound changes in the relation of waters of different salinit1é®
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 allr}os
without exception from surface to bottom throughout 24 hours of observatio™
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 temperawre
of about —4° C., were probably the cause of the almost homothermous and hom®
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 b 6
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 Mﬁr?h’
April cruises of 1921. The exceptional mildness of the month of January, resultipé
in a flood of fresh water, probably accounts for the difference. The evidence on t
whole from the four years indicates, nevertheless, that in the spring there is a decres
in the salinity of Chesapeake Bay. Such a condition would be expected, if for no
other reason than that in the spring months the maximum discharge occurs in b
larger rivers which empty into Chesapeake Bay. (Table 2.)

. . o8
TABLE 2.—Temperatures and salinities at surface, 20 meters, and 30 meters, during March, for pariot
years and areas

e —— e o e e e S — __g_,;;,///
March, 1916 | March-A pril, 1921 March, 1922 ‘
\\ e _ IR
. Tem- Temperature, ° C. Salinity Temperature, ° . Salinity
Aress | e | Sae | B _—
ture, | linity, "7 l [ e B | 30 me
°C., |surface 20 me- | 30 me- 20 me- | 30 me- | 20 me- 30 me- 20 me- | V) o
surface Surface! ters ‘, ters | Surface] < o i ters  |Surface] <4 o i “ters Surface| % 2o | “ters
3.7 28. 15 1210 [ 20,74 .o _._.. SR B9 ... [
3.1 20. 14 12,1 ’ 1.3 ] 114 21. 58 24,621 28.23 7.8 7.0 6.7
2.3 15.17 0.9 (oo 14.30 (oo |oo... &1 6.2 6.5
18 15.25 1.4 | |als 14.26 | . . ._ PR P 7.2 b7 ! 56
1.6 | 14.94 10.2 107 oo. 13904 | 14.20 (. ____ 7.7 4.9 5.2
L7 61| 1081 _ .. ol 10.87 ... B A B R
1.1 12,92 10.5 9.9 ‘ 8.4 7.43 | 10.38 13. 53 8.2 4.5 .. ...
1.2 10.55 12. 4 ] ________ [ 52601 e 9.2 5.2 ...
1.4 9.25 12,7 f ......... : ........ A5 U PR PR 9.0 | .
! | !

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 thab 2
other seasons of the year. At times, however, as in the early part of March, 192
when one of our cruises was made, the vertical distribution of salinity approach®
homohalinity at several areas in the northern part of the bay. Only during the win
(fig. 10) and spring cruises has this condition been observed. On the mornipg 0
March 6 we began to take samples at area U and continued their collection overy
hour and a half until 11.45 p. m. Throughout the day the salinities were unu&!u"lly
similar from surface to bottom—for example, at 1.15 p. m., surface 10.05, 3 met® s
10.11, 6 meters 10.17, and bottom (9 meters) 10.71. At station 8748, between 87>
R and L, a similer condition was found: Surface 16.11, 10 meters 16.14, 20 meter’
16.14, 30 meters 16.16, 35 meters 16.22. The conditions were favorable for s4°
distribution of salinity. At area U the sea was rough, a 15-mile wind blew from th z
northwest, ice floes were in the bay, there was no dominating flood current, an th
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:lr temperatures were exceptionally low. During the night of March 5, 1920, an
(x\ceptlonally 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 was distinctly seen on the
&‘lrnmer cruises. This might be expected, since the time for spring freshets was over
Ud there was less chance of a disturbance in the stability of the layers. The maxi-
U rajns in the Chesapeake Bay region usually occur during the summer months.
lile they may cause a distinct decrease of temperature in the surface layers and
Ty 8, of course, the surface layers are diluted to some extent, our data, except for the
in g;; 191(.3, cruise in the upper part of the bay, do not show any appreciable decrease
1e salinity at the surface or in the deeper layers during the months of maximum
recl_Pitation. (Table 3.) The indications are that the effects of precipitation on the
&Y itself are not very important in changing the salinity. No tendency toward a
comohaline condition was observed during the summer cruises along the deep-water
cogll'nel, and even .in shallow water _the range from surface to bottom was usually
ac Siderable. Typical summer conditions for U, July 3, 1920, were as follows: Sur-
at f: 6.80, 5 meters 8.49, 10 meters 12.24, 12.5 meters 13.31, at 11.28 p. m.; and for L
% 20-19 a. m., July 6, 1920, surface 12.50, 10 meters 14.66, 20 meters 19.72, 30 meters
20, 36.6 meters 20.22. That the salinity values of the midsummer and late sum-
€T cruises showed an increase over the low salinity values of the spring cruises may

e : . . Y.
s& Seen from the data given under the section ‘“Salinity at 30 meters and averages of
lmties 3]

SALINITY OF WATER DURING AUTUMN

.SO far as our records show, the discontinuity in vertical distribution of salinity
Yo lst§ in 8 st;ri.king manner into the autumn. During this' season the discharge
Do a‘;‘( Ivers is at 1t§ minimum and the weather is usually exceptlonqlly m.ild on Qhesa-
Sﬂlin'e Bay. Poss1bly', but not probably, almost homogeneous vertical distribution of
blac 1ty, occurred at times, but our records do not show Fhat such changes havg taken
temﬁ' However, only two cruises have been made dgl‘lng the autumn—one in Sep-
er, 1916, and the other in October, 1920. During the cruises of the autumn
Ohths just mentioned the salinities, like those of the summer, were higher than those

€ spring cruises. (Table 4.)

Perg

Ty
BLp 8.—Temperatures and salinities at surface, 20 melers, and 30 melers, during July and August,

for various years and areas

July, 1916 ﬁ August, 1920
Areas .~ ! "Temperature, ® C, ; Salinity
Pempera~ gatinity, | .
Lure,! Ol “surface ‘
surface Surface ;20 meters|301eters| Surface |20meters | 30 meters

[ EER 22.73

21.3 22,36

25,2 |

25.0 13.72
,,,,,,,,,, 12,83
.......... 10. 85
.......... 9, 46
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f
TABLE 4.—Temperatures and salinities at surface, 20 meters, and 30 melers, during September, Octob”
and December, for various years and areas

e

B e R e
September, 1916 October, 1920 December, 1920
Areas | Tem- | Temperature, ° C. Salinity Temperature, ° C. Salinity
pera- | Salin- | I
ture lity, sur-| 30
°C, sur- face Sur- 20 30 Sur- 20 30 Sur- 20 30 Sur- 20 oter’
face face |meters | meters| face |meters| meters| face |meters|meters| face |meters|™
20,4 oo femaaae 20.28 | o |ee. .- 10. 5
20. 4 20.0 19.4 | 2199} 2618 2702 10.3
9.3 . 0.5
19.5 8.7
. 8.6
7.8
7.9
7.4
7.0

SEASONAL SURFACE SALINITIES DURING 1916

I have stated that the salinity values obtained during the different Se"fsorls
indicate that in the spring the salintiy in Chesapeake Bay decreases markedly, ¢
in the summer it begins to increase again, reaching its highest degree ordmarll}’l
the fall and winter. Inspection of the surface salinity values obtained at pred”
G, F,D,C, B, A H,J, I, M, X, and Z for the cruises of January, March, April, Jun;
July, and September, 1916, tends to support this contention so far as surface water’
concerned (Table 5), although in these data, as well as those which have been glve
above, the water samples were not taken simultaneously at the various areas, so b thst r
they were not collected necessarily at the same stage of the tide. However, the rat de
close uniformity in the seasonal fluctuation of the salinity values for each area in pe
cates strongly that they show, in a comparative way, the salinity conditions in t
bay.

TaABLE 5.—8urface salinities during 1916

! \ sel
Areas | 980U | aMarch ! April | June | July tbep- : Janu- | yiarch ! April | June | July | emb®
ary ember ary
. "

18.53 | 17.30 | 13.21{ 1433 1599 | (4.3
15,141 1517 | 10.80| 12.97| 16.31| 159
13.37 ] 1579 11.55| 13.24 @ 11,78 13
1373 1359 | 1L09| 176 | 9.9 | 5300
1L13| 1202 6.8 830| 54| 08

20, 14 18,46 | 2211 | 2254 9.20| 10.01 3.35 3.10 4.25

t
t

S
SEASONAL SURFACE AND 30-METER SALINITIES FOR AREA L DURING 24 HOUR

As further evidence supporting the belief that the salinity decreases in the SP”ng
and rises again to a maximum in the latter part of the year we have the date fro ot
water samples collected usually at 1%-hour intervals through 24 hours. Such ds
bring out the tidal fluctuation in salinity during that period as well as the Gh”‘nge
from cruise to cruise (1920).

The 24-hour observations were not begun at area L until the July cruise, put ¢
single surface salinity determinations for area I in March and May were 15.87 &
7.30, respectively. The data for the July and October cruises (1920) show an mcre
over those of the May cruise, while on the cruise dunng the unseasonably mild mo?
of January, 1921, the salinity values decreased again. (Table 6.)
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T A similar condition may be seen for the salinity values at the 30-meter depth.

th 8 single determination at 30 meters during the March cruise was 16.50, while
98¢ of the July and October cruises (1920) were higher and those of the January,
1, cruise lower.

T
ABLg 6.—Surface and 30-meter salinitres at area L, laken at frequent inlervals during 24 hours, July
and October, 1920, and January, 1921

S
. i \ ;
Periog sur- | 30 : sur- | 30 | : sur- | 30 80
me- Period me- Period me- me-
face | torg face | torg \ face | ¢org ters
. '
oJ; N i

10‘%’{,8-". 1920 July 67, 1920— Oct, 1319, 1920—

UggMono . 12.50 | 20.20 Continued Continued 16. 80
119 Dl m.____ 12,56 | 20.04 419a. m. ... 12.76 | 19,18 9.00p. m.._._. 15.92 | 21.93 15. 34
249 mo____ 12,57 [ 19.98 i 540a.m___.._ 12,40 | 20.01 || 10.30 p. .. ____ 15.85 | 21.92 16.12
Llgp M--eeee 12.53 | 20. 10 | Midnight_____.| 15.38 | 22.04 14.87
bag m.. 12.60 | 20.00 || Oct. 18-19, 1920 1 1L30a m_ .. 15.79 | 21.88 14.87
Ty m.o____. 12.68 | 20.10 }) 10.30 a. m. __._. 15.90 { 22.30 | 3.00a. m. .. __ 15.77 | 21,82 14. 64
84gp M- 12,68 | 20.04 || Noon._...__.__. 15.80 | 22.24 || 4.308.m_.____ 15,68 | 21.75 14. 50

09 Dom. 12.66 | 20,00 | 1.30 p. m_ . 15,90 | 2234 || 6,008 m_ .. .. 15.76 | 21,61 14,87

ll4g g~ m.. 12.58 | 19.68 || 3.00p. m.______ 15,86 | 22.32 || 7.308. m....__ 15.71 | 21.99 14, 34
g g Moo 12.68 [ 19.69 || 4.30 p. m_______ 15,95 | 22.22 || 9.00a. m._.___ 15.81 | 21,87
2499 B--oent 12.68 | 20.06 || 6.00p. m___._._ 15,08 | 21.35 |

~m___ | 12,73 20,02 (| 7.30 p. mi.__._.. 15.92 | 21,85 | |
T~ | | | i i

RELATION OF SEASONAL SALINITY TO SALINITY OF COASTAL WATER

St Tl}e investigations of H. B. Bigelow (1917b) along the eastern coast of the United
so&tes 1n the region of Chesapeake Bay indicate that ‘‘ the salinity of the coast water,
le far as is known, rises during autumn and winter * * *”. Water samples col-
lgcted outside of the mouth of Chesapeake Bay on January 20, 1914, and January 27,
§ 16, at the depth of 18 meters showed that the salinity was 33.57 and 33.35, respec-
WVEIY- (See Bigelow, 1917b, pp. 54, 55,60; and 1922, pp. 124, 181, 184.) While no
nger sample was collected below the surface at this same station in November, 19186,
der data indicate that the salinity at 18 meters was about 33.00; at the surface in
§ same locality the salinity was 32.52. On the other hand, the salinity at 18
:(l)etel‘s on August 21, 1916, was 31.02. These data, which were the ones directly
. Dcerned with Chesapeake Bay in Bigelow’s study, indicate a higher degree of salin-
Y for the coastal water in the winter than in the summer.
The salinity determinations inside of Chesapeake Bay are, on the whole, in ac-
o with Bigelow’s tentative statement concerning the rising of the salinity of the
%astal 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-
Port the view that the coastal water increases in salinity during the latter part of the
Year after the floods of the first part of the year. At area A4, off Cape Charles City,
28" 8alinities 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 same
Year 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

8ta at 30 meters for two cruises during 1920, were: March, 16.06; and December,

68, No samples were collected at 30 meters during the January cruise.

- hose areas visited during 1920 also show higher surface salinities during the
218“1368 of the latter part of the year. The following are examples: Area @, January,
19, March, 20.64; May, 19.26; July, 20.54; August, 22.73; October, 20.28; and
Scember, 25.20. Areas 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; Marels
16.22; May, 11.95; July, 15.57; August, 16.45; October, 16.74; and Decembe”
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 Ma
and a distinctly lower salinity was found during the latter cruise. At area A4, ned
the mouth of the bay, the salinities at 30 meters for January and March were 25
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, C, B, A
H, J, I, M, X, Z) during the cruises of 1916 show the seasonal condition mention®
above: January, 18.26; March, 17.88; April, 13.70; June, 15.85; and July, 1685
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 @ and De
lacking, no average is given for that cruise. Also the data at each area for each crul®
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 /1, January, 18.53; March, 17.303
April, 13.21; June, 14.33; July, 15.99; and September, 16.31. And area X, Janusy
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 BeY
during those cruises taken in the spring months of 1916 and 1920, and that, in gener®’
higher salinities occurred during the summer, fall, and winter cruises. Also in
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 disturb
the lower part of thebay. It hasbeen pointed out that the winter months, Decemberé
1920, and January and February, 1921, were unusually mild in Maryland and th#
probably that accounts for the low salinities during that time.

A study, then, of the salinities of the various cruises taken on Chesapeake B”;
favors the view that a decided decrease in salinity occurs during the early part of "ha
year and that later in the year there is a tendency for it to increase again. Su¢ r
view is in keeping with the time of occurrence of the maximum discharge of the W”,te
from the large rivers entering the bay, and, as we shall see in the next section, %
the tendency for the more saline deep water of partly marine origin to make its wh
up into the bay during the latter part of the year.

rchi

RELATION OF DIRECTION AND VELOCITY OF CURRENT AT 24-HOUR STATlONs
TO SEASONAL SALINITY

It is evident that the degree of salinity depends on (1) the amount of fresh watéf
brought in by rivers or by local precipitation, (2) on the amount of saline water proug
in by the sea combined with (3) the mixing of these waters, and (4) the amouﬂ.ﬁ
evaporation of the water. The records of the water-supply department of the Um
States Geological Survey show that the maximum discharges of such large rivers
the Potomaec and Susquehannsa at points somewhat above their entrance int0 0
Chesapeske occur during the spring months, March, April, or May, and that the
minimum discharges are in August, September, or October. These conditions 8l0°
would tend to establish a low salinity in the bay during the spring and a higher ¢
during the summer, fall, and winter. s

On the other hand, Chesapeake Bay is a tidal estuary, although the tidal curre?
are weak compared to those of many other estuaries. A clearly defined ebb and floo

he
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2§$‘he water were made out at the. areas mentioned below during the spring and summer
) 18e8, but the current velocities, according to current-meter records, were quite
! Dl}ring the fall and }Vint..er c.ru.ises, however,. when the current vel.oc.ities were
Welttle higher, the alternating Incoming and outgoing cur}'ents characteristic of tides
v&:_e Usually not so evident, judging from our data obtained during 24-hour obser-
1008 at, area U, near Baltimore, and at areas R, L, and , lower down in the bay.
©88 results are of interest in connection with the observations made by Canadian
ca 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
Uses magk them.

"The fact that the water at 30 meters as far north as a little below Baltimore
oa.l‘e.a, R) may have a salinity of 20.00 shows, of course, that water of partly marine
c:‘g"_l makes its way up in the bay. It isdifficult to ascgrtain what factors bring this
&rndltlon about and whether the higher salinities sometime after the spring freshets
fre due to decreased pressure from the fresh water, to reaction currents resulting -

om outflow of surface fresh water, to the pressure of oceanic water resulting from the
northeﬂy 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
“onditions in the upper part of the bay, the occurrence of spring and neap tides, and
pI'Ob&bly many other factors which add complexity make it difficult to analyze the
Movements of the waters of Chesapeake Bay.
Current records, however, at 24-hour stations do show at times what appears to
® & persistent, although not continuous, tendency for the rather highly saline waters
of the lower layers to move slowly into the bay. Areas L and R are both deep-water
ATeas situated in the deep channel where the movements of the more saline water
&y be observed. The records indicated that with the approach of autumn and
su?lng the winter months there was at times a persistent tendency for the highly
flllne water of the lower layers to push its way slowly inwards, thus masking the
lida] Movements, and that during the spring and summer cruises this tendency was
Rot g0 evident, with the result that the tidal currents were more clearly seen. A
Jmilar condition has been observed in Christiana Fiord by Hjort and Gran (1900).
® movement inward during the autumn and winter cruises did not seem to be
€Pendent on the conformation of the bottom, hor could it be related clearly to the
SCeurrence of spring and neap tides. Undoubtedly, however, a nontidal factor (see
“8rmer, 1925, and Zeskind and LeLacheur, 1926) was responsible for this ingoing
cun.- ent. The wind, as an example, blows more frequently from a northerly direction
Uring the winter, while during the summer the more common direction is southerly,
Fccol‘ding to Spencer. This would tend to move the fresher surface water oceanward
' the winter and as a result produce the so-called ‘‘reaction stream’’ of Ekman
51876); the “reaction current’” of Helland-Hansen and Nansen (1909); “compen-
.tory hottom current,” Johnstone (1923); “induction current,” Cornish (1898);
i"‘ndercurrent,” Dawson (1896), in which the deeper more saline water moves
DWard from the sea. In summer,on the other hand, with the wind from the opposite
ection such a tendency would not exist. , A .

The discharge from rivers (another nontidal factor) would also bring about
*onditions such as those just described, but it is not clear why the undercurrent
Moving in an ingoing direction is so marked during the winter months, when the

8charge from the rivers is not ordinarily at is height,

ey
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Finally, it may be mentioned that so far as the time of the occurrence (autum?
and winter) of a strong tendency toward an incoming current in the lower layers s
concerned, it would be permissible to relate that phenomenon to the influence °
the North Equatorial Stream and the Atlantic gyral (Gulf Stream eddy) of whi¢
it is a part. It is known (Johnstone, 1923) that the axis of this stream or drift a?
also the rest of the Atlantic gyral shifts in a northerly direction during the summe’
reaching its northermost position in the autumn; and that in such regions as e
North Sea, Irish Sea, and Baltic Sea the culminating effect of this moving water ocour®
in March or in some regions later. Chesapeake Bay might be expected to show the
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 the
there is at times an unusual inflow of saline water into the bay during the autum?
and winter, there is no conclusive evidence to support the theory that this conditio? 18
brought about 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 temperatﬂres
and that others flourish under a different range. Also, it is known that there are S0/
which are very hardy, being able to live between widely separated extremes, 89
that others are sensitive and can exist only within a small range of temperatur®
Such a dependence on temperature must necessarily be an important factor in de“‘r(i
mining the latitudinal, seasonal, and vertical distribution of aquatic animals 8"
plants. Furthermore, the degree of temperature undoubtedly is often an importa®
factor in regulating the rate of reproduction, and extreme temperatures may at time®
cause great mortality. Finally, it is believed that temperature is a factor which ha$
an influence on the migration of some fishes. For these reasons water temperat“re
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 Chesape*‘l"e
Bay on the various cruises showed & variation from about 4° C. to 27° C. at ared *'
while at the head (area U) near Baltimore temperatures ranging from about 0.0° V"
to 25° C. were found. The data for January, March, April, June, July, Septembe’’
1916; August, October, December, 1920; January, March-April, May-June, 1921; 8%
January, March, 1922, show a maximum surface temperature of 27° C. at area a .111
August, 1920, and only on one cruise a temperature as low as 3.7° C. (at area anr
March, 1916).

At area U, near Baltimore, the highest surface-water temperature recorded on ou*
cruises was in August, 1920, 24.8° C., and the lowest, 0.3° C. in January, 1921. Tho
maximum surface temperature seems to have been about the same for the mo‘lth
and the head; but the minimum was lower at the head than at the mouth, due undouP
edly to the presence of ice floes and to slightly lower air temperatures during !
winter.

“Temperature data were collected also during January, March, May, and July’
1920. The thermometers used during this period were tested for accuracy and ¢
necessary corrections were detertnined; but since they were not of the reversing tyP®
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, 192"
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Were frequently below 0.0° C.; and it is the writer’s belief that the temperature of
{ @ surface water in the upper part of the bay reached temperatures below 0.0° C.—
Or example —0.2° C. (salinity 13.67) on March 7, 1920, at area W.

SURFACE TEMPERATURE FROM MOUTH TO HEAD

" Leaving out of consideration, for the moment, the surface temperature condi-
1ons along the line E, F, G, which extends across the mouth of the bay, an examina-
'0n of the surface temperatures observed during the cruises of the coldest months
ot the year suggest that, in.general, there is a decrease from a region near the mouth
Be D, O, B, A) to the head. The data consistently show a graded decrease; and
¢h & 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
il'om day to day so that a map showing isotherms for a cruise can give only a general
is 6a of th(? conditions over the whole bay. Such a map for the January, 1921, cruise
19il’lown in Figure 13. The decreasing range of surface temperatures for January,
8, 1921, and 1922 may be seen well in Table 1 where series are given for areas
Tom the mouth to head.
During the cruises of the spring, summer, and fall the surface temperature values
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
sm&:ller range during those seasons. The exception mentioned above was found
tﬁmng the August, 1920, cruise, when, as may be seen from Table 3 and Figure 11,
© data showed a decreasing range of surface temperatures from the mouth to the
fad. These figures were rather surprising until it was seen by reference to the
Weather map of the United States Weather Bureau that shortly before the observa-
r10ns were made at areas D, C, B, and A (August 21) the air temperature at Norfolk
®ached 90° F. (32.2° C.) and at Baltimore only 70° F. (21.1° C.).
surg Mugh variability in temperature distribution is to be expected, especially at the
. -ace, 1n a shallow body of water where a difference of 20° F. in the temperature of
1@ air 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 cruise
b Ugust, 1920 (fig. 11), shows a range of surface temperatures from 23° near the
%ad to 27° near the mouth, an unusual condition for which an explanation has just
ueen offered. The 27° isotherm is of special interest in this connection. A more
Sual 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
ead were found, as in the case of salinity, near the mouth of the bay. They
fred during the cruises of the warmer months, when the heated waters of the
Vers and bay meet the colder waters of the ocean. As examples, in August, 1920,
40'”3 was a difference of almost 5° C. between E and A; in June, 1916, there was almost
ho C. difference between the two areas. During Phe cruises of the colder months,
w Wever, such a rapid change in passing from the line G, F, E to the line D, C;'B, A
8 not observed. (Figs. 11, 12, 13, 14, and 15.)

The range of surface temperatures passing from D, C, B, A out through the
GOUth of the bay by way of areas @, F, E showed almost invariably a decrease in
umperature during the cruises of the warmest months, and an increase in tempera-

Te during those of the coldest months,
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JANUARY CRUISE 1921
°cC. -

FIGURE 13

SURFACE TEMPERATURE
MARCH CRUISE 1421

FI16URE 14



302 BULLETIN OF THE BUREAU OF FISHERIES
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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

Ugust, 1920. Here we see a condition which is more characteristic of the warmer
Months. The isotherms, during this cruise at least, run, more or less, up and down

6 bay. This condition results from the warmer water being on the western side of

e bay, except along the line J, I, K, and also from the fact that temperatures from
Rorth to south are close to uniformity.

After a study of the data for all the cruises it seems to be difficult to formulate
any very definite rule for the distrubution of surface temperature with reference to
the east and west sides of the bay. However, it may be stated that, judging from

ata collected during winter and summer cruises, warmer water lies decidedly more
often at area @ 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
arch, 1916, while at the head of the bay the highest and lowest temperatures at
Were 24.4° C. in August, 1920, and 0.9° C. in January, 1921. It will be noted that
€ range was considerably less for the bottom water than for the surface water both
8 area  and at area U (surface 27.0° C. to 3.7° C. at @ and 24.8° C. t0 0.3° C. at U).
Smaller range would be expected at the bottom, since that water is not subject so
Much 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, C, B, A just
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, C, B, A and @G, F, E) was as marked

OT the deep water during the cruises of the colder months as for the surface water.

18 relation can be seen by inspection of the data for 20 and 30 meters. (See
'I:ables 1, 2, and 4.) As in the case of the salinity, the data could not be collected
Simultaneously 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
Mouth to head were found near the mouth of the bay between D, C, B, Aand G, F, E,
88 in the case of the surface water. 1t was during the cruises of the warmest months
of the year that the greatest range occurred. As examples, the difference in the

Ottom temperatures between @ and A (21.0° C., 24.2° C.) or @ and D (21.0° C,,
25.5° C) in July, 1916, @ and A (15.5° C., 21.3° C.) or @ and D (15.5° C., 24.0° C.)
In August, 1920, and @ and A4 (15.2° C., 17.1° C.) or Gand D (15.2° C., 19.1° C.) in

ay, 1921, are of interest, especially those between G (the area through which most
91 the oceanic water enters) and A, where the bottom temperatures for @, at about 20
Meters, 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
e bay during the warmer months has a lower temperature than that inside of the bay.

Deep-water temperatures, as in the case of the surface temperatures, show
tlmggt, invariably a decreasing range in the warmest months passing from D, C, B,
4 through @, 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 im-
portant of which are depth, presence of ice, inflow of water from the ocean, seasons
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 @, A, H,J, L, R, S, X, and Y and that on the winter cruises the bottom
water of this channel was the warmest. Locally, at times during the autumn 0f
winter and occasionally during the spring the temperature relations just mentione
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, the
bottom temperatures for D (5.5 meters), C (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);
C (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 which
are: Seasonal, diurnal, and sudden local changes in air temperature sometime®
accompanied by vertical circulation; strength and direction of the wind; relativé
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 wate’
layers; the cooling effect of the rain on both air and surface water (Kriimmel, 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 botto™
was found in the deep channel. Area @, at the mouth, showed the most extensivé
range—for example, in August, 1920, surface 27.0° C., bottom (23.6 meters) 15.5° C-o;
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 1*
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 Sandstrém (1919) describes it. Water in thi®
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 warme®
months of the year. A rather common summer condition for temperature, at 1e8°
during the warmer part of the day, is that obersved at area R during June, 192
(surface 20.0° C., 10 meters 20.0° C., 20 meters 15.5° C., 30 meters 15.3° C., 40 meter®
15.3° C., 47.6 meters 15.1° C.). The layer showing the sudden decrease in temperd”
ture between 10 and 20 meters, which is evident in the series, is what is called the
“Sprungschicht’ by Richter (1891) and Kriimmel (1911), “discontinuity layer” bx
Murray and Hjort (1912), ‘“thermocline’” by Birge (1898), and ‘transition zone
by Whippel (1914). This decline in temperature corresponds very definitely in depth
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 tem”
peratures is often seen during the warmer months but frequently the correepondence
in depth with the salinity increase is not so definite as in the case mentioned. Indeet’
there is evidence indicating that the discontinuity in temperature may be disturbe
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.by a drop in temperature due to rain, cloudiness, or other factors. As ad example,
0 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 R the tempera-
tures were as follows: Surface 25.2° C., 8 meters 25.6° C., 16 meters 25.3° C., 26
Meters 24.5° C., 36 meters 25.0° C., 46 meters 25.2° C. During June of the same
year at area R 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.,
&nd. 41 meters 17.2° C. The records of the United States Weather Bureau show that
Uring the July cruise there were heavy rains in regions about and on Chesapeake
ay. It seems highly probable that they account for the low surface temperatures.
See Kriimmel, 1911.) An equally interesting cruise is that of August, 1920. Areas
» F, A, and B, near the mouth of the bay, were visited on August 22 and showed a
very marked thermocline—for example, at @, surface 27.0° C., 10 meters 20.2° C., 20
Meters 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, 4, and B. This condition
Seems to be traceable to high air temperatures in that region. (Maximum at Norfolk
9%0° F. (32.2° C.) and minimum 68° F. (20.0° C.) on August 20.) Farther up the
8y the air temperatures and the surface-water temperatures were much lower.
aXimum air temperature at Baltimore 70° F. (21.1° C.) and minimum 68° K.
(20.0° C.) on August 20.) The thermocline was obliterated at practically every
Station and frequently the surface temperatures were lower than those a few meters
elow. Observations made at area U, near Baltimore, on August 26, showed, as an
®Xample, surface 23.5° C., 5 meters 24.4° C., 11 meters 24.2° C., at 12 noon. The
Mght before these data were obtained the temperature at Baltimore had dropped to
8 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
0 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
8 the surface.

Ice floes have an effect on the distribution of temperature in the Chesapeake
B&y . This was evident at area U during January, 1921. Observations were made
o1 temperature and salinity at 1%-hour intervals for a good part of 24 hours, but
owarq the end of that period observations were discontinued on account of the float-
"0 ice which interfered with the instruments. Before the ice disturbed the work, the
Ypical distribution of winter temperature was observed hour after hour—for example,
8 4.05 4. m., surface 2.1° C., 5 meters 2.9° C., 11.9 meters 3.5° C. When the ice
Hoes 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
TEMPERATURE OF WATER DURING WINTER AND INFLUENCE OF OCEANIC WATER

b The range of temperature values observed from the mouth of the bay toward the
ad varied with the season. A study of the winter data at the surface and at the
0 and 30 meter depths along the deep-water channel, areas 4,J, L, R, S, X, Y, and
» Shows g decreasing range with some irregularities from the mouth toward the head,
38 shown in Tables 1 and 4. The largest irregularities in the decreasing range of the
30-meter 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 ¥
the large volume of colder, fresh water forcing its way in from the Potomac Rivel
as seen in density profiles. Ordinary daily variations in air temperature should not
cause the irregularities mentioned at 30 meters, but the surface water temperatur®
would, of course, be affected by them. )

Data for area @, which marks the main entrance into the bay, are included 1
the following discussion in order to show the influence of the oceanic water, althoug
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 are#
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 that
the higher temperature at @, the deepest area in the mouth of the bay, is due, in parts
to the entrance of warmer water from the ocean. The bottom reading at @ durit®
the January, 1916, cruise was 6.1° C. (22 meters), & 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, thers
show that the comparatively high bottom temperature at area @, in the mouth of th®
bay, has its origin from some other source. The data from the cruise of the U. S-
Roosevelt off the mouth of Chesapeake Bay during January and February, 1916, (8¢
Bigelow, 1917 b), show that the temperatures out to about the 20-meter contour weré
between 6° C. and 7° C. from the surface to the bottom, and that at the 200-mete”
contour they were considerably higher than nearer shore. These observations, ho¥
ever, were made about two weeks after the time the observations were made at &’
but it is very probable that similar relations existed two weeks earlier. Temper®”
tures of 10° C. and 12° C. were found over the continental slope—for example, in ﬂ.‘e
region of the 200-meter contour. It is evident that there was a gradual increase *
temperature at the surface and at depths from the shore outward; and it is practicall
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 W ater
usually finds its way into the bay. At the time the temperature observations wer
made at @, 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 higheﬂt
bottom temperatures for the whole bay were found again at @, with the exception that
in the latter year the temperatures at /' equalled those at G. It is quite probable the?
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 temper®”
ture conditions at area @, the occurrence of water of fairly high salinity in the north(?l'rl
part of the bay, and the distribution of certain marine organisms are in keeping wit
this theory.

The vertical distribution of temperature during the winter cruises was found t0 be
characterized by a low temperature at the surface and an increasing range from the
surface downward (Katothermous, following Kriimmel, 1911), as atarea GinJ anualy
1916, surface 4.1, 8 meters 4.9, 9 meters 5.6, 17 meters 5.8, 18 meters 5.9, 22 meters
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 niéters 3.8. A sifmilar condition may be seen at ared
in December, 1920, surfa¢e 10.5, 10 meters 10.8, 20 meters 11.3, 22.9 meters 11.6, 8%
at many other areas. But there are times during the winter when close approache
to uniformity of water temperatures from surface to hottom occur. Such temper®”
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tl{res were observed during the month of January, 1921, which was an exceptionally
d month in Maryland at least. Ice floes were so common during the cruisein the
Upper part of the bay that they interfered with the instruments. The 24-hour current
Meter records at area L near the mouth of the Potomac River showed a dominating
%“thing current from surface to bottom, which, however, was as usual of low velocity.
he salinities were remarkably low at all depths for that time of the year, and at
m‘“}y areas there was, for such a body of water as Chesapeake Bay with its highly
Variab]e 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
gr&fﬁall)’; with almost homothermous water of low salinity similar to that of the
SPring freshets. This condition combined with the freezing air temperatures, which
curred at the lower end of the bay during the January cruise (see U. S. Weather
Ureay records for Norfolk, two days before our observations were made) and which
hilleq the upper layers, was undoubtedly largely responsible for the almosthomother-
Mous gradient from surface 