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INTRODUCTION

The State of Virginia produces about twenty-three million
pounds of hard crabs annually (1935-1945 average). Approximstely
one-gixth of this total poundage is taken between December 1 and
March 31 by the winter crab dredge fishery.

The catch of this fishery fluctuates to a large degree bdboth
throughout the season and from year %o ysar. It has been suggested
(Sette and Piedler, 1925) (Pearson, 1948) that the year to year
fluctuations are caused, at least in part, by crab sbundance. The
hydrographic conditions existing in the lower part of Chesapeake
Bay, vhere the dredge fishery is pursued, could also influence migra-
tion, schooling tendencies;, or the catchability of crabs and thus be
a factor in determining the fluctuations throughout & season and
perhaps the year-to-year fluctumtions.

This present study wes mede to determine what hydrographic con-
ditions existed in the winter of 1948-1949 in the deeper channels of
lower Chesapeake Bay wvhere the bulk of the winter crab dredging is
done, Experiments were carried out also in the laboratory to study
crab reactions to various simulated hydrog-aphic conditions,

Acknowledgment is made to all persons who aided in this study.
Special thanks are expressed to Mr., W, A. Van Engel and Mr, W. H.
Massmann for thelr assistance with the mwoject and to Mr. W. A, Van
Engel, Dr. Nelson Marshall, and Dr., A. R. Armatrong for valumble

eriticiem of the manuscript.



REVIEW OF THE LITERATURE

During the winter months mature females make up over ninety
percent of the crab catch taken inm the lower Bay (Newcombe, 1946)
(Truitt, 1939), and there is a distinct excess of adult males over
adult females in Maryland waters (Truitt, 1934). Fiedler (1930)and
Truitt {1934) found evidence indicating that there is & mass nigra-
tion of matuwrs femals crabs to the lower Bay for spawning., No
definite migrationzs]l pattern exists for mature males except that
they do move offshore to deeper waters for over-wintering. Truitt
stated that crabs are rarely taken from Chesapeake Bay waters in
leas than fifteen feet of water during the winter, Immture males
and females in equal nunber are abundanit at depths of twenty to thirty
fest wvhile mature crabs seck deeper waters.

Truitt (1934) found that blue crabs do not occur very far out
into the ocean. During the winter months crabs occurring in the
lower Bay sre nostly mature females capable of mroduciag a sponge,
and thoss found Just outside of the Bay in ocean waters are moatly
seniles femnles, many of which die before the end of the winter.

Ir 193k and 1935 five thousand aduit crabs were tagged in Chesa-
peake Bay. On the basis of an eleven percent tag return of which
only one tag was recovered outside of the Chesapeake Bay area (in
Noxrth Carolina), Truitt (1936) comcludad that the Chesapeake Bay
blua crab population is separate and distinct from others along the

Atlantic Comst.

There is ampls evidencs that mature female crabs school during



the winter, This viewpoint is widely hsld by the commsrcial fisher-
men wvho dredge for crabs in the lower Bay.

In March 3933 Truitt (193%4) located a school of adult female
crabs in the lower Bay and found that they had moved inshorza five
hundred yards thres days later., Dwring the following three days a
northeast storm occurred and the school disappeared, apparently having
besen broken up. Thrse other schools were located by him that winter,
but he wes uuable to follow them due to weather or other adverse condi-
$%ions, The above author meantions thal when deep water winter bedding
ayreas in Maryland are exposed Lo stormy weather, the crabs over-winter-
ing there will leave far other loczlities. He &«lso c¢laims that the
adult male crabs over-wintering in the deeper Bay waters do not school
23 4o the adult femalss,

Churchill (1919) stated that thers is a widely held belief among
fishermen that crads bury themselvez in the bottom muds of the deeper
waters and hibernate duriag cold weather. Dredging observations by
Sette and Fiedlsr (1925) and Truitt (193%) do not support the thsory.

In reapect to hibernmation it has been noted above that schools of
cyabs do move from one locality to aanother while over-wintering in the
deeper waters of the lowsr Bay. Ia regard Lo winter activity of crabs
Truitt {1934) states that the younger mature males talken in December
and Jaauary are much more aétiwe and alert than the senile males taken
in the sams waters, and that in February and March many crabs in this
latter group are frequently taken dead with the gills fouled by debris.,

Although a fairly large number of papers containing information

about some phase of the hydrography of parts of Chesapeake Bay has re-
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sulted from various studies in thisz region, there are comparatively
few papers dealing with the subject om & larger scale. This is
especially true of ths more offshore waters of the Bay., The follow-
ing referonces include only those which are most aprlicable to the
present paper.

In 1915, 1916, and 1917 Iewis Radcliffe of the Bureau of
Fisheries started a aurvey of Chesapeaks Bay that vas continued in
1920, 1921, and 1922 undsr the direction of Dr. R. P, Cowleas of The
Johns Bopkins University. Stations wers set 1 $n the Bay and plank~
ton samples, water temperatures, and salinitiez werse taken at sach
station at the swrface, botton, and intermedistes dspths, The fauna
on or near the bottom wae also sampled with & besm trawl and & dredge.
The above stations were sampled at interwals throughoult the years during
which the swrvey was carried out, The results wsre published in
several different papers some of vhich are montioned in the following
paragraphs .

The salinity and temperature dats for about 2,500 waler samples
taken in the above study are presented in = paper by Wells, Railey,
and Henderson (1929). This paper also deals with the probadble effects
of some of the factors that dstermine salinity distridbution in the Bay.

The analysis of seasonsl, horizontal, and vertical salinity and
temperature distribution in Chesapeake Bay, based on the above determina~
tions, is given in a papsr by Cowles (1930). Thiz paper also correlates
these hydrographic factors with the distribution of the invertebrate
fauns sampled at each station,

Two U. 8. Coast and Geodetic Swrvey (19%5) (1947) publications



includa Aata from five stations in the Chesapeake Bay area, Four of
these stations are in Maryland and one, 0ld Point Comfori, in Virginia.
The former publicatlon gilves the average monthly density (at 159 Centi-
grade) of surface weters at each station, and the latter, the average
monthly surface vatsr temperature,

Much dats on salinity and temperature of Chesapeake Bay waters
exiots, more or less scattersed through the literatuwre, and undoubtedly
much hos also been cnllocted and discarded, forgotten ov otherwise not
maia avellable., Data conceraing other physical and chemical hydrographic
factors are much less abundant, This 1s due, no doubt, to the compara-
tive ease with vhich temperature snd salinity may be determined. In
gddition %o the importance of sslinity and temperature in studying
biologicel phenomens, these two factors are also of great walue in
identifying water messes in the study of water movements and other
physical aa well as chemiecal conditions.

Literature dealing with oxygzen content of the Chesapeake Bay area
iz confined almozt entirely to studies of the estuarine sections of a
few of the rivers emptying into the Bay. The Patuxent River has been
mora intensively studied than the other rivers, undoubtedly dus to the
fact that the Chesavecke Biological laboratory is located at the mouth
of this estunry.

In 1948 the Chesapeske Bay Institute, a division of The Johns
Fopkins University, was formed to carry out research activities on
Chesapsake Bay., Data for a large number of stations throughout ths
Bay, on all main tributaries and on the ocean Jjust outside the Bay,

are available for July 1, 1949, to October 1, 1949, in the first
Quarterly Report of the Institutes (1949). A number of different
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determinations {including salinity, temperdature, and dissolved

oxygen) at different depths are made at each station.



CEARACTERISTICES OF CHESAFEARE BAY

Chesapeake Bay extends ian a north-south direction from Havre
de Grace, Maryland, at 39°33' North Iatitude to the entrance to
Lynnheven Bay, Virginia, at 36%5ki' Horth Iatitude, This distance
is 1584 nautical miles (182 statute miles or 292 kilometers). The
entrance to the Bay, between Cape Charles and Cape Henry, is about
10 nautical miles wide, and the Bay itself varies in width from
5 to 25 pautical miles., The area of the Bay is about 2,800 square
miles (Cowles, 1930), and the shoreline is very irregular,

Chesapeeke Bay is & rather shallow body of water, 30 to 40 feet
being about average for deep water but, beginning at about 39°01°'
Rorth latitude and extending southward to about 37°42' North Latitude
is & narrow, deep channel between 90 and 156 feet in depth. This
channel runs for its first 16 nautical miles close to the eastern
side of the Bay, in mid-Bay for the next 51 nautical miles, and for
the last 12 mautical miles, from Smith Point southward, closer to
the western side of the Bay. It is generally believed that this
deep-water channel is the old bed of the Susquehanna River befors
the subsidence of the coastel plain (Cowlse, 1930).

A second deep channel, with depths between 65 and 110 feet,
runs in a southerly direction down Tangier Sound, A third channel
runs southward intermittently dowm Pocomoke Sound and disappears
& few miles east of tho southern end of the Tangier Sound Channsel.
A fourth channel, probably a ontinuation of the Tangier Sound

a.nd/or the Pocomoke Sound Channels in past geological times, runs
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intermittently ulong the Eastern Shore, generally between 55 and

80 feet deep with extrems depths of 100 to 150 feet appearing Jjust
off Cape Charles City. The last deep water is found about one
nautical mile offsihore from Butlers Bluff midwey between Cape
Charles Clty and Cape Charles. The water here is 85 feet deep.
Two shallower channels 30 to 45 feet deep continue around the Cape
but become lost in the shoal ares across the northern three-quarters
of the Bay vhere no through channel with water over 30 feet deep
exists,

The Patuxent, Potumec, Rappabammock, York, and James Rivers
al80 bave deep channels near their mouths but not rumning into the
Bay. These channels average between 70 and 90 feet in depth, The
Bay waters just off the mouths of these rivers average 30 to 40 feet
in depth.%®

The bottom of Chesapeake Bay i1s gensrally a falrly thin layer
of hard or soft mud over a lower layer of sand, clay, or shells,

The mud layer becomes wmuch thicker around the mouths of rivers. The
shores are generally sendy (Cowles, 1930).

The SusqQushannza River, originating in southern New Yark State
and flowing into the head of the Bay, contributes 49% of the fresh
waber. Draimage from the west, from large and small rivers originating
in the Alleghany Mounitains and on the Coastal Plain, contributes Lh%

of snnual freshwaier inflow. The remaining T% is contributed from

# Above information from U, 8. Coast and Csodetic Bwrvey Maps #77,
#78, and #1222,



the Eastern Shore (Wells, Bailey, and Henderson, 1929),

The salinity of the Bay increases from about 4 to 7 parts per
thousand in the latitude of Baltimore to about 2% to 30 parts per
thousand at Caps Henry (Newcombe, Horne, and Shepherd, 1939). The
salinity also tends to increase from west to east dus to the much
larger amount of freshwater entering the Bay from the west and
probably also to Coriolis effect. The salinity also gensrally in-
creases with depth; believed to be caused by & slow inwaerd movement
of heavier (more salins) ocean waters under the lighter outflowing
surface waters (Wells, Bailey, and Henderson, 1929). From the
average cross section area and annual freshwater inflow of Chessa-
peake Bay, 1t has been calculated that there is an average outward
current of 0.3 knots (Wells, Bailey, and Henderson, 1929). Although
there are no very strong currents in the Bay (Cowles, 1930), the

currents are very complicated.



LOCATIONS OF STATIONS

The selection of astations was besed on winter crab dredging
activity in the Bay. This dredging is almost entirsly confined to
the deeper channsls of the lower Bay where the water is over thirty
feet in depth, The greatest dredging sctivity is generally found
in the lower James River channel from Thimble Shoal eastward to
Cape Henry, in the lower York River chanmnel from about two miles
east of Tus Point to the Bay channel, and in the Bay channel itself
from Cape Henry northward to Wolf Trap Light. The deep water area
to the west of Cape Charles City appears to be a favorite crab
dredging area, Some crab dredging is done north of Wolf Trap
Light up to the Maryland Stete line.

Stations 1 to 4 are spaced about three and one-half nautical
ailes apert and make up & serles sturting about three nsutical miles
dowsa the York River chamnsl from the mouth of the York River and ex-
tending down this channel %o station & located in the Bay channel
opposite the mouth of the York River chamnel. (Figwre 1, Toble I)

Station 5, in the Jamss River channel just north of Lynnhaven
Roadz, station 6, in the channel at the Buy entrance just north of
Cape Henry, apnd station 7, about five mautical miles up the Bay
channel from station & were occupied on the first trip, November 19
and 20, 1948, but were discontinusd for the later cruises,

Stations B8 to 11 make up a seriss of stations runniang along the
Bagtera Shore channsl fram & point about two miles off Butlers Bluff

to & point about thres and ome-half miles off Wescott Point, Station
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12, two-thirds of the way wcross the Bay to the west of statiom 11,
was added on January T, 1949, to obtain date for a station farther
awvay from the influence of the very deep channel to compare with the
seriss of stations located in this area.

Selection of the three deep-channel stations (9, 10, and 11)
was influenced by the fact that the bathythermograph would record
only to & maximum depth of 72 feet, Because of the lack of landmarks
to pinpoint these stations, the exact locations were not occupied on
successive tripe. Due to the very abrupt slope from shallow to deep
water along this section of the Esstern Shore, & comparatively smsll
error in locating a station introduced a difference of up to kO feet
in depth for that station,

TABLE I
STATION LOCATIONS

Station Number Iatitude Nerth Longitude East

1 37% 13.7° 76° 18.8¢
2 37° 11.1' 76° 15.2'
3 37° 08.5°¢ 769 12.2¢
b 37° 06.8! 76° 08,2"
5 369 57.7° 769 05.9°
6 36° 57.3! 75° 59.1°
7 37° 01.3* 76% 02,6
8 37° 10.1' 76% 01.k!
9 37° 12.8" 76° 02.9"
10 37% 16.6°' 76° 05.5°
11 37° 18.3°" 769 05.4!
12 37° 18.0° 76° 09.7!

1k
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HYDROCRAPEIC METHODS

Temperature in relation to depth from surface to bottom was
meesured with a bathythermograph (Woods Hole Oceanographic Institute,
number 203, recording to 2 maximum depth of seventy-two feet). Air
and surface wvater temperatures were measured at each station with
mercury thermometers,

Bottom water samples were collected by means of a three thousand
cubic centimeter modified Kemmerer water bottle.

Salinity of surface and bottom samples was determined by titra-
tion with silver nitrate as described as Harvey (1928).

Oxygen content of the bottom samples was measured by the
standard Winkler method. It was sssumed that surface waters were

near saturation values in dissolved oxygen.



HYDROGRAPHIC RESULDS AND DISCUSSION
TEMPERATURE

The water temperatures for all stations sampled on November 19
and 20 ranged from 60.0%. to 62.0%F. for both swrface ani bottam
waters., The lowest water temperatures were found on Juruary 7 when
surface and bottom temperatures ranged from 43.0%F. to 46.59F. In
February and March a graduwl increase in surface water temperatures
was found., Oun ¥February 1 the mesn surface watsr temperature was
47.0%; on February 9, 48,0°.; and March 23, 50.09F. During this
game period mean botiom water temperature increased to 47.79F. on
February 1, and 48.3%F. on February 9, but decreased to 46.79F, on
March 23, (Figs. 2 to 14) Ths greatest variation from the mean was
in no cmse greater than 1.5,

On Hovember 19 there was little or no dfference betwesn the
surface and bottom water temperatures at the four York River channel
stations, During December, Jammry, and February ths bottom tempera-
tures were, in all but two casss, higher than swrface temperatures.
This was most noticeable at station b and least at atation 1. It
vaz also more marked in December than in later months, In March
gurface temperatizres were higher than bottom temperatures for these
four stations.

Along the Eastern Shore there was no difference hetween surface
and bottom water temperatures on November 20, On December 11, all
Eastern shors stations had bottom temperatures either colder than

or the same as surface temperatures. This same condition wms found

17



for stations 8§, 2, and 10 during Jsnuary andé Pebruary, but dwing
this sems period stations 11 and 1Z had bottom temperatures that
wors either warmer than or the same as surface temperaiures, The
difforonces betwesn surfuce and bottom water lexmpsratures were in
nost caves very smull fTor Eastern Shors stations throughout the
winter, but on March 23 stztioms & to 12 had surface temperstures
that wers from 1 %o 6.2%F. higher than the bottom temperatures at
thoee stations, During January sund Februnry tenperature inver~
slons wers fairly common espscisllw at Bustern Shore stations, In
nost cases the surface aund bottom wnters were wvarmer than ths inter-
mediste water layers.

Virginilz sir temperatures were above normel duriag the winter
of 1948-40, Pebruary wus ithe warmest on record in 59 years, Janu-
ary, the fourth warmest, and November, the sixth warmest. December
zir temperuturcs weve also cbove normal (U, S, Weather Bureau, 1949).
In order to determins to what extent this condition affected the
waters of lower Chesapeske Bay, records of water temperatures and
a&lr temperstures for other winters are compared with those found
during the winter of 1948-40 in Mable IT.

Station 10 was sgelected to compars with station 29 of Wells,
Bailey, and Henderson (1929) located inm the same gensral area in
1919-22, These two stations were chosen because they are near the
Eastern Shore and, therefore, not subjeect to the full impact of
the dralnage of the largs rivers along the western shore of the Bay
which may cause largs day-to-day fluctuations in water temperatures

in that area.
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The surface water temperatures of stations 8, 9, and 11 were
nearly the same as those of stetion iU on sach sampling date, the
average differencs being less than oms-fourth of a degree Fahrenheit.
Although Tedble II gives surface water temperatures, these valuss may
&iso be considered as representative of bobtom temperatures ag the
averasge ltemperature difference between swrface and botlom at both
ctations 10 and 29 was, in most cases, 1YF.

The only U. 8. Coast and Geodetic Swrvey (1947) station in the
lower Bay gives records Tfor averacge monthly surface water temperatures
at Old Point Comfort for 1943-1546. Although this station 1s located
near the mouth of the Jenes River, large day to day fluctuations in
water tempereture caused by the river flow sre not appareat in the
nonthly averages, These datas are also included in Tablie II.

The air tomperature date in Tabls IT ars given ag plus or minus
deviations of the average monthly alr temperatures from the 59-year
average for each month for the State of Virginia, Average winter
air temperatures for the Tidewmter sectlon of Virginls are about
3 to 59F, higher than for the vhole stste.

It is apparent from the date given in Teble IT comparing station
10 with station 29 that December-January-February alr temperatures
were lowest in the winter of 1919-20, second lowest in 1921-22,
somewha’ higher ia 1920-21, and highest in i9h8-h9,

Although no precise numerical correlation can be mede with these
date, it seeme that winter air temperatures for the State of Virginia
do influence ths surface water temperatures of lower Chesapeake Bey

40 a rather large extent and probably also influence botitom water

temperatures,
19
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BATHYTHERMOGRAPH DATA
December 11, 1943

Station 1 o
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SALIRITY

Salinity data for the winter of 1948-k9 are given in Table IV.
Surface salinity was highest on November 19-20 and lowest on Febrmary
9 at all stations, The mean difference in surface salinities detwsen
these two dates wms about 9.0 parts per thousand,

The highest or second highest bottom salinities were recorded in
mnost cases on February 9 and March 23. The lowest bottom salinities
at all stations occuwrred on February l. Thes mean range between
highest and lowest was about 6.0 parts per thousand.

Salinity stratification as indicated by bhottom-swrfaece salinity
difference (Table III) was weakest on November 19-20 and stromgest
on Febrwary 9.

Bottom salinities wers in moct cmses highest at station 4, and
surface salinities at station 8, Neither bottom nor surface salinities
were consistently lower at any particular stations.

According to Cowles (1930) the seasonal surface salinity pattern
for Chesapsake Bay consists of rising salinitiss during the summer
to a late full and winter maximun followed by decreasing salinities
to & spying minimum. This trend was not followed in the winter of
1948-49, A possible explanation is that November and December 1948
were the wettest and fifth wettest, respectively, in Virginis in
58 years, November precipitation was 6.03 inches and December, 5.06
inches compared with 58-year averages of 2.52 inches for November and
3.06 inches for December. It is probable that thie unusual rainfall

caused below normel surface salinities throughout the lower Bay for
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the rest of the winlter although this condition was not yst apparent
on November 19 and 20,

Figure 15 compares Virgiunie rainfall for ths winter of 1948-49
with the surface salinities of stations 9 and 10; and for the winters
of 1919-20, 1920-21, and 1921-22 with the surface salinities of
stations 29 end 30 of Wells, Bailey, and Henderson (1929). These
four stations were selected for comparison because they are in the
same general locality, and they are nsar the Eastern Shore anway from
the mouths of the large rivers. Pracipitation in the winter of
1920-21 was much like that in 1948-49, with heavy precipitation in
November and December declining to below average in February and
March, Surface salinities during these years decreazsed from lats fall
highs to winter lows and increased in early spring.

For the winters of 1919-20 and 1921-22 precipitation followed
8 more nearly normal¥# trend with lower late fall and early winter
precipitations increasing toward late winter, The surface salinity
trends for statioms 29 and 30 show decreases from Januery highs to
March lows which, as mentioned above, Cowles (1930) balieves to be
the expected conditiom.

The greatest, average change in surface salinities hetween any
two sampling dates was the decrease between November 19 and 20 and
December 11, These decreeses in salinity were undoubtedly due to thse

incresase in river discharge resuliing from the heavy rains of the

* Fifty-eight year average monthly precipitation for the Stats of
Virginia is: November, 2.52"; December, 2.83"; January, 3.28";
February, 3.04"; March, 3.62" (U. 8. Weather Bureau, 1949).
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preceding month., U, 8. Weathsr Bureau (1949) records show that
there wvas a major flood in the lower James River from December 3 to
7. Ths crest, 21.6 (13.6 feet above flood stage), at Richmond on
December 6 was the eighth highest stage recorded at this city in
fifty-five years. The Mattaponi River, which joins with the Pamunkey
River at West Point, Virginia, to form the York River, was also in

flood at this time.

36



_SALINITY

(Parts per Thousand)

N i A
o N &

(0]

- X5
M)

COMPhRISUN OF V;RGINIP MONTHLY PRECIPITATION WITH 8

 1921-22

| SALINITIES AT FOUR’CHEbAPEAKE EAY'SAMPLING STLTICNS
| WINTLRS oF l9h8+49, 1919-20 1920-21 1921-22 j
i ‘ | ‘ j | ‘ : i : : 1
{ 1 | Q
' |
o ?
s .
] ;o i
| 1948-49 | S I o :
f { i v i ! i ! s Y ' ! i |
. | T A R < o r
- AmE e S B —
| o el | o |
] ! 55 1 R |
5 : l [l o !
w | o ~
Ppita T
| L T~ |
Wells, Balley and Henderson ! S !
_1919-20 ] ; | - | |
| E | o | A L
; NGl | ;S
B N L0 BZen P
o | o PPSClpltatlon S
‘ é a N - . ¥ ~
i i ‘ [ 7‘-;'-;_ P ‘ ’ [
' \Q.. .3) : | . i
Well Balley and Hende”son B 2he j C ;
‘ S b D ool
| 1920 21 | : . | | I
| L
IR | .
! X . ' i |
: \ ‘ !
o
o 7‘ |
o |
Wélls, BalTey

liNOVLMBLR | DECﬁMBER ] JANUARY

i
|
i
1
\

“igu:r‘e 13

¢

MOI\. TH

37

FEmnnmi i

MARCH

I -

- (seyour)’

NOTIVIIJIOTMd



TABLE IIL

SALINITY STRATIFICATION
AS INDICATED BY BOTTOM -SURFACE SALINITY DIFFERENCE
{(Parts per Thousand)

192?-;?9&9

g:;;m 11/19  11/20 1211 12/21 1/7 2/1 2/9 3/23
1 0.5 -—- 7.2 2.8 3.0 1.1 12 3.9
2 0.0 2.9 5.5 1.k 2.6 11.3 6.6
3 1.6 -—- 3.2 ——- 5.5 3.5 11.3 8.8
k 1.2 -~ 5.9 - 55 .7 13.h 9.8
5 3.1 --- -—- -—- --- I -—-
6 - 3.6 - - - ——— am- -
7 L X - T -
8 -—- 0.2 0.9 -—- 0.9 0.9 7.1 3.h
9 ---  -0.1 0.7 - 1.9 0.2 8.9 5.9
10 ——- - 1.2 -—- 3.2 1.0 10.6 6.9
11 -— -— 0.8 -—- L7 2.9 1.0 6.6
12 -— -— -—- -—- 3.1 2.9 10.1 6.0
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TABIE IV

SALINITY
(Parts per Thousand)
Date
Station 11/19/48

Humber 11/20/48 12/11/48 12/21/M8  1/7/ho 2/1/k9  2/9/h9  3/23/h9

1 - Surface 21.9 15.9 18.7 18.3 6.7 15.1 19.0

Bottom 22.h 22,7 21.5 21.3 17.8 27.2 22.9

5 . Surface 22.9 17.3 19.7 19.7 16.8 15.7 19.6

Bottan 22.9 20,2 25,2 21.1 19.k 27.0 26.2

_ Burface 24,0 19.5 ———— 19.8 17.1 15.5 19.2

3 © Bottem  25.6 22.7 ——— 25.3 20.6 26.8  28.0

l‘. - s*‘n‘f&e% 2602 2102 hadeadeched 20.3‘. l9oh lh'.'r 1609

Bottom 274 27.1 ———— 25.6 2h.1 28.1 28.7

5 - Surface 23.7 —-———— - ———— - - ————

Bottom 26.8 ——a- ——— ———— - ———— ————

§ - Surface 26.2 ——— ———— ———— — ——— —e——

Botton 29,8 - ——— ———— ———— - ————

_ Surface 25.k ———— ———— —— ———— ———— .———

T = Bottom 26.2 — - ——— o ———— ——ae

g . Surface 28,5 22,2 -———— 22.0 20.5 17.3 20.0

Botton 28.7 23.1 S—— 22.9 21.h 2k I 23.4

g - Surface 25,8 22,2 —m—— 21,0 20,2 16.5 20.4

Bottom 25 ¢7 22 .9 hiadeiag 22 -9 20.}"' 25 .h 26 03

10 - Surface - 22,1 ———— 18.9 20.1 14,1 19.1

Bottom —— 23.3 ——— 22.1 21,1 24,7 26.0

1 - Surface m——— 22,3 cm-— 18.3 18.0 13.8 18.3

Bottm - o 23.1 - - o 23.0 20.9 2"*.8 2&.9

1o . Surface ———— ———— ———— 18.3 16.5 .2 18.6

Bottom ———— ——— .- 21,4 19.% 24.3 24 .6
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Dissolved oxygen conienl of botton waters lz given in Table V.

In general, fairly high oxygens in November decreased slightly
by December 11, increased tv winter maxima on February 1, and de-
ersased to generally low waluss by lats March. The minimum oxygen
content observed was 1.8 millileters per liter at station 9 on March
23, and the mezimum 7.8 milliliters per liter ai station 9 on
February 1. The greatest range in oxygen conitent, 1.8 at station
9 to 7.1 at station 12, occurred on March 23, and the least range,
T.0 at station b to 7.8 at station 9, on February 1.

The fact that on February 1 bottom oxygens were higher and
bottam salinities lower atl all statione than on any other sampling
date indicates that felrly intensive mixing bhad recently taken placs,
It is known that rough weather prevailed on lower Chesapeake Bay
for several days precoding this sampling date, Small craft warnings
wers displayed in this area om Janusry 28, 29, and 30 aad southwest
storm warnings on Januzry 31. Or February 1 the lower Bay was still
falrly rough in the morning but had moderated by afterncon, The
canbination of hydrographic conditions found on that date were un-
doubtedly caused, at least in part, by the weather conditions prs-

valling during the previous few days.
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DISTRIBUTIOR OF CRAB DREDCE BOATS

Excluding adverse weather the major factor controlling the day-
to-day fluctuations in catch of the winter crab dredge fishery is
wndoubtedly the absence @é‘ presence of beds or schools of crabs.,

The number aand distribution of crab dredge boats seen during
the cruises taken in the winter of 1948-1949 was recorded. On
November 19 and 20 the creb dredging season had not yet started,
but on Decembsr 11, fifty-one crab dredge boats were seen., Nine
of these boats were in the lower York River channel distributed
halfway between stations 2 and 3 to about one mile southeast of
station 3. Although the bottom waters of station 4 were found to
be low in oxygen (3.0 milliliters per liter) on that date and could
conceivably drive crabs toward the station 3 area, the number of
boats seen were gcarcely large enough to indicate a very heevy con-
centration of crabs,

0f the remaining crab boats, thirty were concentrated around
and to the west of station 1l and working over the area as close
together as was poesible without fouling sach others' dredge lines.
Low oxygens were recorded at stations 8 and 10 on this date., Oxygen
content of bottom waters at stations 9 and 11 were markedly higher.
The remaining twelve boats in the vicinity of station 12 were more
scattered than thoee at station 11.

On December 21 stations land 2 were occupied, but the trip
wvas discontinued dus to extremely rough weather,

On Januvary 7, 1949, forty-nine crab boats were seen in the lower

he



York River chammel diztriduted from about one mile southeast of
station 1 o about one mile northwest of station 3 with the greatest
concentration (twenty-one boats) in the immediate vicinity of station
2 and the remaining boats tapsring in awbers up and down channel,
Ko other crab hoats wers sesn for the remainder of the cruise., It

iz noteworthy that on this date a low bottom oxygen of 2.1 milliliters
por liter existed at station 1 and all other stations were fairly high
in bottam oxygen conteni. As on December 11 no weather or surface
conditions prevalled that would influsnce the distridbution of crab
boats.

On February 1, wvhen oxyger valuss of all botitom waters sampled
were very high, twenty-four of the forty-eight crab boais seen were
scattered from about one miles southwest of station 1 to two or three
miles south of station %, and the remeining twenty off the Eastern
Shora with no lavrge concentration of crab bomts at any particular
position,

On February 9 thirty-eight crab boats were seen, ten in the
shallower waters (twenty-five to thirty feet deep) about one to one
and ons-half miles west of station 2, twenty-two more or less spread
out to the west of station 9, and six scattersed one to one and one-
hal? miles west of station 12, Although on these two February dates
thers waes enough grouping of the crad boats to indicate possible school-
ing of crabs, there were no very large concentrations of crab boats
such as were found on December 1l around station 11 nor on January 7

in the lower York River channel.
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On March 23 enly @ crab boats were sesn. These were scattered
in the shallower waters to the west of ths York River channel between
stations 2 and 3. By late March crab dredge catches had generally
fallen off, and most dredgers had turned to other pursuits,



EXPERIMENTS WITH CRABS IR REIATION TO TEMFERATURE

The lowest bottom water temperatures observed in the Bay dur-
ing the winter of 1948-49 oceurred on Janvary 7. On this date
bottan water temperatures ranged from 43.0 to 46,59 . although it
iz known that lover bottom watsr temperatures in wintey are not
unusual (Wells, Bailey, and Henderson, 1929) (see Table II).

In order to observe crab activity at low tempsratures, 13
immeture crabs, ranging from 50 to 90 millimsters in width, were
kept in s large aquarium supplied with & constant stream of York
River water., The bottom of the aquarium was covered with about
3 inchee of sand,

Ko water temperatuves below 50,0%F. were found in the aquarium
until December 31 vhen the temperature was 47.5%F. It remained at
this value over Janwsry L, dropped to 45,5°F, on January 2, rose
to 46,5°F, on Janvary 3 end to 50.0°F. on Janvary 4., During the
four day period when temperatures were below 50.0%., the crabs
walked and swan, and some of them fed on small cluwsters of crab
ogge thet were dropped into the aquarixm ag food.

From Jaowary 35 to January 29 water temperatures ranged between
51,0 and 61.0%., and the crabs remained active. On January 30 the
water temperature dropped to 4%.5%F. On this date all the crabs
axcept ome were buried (i.&. no part of carapace visidble) or partly
buried (i.e. only the front part of carapace visible). The one that
remained on the suwriface of the sand moved around on the sand and fed

on crab egg clusters that were dropped near it, but its movements
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while fseding were sliow,

Another group of crabs, which was being held in the laboratory
during Janvary in a largs tub %o which ruaning York River water was
piped, was slao sean to move about freely by walking or swimming dur-
ing that month. The water ltemperaturss in the tub were gensrally
two or three degrees higher than those in the aquariwm. When the
water tempsrature in the tub was lowest, 48,09F., on Jamuwary 3, two
maturs crabs in the tub accepled and fed om crab egg clusters,

It 18 a rathar widely held belief that crabs bury themselves in
the bottom mud or sani during celd weather, Thse mmber of crabs
that would or would not bury in the aquarium sand 4did not seem to be
related to the temperature of the water. Twslve had buried themselves
in the sand on January 30 when the lowest water temperature was found,
and twelve were found buried on January 7 when the temperaturs was
53.5%,, but on several occasions, at temperstures batween 44.5 and
53.5F., none of the crabs were buried.

The above mentioned crabs were held at reduced temperatures
throughout moet of the winter, and although on two occasions the
water tempersture became abouti ag low g the lowest bottom wmter
temperatures observed in the lower Bay, no complete cessation of
activity was seen at any time among the crabs held ia the agquarium,.
There was no time at which at least oms crab would anot feed when
food was made available to it,

To observe differences in reactions to low temperatures when
different bottom materials were available for burying, three meture

and twelve immaturs crabs (48 to 90 millimeters in width) were
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isolated in individwal jars in a refrigerated constant temperature
bath (Aminco, 50 gallon capacity). Five jJars had no bottom material,
five contained three to four inches of sand, and the remaining five,
three to four inches of mud, The water in the jars had a salinity
of 15.8 parts per thousand. The tempsratwurs was reduced from 50,0°F.
%o 40.0%F. over = period of four days and held at the latter tempera-
ture for eight days. On the third day of confinement at 40,0°F, one
immature crab, in 2 jar comteining no bottom material, was found
dead. On the last day the mature crab in the jar contalning no
botton meterial appesared to be dead but revived rapidly when removed
to water having a temperature of 62.5°F. The remainingz crabs held
at & 40,0%, temperature moved when they were prodded and also were
able 4o right themselves when turned on their backs., Throughout the
experinent the crabs showed no tendency to bury in ons bottom material
more than another. What caused the deaths of four of the crabs 1s not
known,

To further investigate temperature burying relationships, an
agueriva was set up in the comstant tempersture bath. Ooe half of
the bottom of the aguariux was set up in the constant temperature
bath., One half of the bottom of the aquariun was coversd with mud
and the other with sand. A rubber tube, through which water flowed
continously, was colled under the mud and sand to railse the tempera-
ture of the bottom material sliightly. The agquariwm was filled with
water of 17.4 parts per thousand selinity, and stocked with ten crabs
ranging in size from 35 to 50 millimsters. The crabs were kept in

the acuarium for eighteen days during which time the weter temperature

ranged from 45.5 to 46.,59F,, and the bottom materisl temperature from
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5.5 to #8.07%7, On the fourth day of the experiment one crab was
found dead and partly consuned by the others, but the remalning
crabs were active and apparently healthy throughout the sighteen
daye and feod vhenaver food was svallabls. Thers was no sign of
eny tendency for ths crabs to bury themselwes in mud in preference
to sand or vice-versa, and the number of crabs durled at differsnt
tinws ranged from ome to eight with no apparent trend oxr pattera.

in the next experiment 20 small crabs (15 to 27 millimeters
wide) were placed in fingerbowls half of which had mud bobtom material
and half sand., Water baving & salinity of 15.8 parts per thousand
wae sdded, Ths fingerbowls wers placed in & refrigerator. These
crabs wers exsmined after four days exposwre at & temperature of
£rom 37.5 to 39.0% . Foas of the 10 erabs in the fiugerbowls having
sand bottom material was vuried, All were asctive and abls to right
thomselves easily when twmned on their back and 8 of them fed readily
o3 creb eggs whilch wers placed in the fingerbowis, Thres of the ten
crabs in the fiagerbowls contalning muld wers not burled, thres were
partly buried, and fow wers completely buried. All ten crabs wore
active, bul only one fed readily.

The above crabs were left in the vefrigerator for two more days
&t the same lemperaturs and agein examined., At the end of this
period 1t was found *he? nome of the crabes on sand waz buried; ous
was dead, and the remaining 9 were active. Two of the crabs on mud
wors buried and 8 wers not. One crab (not buried) wus dead and the

ropaiaing 9 were sctim,
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I% had been noticed that & comsistently large percentage of
crabs kept in reserve in Tiagerbowls in the laboratory al room
temparature were found buried irn the sand or mud during the daytimse,
but during the night the mejority of these crabs would not be
puried.

To test the offects of light in relatiom to dburying, 20 crabs
(15 to 27 millimeters wide) were placed in fingerbowls containing
mwl bottom material and 20 in fingerbowls comtaining sand. These
B0 crabs were placed in a refrigerator containing a lighted bulb,

The following day 1t wes found that the hest of the light dulb had
kept the refrigerator tempsrature up to 52.59F, All of the 20 crabs
on mud bottom were completely buried, 16 of the 20 crabs on sand
bottom were completely buried, one crab was partly dbwied, and 3 were
not buried. One of the latter was & crab which had shed and died as
a soft crab,

The light in the refrigerator wae turnsd off for the following
24 hours and the crabs sxamined at the end of this period. With the
1ight off the temperaturs had dropped to 39.0°F. OF the 19 crabs
on sand 16 were not buried, 3 were partly buried and ons of the former
was dead., Of the 20 crabs on mud, 12 were buried, 2 partly buried
and § were not burisd. After 3 sdditional days in darkness &t 36.5
4o 39.09%,, it was found that all 18 crabs on sand were not buriled,
half of the 20 on muad ware buried, and the othsr balif were partly
buried,

The experiment was repeated using 20 small (15 to 27 millimeters

wide) crabs, 10 on mud bottom and 10 on sand. They were kept in a
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dark refrigerator at 35.5 to 37.5°F. for 2 days, At the end of

this period they were examined and it was found that the 10 crabe

on sand wers not buried, 8 of the 10 on mud were not buried and

the remaining 2 on mud were buried. After sxposure to light from

& 3-cell flashlight (which 414 not increase the refrigerstor tempera-
ture) for 6 hours, all of the crabs on mud wers found to have buried
themselves. One crab on sand was not buried, 3 were partly buried,
and 6 were completely buried.

In suwming the five observwations on crabs kept in the refrig-
erator in darkness and the two in light, it was found that on the
sand bottem in darkness the ratio of observations of crabs not
buried to those partly buried to those completely buried was 62:3:0
while or sand in light it was 3:4:22, For the crabs on mud the same
ratio in darkness was 24:15:30, while in light it was 0:0:30.

The above information 1nﬂic§tas rather strongly that, at least
under the conditions of the experiment, the presence or absence of
light is the principle factor controlling the crab's burying ten-
dencies, It also appears that mud bottom material induced more bury-
ing than sand among the size group of crabs used. This tendency was
not noticed in the previocus experiments using largsr crabs, end it
may merely indicate that the smaller crabs have more difficulty bury-
ing themselves in sand than in mud,

In order to observe crab reaction to low temperaturs at different
salinities 120 small (15 to 75 millimeters in width) crabs were placed
in fingerbowls containing washed sand as bottom material. Sixty crabe

were held in a refrigerator at 37.5 to 41.0%°F. Of these 60 crabs,
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20 were in water having & salinity of 21.2 parte per thousand, 20 in
water daviag e salinity of 5.2 parts per thousand, and 20 wers in
fresh water. The remaining 60 crabs were held at room temperature
{about TOF.) and divided into 3 groups of 20 at salinities corres-
ponding to those used for the refrigerated crabs., AL ths end of 48
hours 3 crabs in fresh water in the refrigerator had died. When this
experiment was terminmted at the end of 72 howrs, & total of six crabs
in this same group had died, but there were no deaths ian any of the
other groups. The dead crabs constituted no particulayr size group.

+ was noticed that in ths above experimsnt all of the dead crsabs
wers malez 30 several experiments were set up to determine whether or
‘not & differential death rate sxisted betwsen males and females, Small
crabs {15 to 75 millimeters in width) were placed in fingerbowls con-
taining fresh water and about one-inch of washed sand as bottom material
and were held in a refrigerator at 37.5 to 41.0%. for varying lengths

of timas., The combined results of these experiments are given below:

TABIE VI
Length of Time Nunber of Rumber of Crabs Percentage
Held (Hours) Crebs Used Found Dead Mortality
Males
24 37 0 0
48 37 10 27
72 i8 8 kb
Females
2y 37 0 0
L3 37 o) o]
7a 23 3 13
96 1z 2 17
120 23 11 48
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Although the numbers of crabs used were too small to give ac-~
curate percentage mortality figures, the above figures do indicate
that immature femals crabs were more resistant than males to thes
conditions set up in the sxperiments. Fatalities wers not confined

to any particular size group.
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2.

SUMMARY

Bydrographic conditions found in lowsr Chssapsake Doy durlng
the winter of 1548-42 were probably atyplcal duwe +o abave

norzal sair tempercturos and sbnormal precipliation,

Bottom water temperatures wsre found to be generally higher

than surface water temperatures during December, January, and
February at the York River channel stations. This condition

d4id not prevail at the Easstermn Shore ststicnas. During Jamuwary
and February temperaturs inversions were felrly common es-
pecially at the Eastern Shore stations. On March 23, 1949,
surface water temperatures were higher than bottom weter tempers-

tures at all stations.

Salinity stratification s Indicated by botitom-surface salinity
difference wes lenst on November 19 and 20 and greatest on Pabe
ruary 2. Swrface salindltiss wers highsst oa November 13 and 20
and lowest on February 9. 3ottom salinitiss wers highest at
ztations 1 and 2 on February 9, st stations 3, &, 9, 10, 11,
and 12 on March 23, and at station 8 on November 20. BRotitom

salinities were lowrest a2l all stations on February 1.

Occasional low values for the dissolved oxygen content of bottom
waters were found during the winter. Low oxyger values were

mors widespread on March 23,

The diztribution of crab boats noticed during the hydrographic
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cruises indicated possible schooling of crabs,

Crabs kept in an aquarium supplied with cold water (down to
%65%.) throughout most of the winter walked, swam, and fed

at all tines,

Low temperatures did not seem to induce small crabts, 15 to
¢ millimeters in width, to bury themselves in mud or sand
bottoms in laboratory experiments., The presence of light

seened %o induce burying regardliess of temperature.

Low salinity (5.2 parts per thousand) with low temperature
(37.5 to 41.0°%F.) did not seem to cause undus mortality among
small crave (15 to 75 millimeters in width). Fresh water with
low temperatures did cause an increzse in mortalities. Small
male crabs appeared Lo be less resistant than small female

crabs to fresh water at low temperatures,
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