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INTRODUCTION

Amendment numbers 23 and 7 of the USNRC facility operating
licenses for Calvert Cliffs Nuclear Power Plant, Unit Nos. 1
and 2, respectively, require the submission of an annual report
analyzing the data collected to satisfy the requirements of the
Non-radiological Environmental Technical Specifications for
these facilities. This report presents and analyzes the data
collected for this purpose between January 1, 1981 and December
31, 1981. For ease of reference, it has been formatted in
accordance with the appropriate non-radiolocical environmental
technical specifications.

This report has been prepared by a cooperative effort
between The Academy of Natural Sciences of Philadelphia, it's
field laboratory at Benedict, Maryland, and the Baltimore Gas
and Electric Company. The authors and affiliation of each
section are identified.




SUMMARY

George R. Abbe

Benedict Estuarine Research Laboratory
Academy of Natural Sciences of Philadelphia

Elizabeth 1. Bauereis

Baltimore Gas and Electric Company

The 1981 program of studies at the Calvert Cliffs Nuclear
Power Plant included monitoring studies of biological popula-
tions and certain associated physico-chemical variables in the
vicinity of the plant, as well as special studies on the
effects of impingement and entrainment. During 1981 both
generating units at Calvert Cliffs were in commercial opera-
tion. The following passages summarize the major results of
the individual study elements.

Monthly monitoring of physico-chemical variables revealed
the expected slight temperature elevations in the vicinity of
the plant and higher salinities than had been observed in
recent years.

‘ The dominant fish species collected by bottom trawl during
1981 were bay anchovy, spot, winter flounder, and Atlantic
menhaden. Winter flounder were rarely caught in 1980; and
croaker and blueback herring, dominant species in 1980, were
much less abundant during 1981. Total number of fish caught
was greater at Kenwood Beach than at Plant Site or Rocky Point,
although the jumber of species at Kenwood Beach was lower than
elsewhere. The largest catches came from the 6-m depth, the
12-m depth was intermediate, and the 9-m depth had the smallest
catches. There was no significant difference between the
numbers of anchovy or menhaden caught at the three stations,
but spot were more abundant at Plant Site than at Kenwood Beach
or Rocky Point. Five times the number of blue crabs were
caught in 1981 compared with 1980. Plant Site produced the
largest catches and Kenwood Beach produced the smallest catches
of blue crabs.

Average blue crab catches (taken by pots) increased 315%
from 1980 levels, and were 2.6 times the previous high set in
1979. There were no significant station differences in abun-
dance or size, but the percent males at Kenwood Beach was
greater than at Rocky Point. There has been a significant
decrease in the percent males caught at each station since
1968, but this decrease has been equal among stations.

. Oyster growth was greater at the Plant Site than at refer-
ence stations, probably because of stimulation by warm water
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discharges from the piant. Oyster mortality rates were low and
similar at plant and reference stations. Analyses of oyster
tissue revealed higher copper concentrations at the Plant Site
than at reference stations. Copper concentrations were in-
versely related to distance from the plant discharge, but
aickel concentrations did not show a recognizable pattern.
Concentrations of both metals were also higher at the Plant
Site during the 1973-75 preoperational period, and it is not
evident that the observed metal concentrations have produced
any harmful effects on oysters near the plant.

The estimated total number of fish and crabs impinged
during 1981 (3,274,180) was twice that of 1980 (1,605,754).
Much of this increas: was due to increased numbers cof crabs
impinged. There were more large impingement episocdes during
1981 than in 1980, although seasonal patterns of impingement
were similar to prior years. More fish were impinged at Unit 2
than at Unit 1, and more fish and crabs were collected from the
Royce screens at Unit 2 than from the standard screens. The
survival rates of fishes impinged were similar at Units 1 and
2, but overall survival rates were lower in 1981 than in 1980.
There was a trend toward smaller individuals on the smaller-
mesh Royce screens than on the standard screens, but survival
of spot, oyster toadfish, and winter flounder were similar on
both mesh sizes. Blueback herring showed higher survival on
the Royce screens, whereas bay anchovy showed lower survival.

Zooplankton entrainment studies during summer 1981 showed
that, as in previous years, nauplii and juvenile copepods
sustained the greatest losses during plant transit. Mechanical
stress appears to be the most likely cause of zooplankton
losses, but this has not been confirmed. Although decreased
survival was correlated with maximum zooplankton densities and
high ambient temperatures, there is little evidence that 2o0-
plankton mortality was directly attributable to thermal stress.
Survival estimates were lower in 1981 than in 1980, but the
reasons for this are unclear.

Other than the mortalities of zooplankton and fish asso-
ciated with entrainment and impingement, respectively, there 1is
no evidence that the operation of the Calvert Cliffs Nuclear
Power Plant has had any adverse effect on oyster, crab, or fish
populations in Chesapeake Bay.
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TREATMENT CHEMICAL USAGE

The following quantities of treatment chemicals were

used in the plant during 1981.

Ew M-
. i

Chemical Amount
Trisodivm phosphate -0 =
Boric Acid 91,830
Hydrazine 54255
Sodium hypochlorite 27,470
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COPPER AND NICKEL AT PLANT INTAKE AND D1SCHARGE

Thomas E. Harris
Baltimore Gas and Zlectric Company

Copper and nickel concentrations were determined in samples of
water collected once each calendar month at the intake curtain wall (30-foot
depth) and from the discharge plume (surface) of the Calvert Cliffs Nuclear
Power Plant. All samples were collected and acidified by personnel of
Benedict Zstuarine Research Laboratory and were delivered to the Electric
Test Department, Baltimore Gas and Electric Company, for anslysis.

All water samples were passed through a O.L5 microreter membrene
filter to rermove suspended solids., The filtered samples were analyzed on a
Perkin-Elmer }odel L60 atomic absorption spectrophotometer with an HGA 2200
Graphite Furnace installed in the burner compartment. Analyses were performed
by the method of additions using backgrounc correcticn asnd matrix modification
in the furnace. Selected samples were analyzed by flameless atomic absorption
after a chelation and extraction procedure in order to verify initial results.

Nickel values in 1981 discharge samples did not differ significantly
from those in corresponding intake samples either on a ronthly besis or on a
mean annual basis. The range of values in intake samples was <0,001 mg/l to
0.006 mg/l and the range of discharge values was <0,001 mg/l to 0.006 mg/l.,
For the intake samples the mean annual value was 0,002 mg/l and, for discharge
samples, 0,002 mg/1.

The range of copper concentrations in intake samples was 0,001 mg/l
to 0,010 mg/1l and in discharge samples, < C.001 mg/l to 0.010 mg/l. The mean
annual values were 0,005 mg/l for the intake and 0,006 mg/l for the discharge.
With the exception of the March and July results, intake and discharge values
did rot differ significantly. The March and July values were included in all
calculations although it may not be truly representative.

A comparison of both copper and nickel values in 1981 with values
for the period 1975-1960 shows that the 1981 values fall witain the range of
concentrations previously observed. No statistical difference was found
between 1981 mean values and 1975-1980 mean values at either the intake or
discharge.

Monthly values for copper and nickel concentrations are shown in
Table h 02-1 .
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Table L.2-1 Copper and Nickel Concentrations in water Samples
from Plant Intake and Discharge
January through December, 1961
(mg/1)

January
February
March
April
May

June
July
August
September
October
November

December

1ntake
0,00k
0.00L
0,005
0,004
0.005
0,001
0.010
0.002
0,001
0.001
0,002

0.002

Copper

Discharge
0.005
0.00L
0.010
0,006
0.005
0,003

<0,001
0,007
0,003
0.003
0,003

0,003
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FISH BOTTOM TRAWLING

J. Howard Hixson, 111, Michael F. Hirshfield
and Robert P. Gallagher

Benedict Estuarine Research Laboratory
Academy of Natural Sciences of Philadelphia

Introduction

Bottom trawling studies of finfish populations have been
conducted in the vicinity of the Calvert Cliffs Nuclear Power
Plant (CCNPP) on the Chesapeake Bay since 1968. These studies
have been undertaken to determine seasonal cycles in abundance,
diversity and occurrence of fish species in the vicinity of the
power plant and to document any plant-induced changes in the
community structure of benthic fish populations (ANSP, 1969,
1970, 1971a, 1971b, 1973, 1974; Moore, 1975, 1976; Hixson,
1977; Naiman, Hixson and Capizzi, 1978; Hixson and Capizzi,
1979; Hixson and Hirshfield, 1980; Hirshfield and Hixson,
1981). Data from the most recent study, conducted from January
through December 1981, are presented in this report.

Materials and Methods

Samples were collected monthly during 1981 at three sta-
tions: Kenwood Beach (KB), Plant Site (PS), and Rocky Point
(RP) (Fig. 5-1). Sampling consisted of duplicate 15-min bottom
trawls at all stations at 6-, 9- and 12-m depths. After each
trawl up to 50 individuals of each species were measured for
total length (TL). If more than 1,000 individuals of any
species were captured, the total number was estimated volumet-
rically. Carapace widths of up to 25 blue crabs (Callinectes
sapidus) collected while trawling were recorded after each
trawl.

The total number of fish and crabs, number of species and
the measurements of representative individuals of each species
for each trawl depth are kept on file at the Benedict Estuarine
Research Laboratory.

Samples were collected with a 7.62-m semi-balloon trawl,
modified as an otter trawl. The net had a body and cod-end of
3.17-cm stretch mesh. The cod-end inner liner was made of
1.27-cm stretch mesh. Tow speed was approximately 4 knots.
Benthic trawls do not effectively sample non-benthic species,
e.g., Atlantic menhaden (Brevoortia tyrannus), bay anchovy
(Anchoa mitchilli), or larger individuals of other species that
can outswim the net. Date, time, depth, weather conditions,
tidal stage and trawling direction (with or against tidal flow)
were recorded during each trawl.
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Figure 5-1. Fish pottom-trawling stations, showing samp-
ling sites at 6-, 9- and 12-m depths, at
Kenwood Beach (KB), Plant Site (PS) and Rocky
Point (RP) on the Chesapeake Bay near the
calvert Cliffs Nuclear Power Plant (CTCNPP),
1981.



During each sampling period, surface and bottom tempera-
ture (°C), salinity (ppt) and dissolved oxygen (mg/l) measure-
ments were made at each depth at each station. Temperature and
salinity were measured with a Beckman RS5-3 salinometer; dis-
solved oxygen (DO) with a YSI (Yellow Springs Instrument)
dissolved oxygen meter.

Statistical Analyis

Environmental Data

Bottom temperature, bottom salinity and bottom DO values
were analyzed using a three-way analysis of variance (ANOVA)
(Sokal and Rohlf, 1969) having month (January-December), depth
(6 m, 9 m, 12 m), and station (KB, PS, RP) as main effects.
The three-way interaction was used as the error term since
environmental data were measured only once for each combination
of main effects.

Major Fish Species

Representatives of bay anchovy (Anchoa mitchilli), spot
(Leiostomus xanthurus), winter flounder (Pseudopleuronectes
americanus), and Atlantic menhaden (Brevoortia tyrannus) com=-
prised 98.5% of all fish collected in 1981 bottom trawl samples
and were considered to be major species. The abundances of
these species and blue crabs (Callinectes sapidus) were
analyzed using two statistical methods. However, winter
flounder were collected infrequently and therefore were not
included in statistical analyses.

A three-way ANOVA (month, depth, and station as main
effects for the environmental variables) was used to analyze
the spatial and temporal distribution of the major speciles.
Duplicate trawls at each station-depth combination permitted
evaluation of the three-way interaction. In addition, Duncan's
multiple range test (Steel and Torrie, 1960) was used to
describe overall differences among months, stations and depths.

Tte second method ignored the spatial relationship of the
stations, but rather, characterized each trawl by a measurement
of depth, bottom temperature, bottom salinity, and bottom DO.
The abundances of the major species were treated as a function
of these four variables. Since collections were made over a
12-month period, an analysis of covariance (ANCOVA) was appro-
priate, treating months as a class variable and the four en-
vironmental parameters as 1ndependent regressor variables
(covariates). This approach allowed several questions to be
addressed:

1) was there an overall effect of bottom temperatures on
the abundance of each species in our trawl samples?




2) I1f so, was the effect positive or negative?

3) was there a significant variation over months in the
direction of the temperature effect?

4) 1f so, in what months was the effect strongly posi-
tive or negative?

The ANCOVA included both temperature and temperature X
month terms to test for significant heterogeneity in the slope
of temperature over months. If significant heterogeneity did
exist, the temperature term was deleted and the model was
analyzed using temperature X month alone, which determined the
magnitude of the temperature effect for each month. If no
heterogeneity was indicated, then the model was analyzed using
only the temperature term, and not the temperature X month
term, to determine whether there was a significant overall
temperature effect.

The number of individuals was transformed using 1ln (N+l)
to normalize the values. In addition, analyses 1included only
those months when at least 20 individuals of the fish species
under analysis were collected. Blue crab abundances were
analyzed for the period from May through November .

Results and Discussion

Physico-chemical Variables

Tables 5-1, 5-2, and 5-3 present surface and bottom values
for temperature (°C), salinity (ppt) and DO (ppm) by depth at
Kenwood Beach, Flant Site and Rocky Point, respectively.

The ANOVA of bottom temperature indicated significant
variation due to month, station and depth (Table 5-4). Bottom
temperatures were significantly higher in August than any other
month (Table 5-5). Bottom water at the Plant Site station was
significantly warmer than bottom water at Kenwood Beach (Table
5-6). However, neither of those stations was significantly
different from Rocky Point. The somewhat intermediate tempera-
tures observed at Rocky Point occurred primarily during the
colder months of January and February (Tables 5-1 through 5-3)
and would explain the marginal significance of the overall
station effect. On the average, temperatures at 6 m were
significantly higher than those at either 9 or 12 m (Table
5=7).

The ANOVA of bottom salinity (Table 5-4) indicated signif-
icant or highly significant variation due to month, station,
depth and a month X depth interaction. Salinity tended to be
higher at Rocky Point than at either Plant Site or Kenwood
Beach, which were similar to each other (Table 5-6). Further-
more, salinity was usually highest at 12 m and lowest at 6 m
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Table 5-1. Surface and bottom temperature (°C), salinity (ppt), and dissolved
oxygen (mg/l) recorded during trawling studies at Kenwood Beach
in the vicinity of the Calvert Cliffs Nuclear Power Plant by depth,
January through December 1981.

Temperature (°C) Salinity (ppt) Dissolved Oxygen (mg/1)
B S B

Depth Month S B S
January -0.5 -0.2 18.8 19.2 1.5 11.4
February 0.2 0.4 19.1 19.9 11.4 11.3
March 3.8 < 05 4 13.1 232 12.0 11.4
April 9.2 8.9 i 1.3 10.4 10.3
May 15.8 157 12.9 13.5 8.9 8.4
6 m June 23.8 23.2 135 13.0 9.7 8.3
July 25.9 25.3 13.6 14.1 y 5.4
August 27.2 26.6 16.6 17.0 6.0 3.2
September 25.6 24.6 18.8 18.6 7.5 3.6
October 19.0 18.1 19.9 19.8 8.6 8.5
November 13.9 13.4 17:5 17.9 L3 10.5
December 7.0 7] 19.4 19.2 13.0 13.1
January -0.8 -0.8 18.8 19.4 k1.3 1.3
February 0.6 0.2 19.0 20.1 11.9 11.8
March 3.3 3.7 13.1 14.2 11.9 11.4
April 8.8 8.6 17.4 17.4 10.6 10.2
May 5.7 16.0 13.0 14.1 9.1 8.6
9 m June 23:2 17.2 12.7 20.2 8.7 1.3
July 25.5 23.9 3.8 15.6 6.6 2.9
August 26.7 25.6 16.8 18.5 5.8 0.7
September 5.7 24.6 19. 1 18.8 4.8 2.8
October 8.3 8.1 20.0 20.5 18.9 19.0
November 13.6 3.5 .7 18.6 11.2 10.4
December i 1:5 19.6 19.5 13.0 16.4
January -1.0 =1.0 15.5 553 Lk SR 11.7
February 0.4 0.2 19.8 201 11.4 11.5
March 3.6 4.1 14.2 23." 11.8 9.5
April 8.4 3.2 17.4 17.5 10.5 10.4
May 15.6 14.5 £3.9 225 9.6 2.1
12 m  June 22.5 16.9 13.0 215 8.4 0.7
July 255 33 14.4 7.2 7.9 3.6
August 26.6 25.6 17.0 19.2 6.2 .
September 24.5 24.4 18.7 19.3 6.9 2.7
October 19.0 20.2 20.5 eL:7 8.9 7.8
November 13.4 13.8 17.9 20.1 10.8 9.8
December 7.4 7.4 19.8 19.9 14.6 14.6

|
|
|
|
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. Table 5-2. Surface and bottom temperature (°C), salinity (ppt), and dissolved
oxygen (mg/l) recorded during trawling studies at the Plant Site
Station in the vicinity of the Calvert Cliffs Nuclear Power Plant
by depth January through December 1981.

Temperature (°C) Salinity (ppt) Dissolved Oxygen (mg/1)
S B

Depth Month S B S B

January 0.3 0.4 19.5 19.6 11.4 11.0
February 1.8 1.7 19.4 19.5 11.8 11.4

March 4.3 4.7 13.2 14.5 12.2 1).7

April 9.2 9.0 7.3 17.4 10.5 10.5

lay 17.8 27.3 13.0 12.8 8.4 8.5

6 m June 23.2 19.8 14.2 16.5 9.2 el
July 26.6 25.9 14.9 353 4.8 4.0

August 27.8 27.8 7.3 13 * *
September 26.2 24.7 19.1 19.2 o P 4.0
October 20.0 19.8 20.0 20.0 9.2 8.0
November 16.1 14.5 17.1 17.3 12.0 11.6
December 7.6 1.6 19.8 19.8 33.3 11.0
January -0.1 -0.2 19.1 20.7 11.4 11.4
February 0.9 1.8 20.3 20.4 3 1 | 3
March 3.9 4.1 13.1 13.3 12.2 11.6
L ] April 8.9 9.3 17.3  17.3 10.4  10.4
May 15.9 15.8 13.3 14.3 9.0 8.7

9 m June 24.3 23.3 13.2 13.6 10.5 9.2
July 251 25.2 14.1 14.8 7.0 4.8

August 27.6 26.5 16.6 17.6 * *
September 26.9 24.7 18.2 19.0 4.9 3.4
October 20.1 19.4 20.0 20.0 9.0 7.8
November 14.5 13.2 17.5 18.5 12.0 10.4
December 8.5 1.5 19.6 18.9 12.4 12.2
January -0.3 -0.4 18.9 19.9 1% 11.6
February 0.2 0.4 20.1 20.1 11.2 11.2

March 3.8 3.8 3.3 21.3 117 9.4

April 9.2 8.7 17.3 17.4 10.5 10.2

May 15.9 15.0 13.6 19.4 A 3.0

12 m June 22.5 16.2 12:2 20.7 9.0 0.6
July 25.8 5 14.2 16.6 7.8 Z.5

August a7 . 25.6 17.0 19.5 6.4 0.7
September 26.6 24.7 19.2 19.0 6.9 3.9
October 19.9 19.7 20.0 20.5 9.1 7.1
November 14.4 13.6 17.1 18.8 10.9 9.8
December 73 " 20.0 19.6 11.5 1.3

|
|
|
|

*Dissolved oxygen meter inoperable.




Table 5-3.

January through December 1981.

Month

January
February
March
April
May

June
July
August
September
October
November
December

January
February
March
April
May

June
July
August
September
October
November
December

January
February
March
April
May

June
July
August
September
October
November
December

-0.
|
4,
8.

16.

22.

25+

26.

24.

19.

14.
8.

0.
L.
h.
9.

15

22.

&y

&l

24.

19.

13.
¥

=0,
|
3.
8.
1, 8
22.
&5
i
24.
20.
13,

COeSHPrNODWULDDOOOD O W OO0~~~

~NSdwWLULOoONWLONON

Temperature (°C)

=0,
| B8
4.
8.
15.
20.
24,
26.
24.
19.
33
8.

-0.
0.
4.
6.

15.

18.

22,

26.

24.

19.

14.
8.

-0.
0.
4.
6.
15.
17 .
<

9

23.
19.
14.

T

*Dissolved oxygen meter inoperable.

Surface and bottom temperature (°C), salinity (ppt), and dissolved
oxygen (mg/l) recorded during trawling studies at Rocky Point in
the vicinity of the Calvert Cliffs Nuclear Power Plant by depth,
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Table 5-4. Results of 3-way ANOVA of bottom temperature, bottom
‘ salinity, and bottom dissolved oxygen levels recorded
during trawl studies in the vicinity of Calvert Cliffs
Nuclear Power Plant, 1981. (a = 0.05)

Bottom
Bottom Bottom Dissolved
Temperature Salinity oxygen
Effect DF SS P SS 4 SS P

Month 11 8618.3 0.0001 212.2 0.0001 1596.7 0.0001

Station 2 13.7 0.0317 18.5 0.0134 5.8 0.3373

Depth 2 18.8 0.0100 123.9 0.0001 42 .4 0.0010

M XS 22 35.6 0.6152 48 .8 0.3467 68.1 0.3109

MXD 22 56.8 0.1651 148.5 0.0002 93.0 0.0874

S XD 4 8.9 0.3167 10.9 0.2506 9.1 0.4889
. Co;‘(r)igied 107 8832.8 648.7 1930.5

5-8



Table 5-5. Duncan's multiple range test comparisons among months
of bottom temperature, bottom salinity, and bottom
dissolved oxygen levels during trawl studies in the
vicinity of Calvert Cliffs Nuclear Power Flant, 1981.
Means with the same letter were not significantly

different.
Bottom Bottom Bottom

Month Temperature Salinity Dissolved Oxygen

X Group X Group X Group
JAN -0.22 H 19.22 ABC 11.37 AB
FEB 0.69 H 20.13 A 11.62 AB
MAR 4.04 G 17.39 ED 10.72 BC
APR 8.23 F 18.30 BCD 10.01 BC
MAY 15.73 D 15.50 F 7.27 D
JUN 19.23 C 18.09 CD 3.62 E
JUL 24.12 B 16.43 EF 3.34 E
AUG 26.18 A 18.34 BCD 0.89* F
SEP 24 .54 B 19.38 ABC 3.51 E
oCT 18.17 C 20.36 A 9.19 C
NOV 13 .83 E 18.56 BCD 10.60 BC
DEC 7.78 F 19.71 AB 12.62 A

*12-m depth only

5=9



Table 5-6.

Duncan's multiple range test comparisons among sta-
tions of bottom temperature, bottom salinity, and
bottom dissolved oxygen levels during trawl studies in
the vicinity of Calvert Cliffs Nuclear Power Plant,
1981. Means with the same letter were not signifi-
cantly different.

Bottom Bottom Bottom
Station Temperature Salinity Dissolved Oxygen

X Group X Group X Group
Kenwood Beach 13.1 B 18.3 B 8.2 A
Plant Site 14.0 I 18.1 B 7.8 A
Rocky Point 13.95 AB 19.0 A Tel A




‘ Table 5-7.

Duncan's multiple range test comparisons among depths
of bottom temperature, bottom salinity, and bottom
dissolved oxygen levels during trawl studies in the
vicinity of Calvert Cliffs Nuclear Power Plant, 1981.
Means with the same letter were not significantly
different.

Bottom Bottom Bottom
Depth Temperature Salinity Dissolved Oxygen
X Group X Group X Group
6 m 7 A 17.3 c 8.5 A
9 m 33.3 B 18.2 B 8.2 A
12 m 23.2 B 19.9 A 7.0 B




although the high.y significant month X depth interaction
demonstrates that variation with depth was not consistent over
months (Tables 5-5 and 5-7).

Bottom DO concentrations varied significantly over months

and depths (Table 5-4). While DO levels were similar at the 6
and 9 m depths, they were much lower at 12 m (Table 5-7).

Community Composition

Dominant species at each station were bay anchovy (Anchoa

mitchilli), spot (Leiostomus xanthurus), winter flounder
(Pseudopleuronectes americanus), Atlantic menhaden (Brevoortia
tyrannus), Atlantic croaker (Micropogonias wundulatus) and

weakfish (Cynoscion regalis) (Table 5-8). These species made
up at least 98.9% of the total catch at each station and 99.4%
of the total catch at all stations combined.

Station Abundance

Total numbers of fish collected during the year by depth
and station are presented in Table 5-9. Total numbers at all
depths combined at the Plant Site were similar to those at
Rocky Point and both were lower than Kenwood Beach. At the 6-m
depth, totals were lowest at the Plar. Site; totals at Kenwood
Beach and Rocky Point were similar. At the 9- and 12-m depths,
totals were lowest at Rocky Point.

Total numbers of finfish collected at each depth are
presented by station and month i1n Tables 5-10 through 5-12. At
the 6-m depth the majority of fish were collected from May
through November (Table 5-10). Few fish were collected from
January through April and in December. This pattern is con-
sistent with previous studies. Largest numbers at the 9-m
depth (Table 5-11) occurred from May through November, except
June when totals at all stations were low. Totals at the 9-m
depth at Rocky Point were also low during August and September.
At the 12-m depth (Table 5-12) at all stations, the majority of
fish were collected from September through December. During
1981, the 6-m depth generally yielded the highest totals and
the 9-m depth the lowest (Plant Site had lowest totals at 6 m
depth).

The total number of each species collected during the year
is presented by station and depth in Table 5-13. At the 6-m
depth, the largest number of species (Table 5-14) was collected
at the Rocky Point station. Specles collected only at Rocky

Point at the 6-m depth were: blueback herring (Alosa
aestivalis), striped anchovy (Anchoa hepsetus), lizardfish
(Synodus foetens), threespine stickleback (Gasterosteus

aculeatus), northern pipefish (Syngnathus fuscus), sand lance
(Ammodytes americanus) and windowpane (Scophthalmus aquosus).
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Table 5-8. Abundance and percent of total catch represented
by each of the six most abundant species collect-
ed, by station, during trawling studies in the
vicinity of the Calvert Cliffs Nuclear Power

Plant,

1981.

Species Kenwood Beach Plant Site  Rocky Pecint Total
Anchoa mitchilli E 48,948 31,628 32,49% 113,070
4 92.1 77.4 80.0 84.0

Lelostomus xanthurus = 2,899 7,560 5,203 15,662
y 4 8.5 18.5 12.8 11.6

Pseudopleuronectes a 163 616 1,624 2,403
americanus % 0.3 1:5 4.0 1.8
Brevoortia tyrannus “ 909 8l 431 1,421
% 0.2 | ! o

Micropogonias undulatus # 46 611 101 758
% 0.1 1.5 0.2 0.6

Cynoscion regalis £ S1 112 325 488
) 4 <0.1 0.3 0.8 0.4

Remaining species “ 133 230 438 801
% 0.3 0.6 1.1 0.6
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Table 5-9. Total number of fish collected, by station and depth,
during trawling studies at the Calvert Cliffs Nuclear

Power Plant, 1981.
Depth
Station 6 m 9 m 12 m Total
Kenwood Beach 25,266 13,340 14,543 53,149
Plant Site 8,901 12,104 19,833 40,838
Rocky Point 21,341 8,276 10,999 40,616
Total 55,508 33,720 45,375 134,603




Table 5-10. Total numbers of fish collected at the 6 m depth, by

. station and month, during trawling studies in the
vicinity of the Calvert Cliffs Nuclear Power Plant,
1981.
Month Depth Stations
Kenwood Beach Plant Site Rocky Point
Jan €m 0 1 3
Feb 6 m 0 3 3
Mar 6 m 2 3 0
Apr 6 m 1 0 299
May 6 m 1710 613 5573
Jun 6 m 1174 190 1427
Jul 6 m 2886 3587 3635
[ 3 Aug 6 m 11,859 883 407
Sep 6 m 4158 3236 5857
Oct 6 m 2100 358 4087
Nov 6 m 1376 22 50
Dec 6 m 0 5 0
Total 25,266 8901 21,341
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Table 5-11. Total numbers of fish collected at the 9 m depth, by

‘ station and month, during trawling studies in the
vicinity of the Calvert Cliffs Nuclear Power Plant,
1981.
Month Depth Stations
Kenwood Beach Plant Site Rocky Point
Jan 9 m 9 6 5
Feb 9 m 0 0 3
Mar 9 m 12 5 11
Apr 9 m 0 98 114
May 9 m 2676 2220 925
Jun 9 m 72 19 197
Jul 9 m 1326 4053 106
. Aug 9 m 653 569 1
Sep 9 m 6344 4747 3
Oct 9m 607 204 1668
Nov 9 m 1507 182 4692
Dec 9 m 134 1 551
Total 13,340 12,104 8276




Table 5-12. Total numbers of fish collected at the 12 m depth, by

' station and month, during trawling studies in the
vicinity of the Calvert Cliffs Nuclear Power Plant,
1981. ;
Month Depth Stations
Kenwood Beach Plant Site Rocky Point
Jan 12 m 21 12 10
Feb 12 m 2 2 1

Mar 12 m 5 27




81-6

Table 5-13. Total number of each species collected, by depth and station, during
trawling studies in the vicinity of the Calvert Cliffs Nuclear Power
Plant, 1981.
Kenwood Beach Plant Site Rock*

Species 9 m 12 m m Total
Rhinoptera bonasus 0 0 0 1 0 0 0 G 1
Anguilla rostrata 0 0 0 1 0 0 1 0 2
Alosa aestivalis 0 5 9 0 2 5 179 kl 217
Alosa pseudoharengus 0 2 Ki 1 2 10 2 1 32
Alosa sapidissima 0 0 0 0 0 0 0 1 2
Brevoortia tyrannus 3 213 3 43 4 34 368 8 1,421
Dorosoma cepedianum 0 0 1 4 0 1 0 0 3
Anchoa hepsetus 0 0 o 0 2 0 2 1 106
Anchoa mitchilli 8 11,965 5 0 2 17,856 14,331 8 113,070
Synodus foetens 0 0 0 0 0 0 2 0 2
Opsanus tau 0 0 1 32 1 8 10 3 3 61
Cobiesox strumosus 0 1 0 1 1 0 0 0 0 3
Urophycis regius 0 0 0 0 0 S 0 1 4 10
Menidia beryllina 0 0 1 0 0 0 0 0 0 1
Menidia menidia 2 2 0 2 1 2 0 2 2 13
Gasterosteus aculeatus 0 0 0 0 0 0 1 0 0 1
Syngnathus fuscus 0 0 1 0 1 1 1 3 1 8
Prionotus carolinus 0 0 0 1 0 1 1 0 0 3
Morone americana 0 9 3 0 9 2 0 1 1 20
Morone saxatilis 0 1 0 0 0 0 0 1 0 2
Pomatomus saltatrix 0 0 0 0 0 3 0 0 0 3
Cynoscion regalis 0 12 39 0 28 84 0 34 291 488
Leiostomus xanthurus $ 1,036 548 4 41 1,185 4,787 107 309 15,662
Micropogonias undulatus 0 8 38 1 1 609 0 23 78 758
Hypsoblennius hentzi 0 1 2 1 0 0 0 0 0 4
Chasmodes bosquianus 1 0 0 0 0 0 0 0 0 1
Ammodytes americanus 0 0 0 0 0 0 1 0 0 1
Gobiosoma bosci 0 0 0 0 0 1 0 0 0 1
Peprilus alepidotus 16 18 4 0 7 9 2 6 5 67
Paralichthys dentatus 7 12 9 7 8 12 23 12 13 103
Scophthalmus aquosus 0 0 0 0 0 0 1 0 0 1
Pseudopleuronectes

americanus 116 47 0 47 4 1,616 3 5 2,403
Trinectes maculatus 8 8 0 9 1 13 4 9 133
Total # Fish Collected 13,340 14,543 8,901 19,833 21,341 134,603
Total for Station 53,149
Callinectes sapidus 231 102 252 2,622




. Table 5-14. Total number of species collected, by depth and station,
during trawling studies in the vicinity of the Calvert
Ccliffs Nuclear Power Plant, 1981.

Depth Stations
Kenwood Beach Plant Site Rocky Point
6 m 9 15 18
9 m 16 17 19
12 m 15 20 19
Total 21 25 26
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Species collected solely at the 6-m depth at the Plant Site
were the cow-nose ray (Rhinoptera bonasus), skilletfish
(Gobiesox strumosus), Atlantic croaker (Micropogonias
undulatus) and feather blenny (Hypsoblennius hentzi). Striped
blenny (Chasmodes bosquianus) was the only species collected
solely at the 6~-m depth at Kenwood Beach.

At the 9-m depth, the largest number of species was col-
lected at Rocky Point (19), the lowest at Kenwood Beach (16).
Species collected solely at the 9-m depth at Rocky Point were
American shad (Alosa sapidissima) and spotted hake (Urophycis
regius). No species were collected only at the Plant Site at
the 9-m depth. Feather blenny (Hypsoblennius hentzi) was the
only species collected at the 9-m depth solely at Kenwood
Beach.

The Plant Site station yielded the largest number of
species collected at the 12-m depth (20), Kenwood Beach the
lowest (15) (Table 5-14). Species collected at the 12-m depth
only at the Plant Site were northern searobin (Prionotus
carolinus), bluefish (Pomatomus saltatrix), and naked goby
(Gobiosoma bosci). Species collected at the 12-m depth only at
Rocky Point were American shad (Alosa sapidissima) and striped
anchovy (Anchoa hepsetus). Tidewater silverside (Menidia
beryllina) and feather blenny (Hypsoblennius hentzi) were the
only species collected at the 12-m depth solely at Kenwood
Beach.

Analyses of blue crab (Callinectes sapidus) catch data
(Tables 5-15, 5-16, and 5-17) indicated significantly higher
numbers of blue crabs were collected at the 6-m depth

(p<0.0001). Furthermore, significantly more individuals were
collected at the Plant Site station, but this trend was not
consistent at all depths. Approximately five times as many

blue crabs were collected 1in 1981 (2622) as compared to 1980
(446) (Hirshfield and Hixson, 1981).

ANCOVA of blue crabs indicated no significant overall
effects of environmental variables. However, in the months of
August and November the effect of temperature was marginally
significant and positive (p<0.04 and p<0.05, respectively).

Major Finfish Species

Anchoa mitchilli - Bay anchovy

The ANOVA of bay anchovy abundances indicated that month
and depth and all of their interactions were highly significant
(p at least <0.005) but station and the three-way interaction
were not significant (Table 5-18). Significantly fewer an-
chovies were collected at 12 m than at 6 or 9 m (Table 5-19);
however, these differences were not consistent over months.
Greatest numbers of anchovies were collected from September
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Table 5-15. Numbers of blue crab (Callinectes sapidus) collected,
by sex, depth and station, during bottom trawling
studies in the vicinity of the Calvert Cliffs Nuclear
Power Plant, 1981.

Depth Sex Kenwood Beach Plant Site Rocky Point
6 m ¢ 59 378 107
v 80 148 145
9 m a 97 147 73
Q 134 219 141
12 m ¢ 31 50 48
Q 26 52 113
Total 427 1568 627
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‘ Table 5-16. Three-way ANOVA of abundance of blue crabs collected
during trawling studies in the vicinity of Calvert
Cliffs Nuclear Power Plant, 198l1. (a = 0.05)

Effect df SS
Month 0.
Station 0.
Depth 2 22.5 0.0001
M XS 12 24.9 0.0062
MXD 12 53.3 0.0001
S XD 4 16.3 0.0011
MXS XD 24 36.0 0.0209
Corrected

Total 125 270.2
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Table 5-17.

Duncan's multiple range test comparisons among
months, stations and depths of blue crab
abundances during trawling studies in the vi-
cinity of Calvert Cliffs Nuclear Power Plant,
1981. Means were calculated using log-trans-
formed data: 1ln (N + 1). Means with the same
letter were not significantly different.

Group Stations X Group Depth

SEP

N NN

.65
«33
.18

Kenwood Beach 1.52

Plant Site

Rocky Point 1.93 B 12 m 1.44 c

058500’
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Table 5-18. Three-way ANOVA of major fish species collected during trawling
studies in the vicinity of Calvert Cliffs Nuclear Power Plant,
1981. («a 0.05)
Effect Bay Anchovy Spot Atlantic Menhaden
DF SS P DF SS P DF SS P
Month 8 255. 0.0001 5 106.7 0.0001 a2 21.7 0.0017
Station 2 2. 0.6268 2 43.9 0.0001 2 3.5 0.2365
Depth 2 3z 0.0053 2 5.3 0.1939 2 238 0.0001
M XS 16 205. 0.0001 10 45.1 €.0023 6 i T 0.1245
M XD 16 443. 0.0001 10 224 .4 0.0001 6 28.4 0.0034
S XD 4 104. 0.0001 4 -4 g | 0.0032 4 14.7 0.0264
MXSXD 32 133. 0.1022 20 64 .4 0.0136 12 28.3 0.0527
Corrected
Total 161 1413. 107 601.6 71 185.2

—




Table 5-19. Duncan's multiple range test comparisons among depths
. of major fish species collected during trawling
studies in the vicinity of Calvert Cliffs Nuclear
Power Plant, 1981. Means were calculated using log-
transformed data: 1In (N + 1). Means with the same
letter were not significantly different.

Depth Bay Anchovy Spot Atlantic Menhaden
X Group X Group X Group
6 m 4.25 A 2.54 A 1.96 A
9 m 4.18 A 2.94 A 0.45 B
12 m 3.27 B 2.44 A 0.56 B
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through November (Table 5-20) and no specimens were collected
January through March.

ANCOVA of bay anchovies determined significant heteroge-
neity in the effects of temperature over months. The final
model included month, dissolved oxygen concentration, salinity,
depth and temperature within months and explained 78.4% of the
variation in anchovy abundances. The overall effect of temper-
ature within months was highly significant (p<0.0001). In
September and December the effect was significant and positive
(September: p<0.0002; December: p<0.005). April was the only
month that showed a significant negative effect (p<0.02).

Lelostomus xXanthurus - spot

The ANOVA of spot abundances (Table 5-~18) showed all main
effects (except depth) and their interactions were significant
(p at least <0.02)._ Spot tended to be most abundant at the
Plant Site station (x = 3.49); abundances at Kenwood Beach and
Rocky Point (x = 2.46 and 1.96, respectively) were lower and
similar to each other (Table 5-21). However, in three of the
s1x months for which spot abundances were analyzed, more speci-
mens were collected at Rocky Point (May and October) or Kenwood
Beach (November). The significant station X depth interaction
resulted because the lowest number of fish at Rocky Point were
collected at 9 m, whereas the fewest fish at Kenwood Beach and
Plant Site were collected at 12 m.

ANCOVA of spot abundances showed significant heterogeneity
in the effects of temperature over months. The final model
included month, depth, bottom dissolved oxygen, bottom salin-
ity, and bottom temperature within months. This model ex-
plained 74.5% of the variation in spot abundance. Only in July
was there a significant temperature effect, and it was positive
(p<0.0007). In addition, the effect of depth was significant
and positive (p<0.001). The effect of salinity was significant
but negative, indicating that more spot were collected in lower
salinity waters. Finally, the effect of DO was weakly signifi=-
cant (p<0.05) and negative.

Brevoortia tyrannus - Atlantic menhaden

ANOVA of menhaden abundances (Table 5-18) in d a
significant or highly significant effect of month, dept.. snth
X depth, and station X depth (p<0.002; p<0.0001; p<0.004;
p<0.03, respectively). More menhaden were collected at 6 m (X
= 1.96) than at 9 or 12 m (x = 0.45 and 0.56, respectively)
(Table 5-19). Although menhaden were more or less uniformly
distributed over stations (Table 5-21), the weakly significant
station x depth effect was caused by high abundances at 12 m at
Rocky Point in April.

ANCOVA of menhaden abundances i1indicated significant
heterogeneity in temperature effects over months. The final
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Table 5-20. Duncan's multiple range test comparisons among months
of major fish species collected during trawling
studies in the vicinity of Calvert Cliffs Nuclear
Power Plant, 1981. Means were calculated using log-
transformed data: 1n (N + 1). Means with the same
letter were not significantly different.

Month Bay Anchovy Spot Atlantic Menhaden
X Group X Group X Group

JAN * . *

FEB * * *

MAR * * *

APR 2.13 3 * 0.42 B
MAY 3.23 CDE 4.28 A 1.26 A
JUN 3.65 CD * *

JUL 4.07 Cc 3.65 A 1.76 A
AUG 2.98 CDE g BC 0.52 B
SEP 5.09 AB 1.56 C *

OCT 5.51 A 1.83 BC *

NOV 5.88 A 2.48 B *

DEC 2.59 DE * *

* Insufficient numbers collected to warrant statistical analysis.



Table 5-21. Duncan's multiple range test comparisons among sta-
tions of major fish species collected during trawling
studies in the vicinity of Calvert Cliffs Nuclear
Power Plant, 1981. Means were calculated using log-
transformed data: 1n (N + 1). Means with the same
letter were not significantly different.

Station Bay Anchovy Spot Atlantic Menhaden
X Group X Group X Group
Kenwood Beach 4.08 A 2.46 B ) el (. A
Plant Site 3.85 A 3.49 A 0.68 A
Rocky Point 3.77 A 1.96 B 1.18 A
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‘ model included month, depth, bottom dissolved oxygen, bottom
salinity, and bottom temperature within months. This model
explained 54.6% of the variation 1in menhaden abundances. The
effect of temperature was significant and negative in April and
August, but was not significant in any other month. The effect

of depth was significant (p<0.02) and negative.

Conclusions

puring 1981, the Plant Site station had significantly
higher bottom temperatures than Kenwood Beach. Mean tempera-
tures at Rocky Point were intermediate in value and were not
significantly different from the other stations. Salinity was
significantly higher at Rocky Point than at either Kenwood
Beach or the Plant Site. However, salinity was somewhat lower
at the Plani Site than at Kenwood Beach but that difference was
not statistically significant. Dissolved oxygen was similar
among all stations. Crabs were most abundant at 6 m at the
Plant Site station. Approximately five times as many crabs
were collected during 1981 trawling studies as were collected
in 1980. The distribution of crabs was independent of the
selected environmental variables. Spot were significantly more
abundant at the Plant Site station, anchovies were intermediate
and menhaden least abundant. However, difference in distribu-
‘ tions among stations was not significantly different for
anchovy or menhaden. There is no evidence to suggest that
plant operation had a consistent effect on fish distributions
in the vicinity of Calvert Cliffs.
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BLUE CRAB STUDIES

George R. Abbe

Benedict Estuarine Research Laboratory
Academy of Natural Sciences of Philadelphia

Introduction

For nearly a century the blue crab, Callinectes sapidus,
has been the basis of an important commercial fishery in the
Chesapeake Bay and its tributaries. During the past 40 years
the annual catch has averaged nearly 60 million pounds valued
at more than 3 million dollars. From 1965 to 1975 the average
annual catch increased to almost 72 million pounds valued at
7.5 million dollars, but reduced catches in the late 1970s
decreased the average annual catch from 1968 to 1978 to 60.4
million pounds (U. S. Fish and Wildlife Service, 1970a, b;
National Marine Fisheries Service, 1972-1979a, b). Dockside
value, however, continued to increase and catches averaged 8.7
million dollars annually for this period. Reported landings
for 1979 totaled 59.5 million pounds valued at 13 million
dollars (National Marine Fisheries Service, 1980 and 198l1), and
increased to 64.5 million pounds worth 14.8 million dollars in
1980 (from unpublished monthly landings issued by the Resource
Statistics Division of the National Marine Fisheries Service).

The size of the 1981 crab population in Chesapeake Bay was
predicted by W. Van Engel of the Virginia Institute of Marine
Science to be the lowest in 20 years (Hirzel, 1980). Van Engel
based this prediction on heavy rainfall and subsequent runoff
in late 1979 which he believed eliminated many larvae and
juveniles from the lower Bay. His sampling in the lower Bay in
late 1979 indicated only about one-tenth the number of juve-
niles seen the year before. It was these crabs which would
make up much of the commercial catch in late 1980 and early
1981 according to Van Engel. However, recent investigations
(Sulkin, 1981) indicate that most crab larvae normally move out
of the lower Bay, where they are spawned, into a nursery area
in the Atlantic. Therefore, sampling only the lower Bay to
estimate the next year's population would not provide data
representative of distributions throughout the entire area
inhabited by larval and post-larval blue crabs; thus, estimates
of abundance for the following year could be quite low.

In addition to being one of the most abundant commercial
species of the Chesapeake Bay, the blue crab is also one of the
most tolerant of a wide range of salinities and temperatures.
Tagatz (1969) has shown that at salinities slightly lower than
those at Calvert Cliffs, 50% of the crabs acclimated to 22°C
will survive 48 h at a temperature of 36.9°C. Burton (1978)
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has also demonstrated high thermal tolerance in blue crabs.
Since maximum temperatures near the discharge of the Calvert
cliffs Nuclear Power Plant (CCNPP) are several degrees below
this (Naiman, Hixson, and Capizzi, 1978), it seems reasonable
to assume that crabs would not be killed by heated effluents
discharged from the plant. However, sublethal temperatures may
affect distribution of the population, so that numbers of
crabs, or their sizes or sex ratios may be changed from normal
distribution patterns. Because fluctuations in the annual
abundance of blue crabs are common (Pearson, 1948; Van Engel,
1958; Tagatz, 1965; Abbe, 1973), this study was designed to
examine the abundance, seasonality, sex ratios, and size-
frequency distribution of the crab population in the vicinity
of the CCNPP over several years, and to ascertain whether any
significant changes in these factors might result from the
plant's operation.

Materials and Methods

Program Design

Commercial techniques (Van Engel, 1962) and crab pots of
25-mm (l-in) mesh were used to sample the crab population at
Kenwood Beach (KB), the Plant Site (PS), and Rocky Point (RP)
(Fig. 6-1) from early May until late fall, when ccld tempera-
tures reduced crab activity so that they could no longer be
caught with pots. In 1981 crabbing continued through the first
week of December. Most commercial pots have 38-mm (l%-1in) mesh
and will generally not hold crabs smaller than 76 mm (3 1n) in
width. However, the smaller mesh used in this study allowed
some crabs less than 51 mm (2 in) wide to be caught.

Pots were fished every other week throughout the season.
puring those weeks, five pots were fished for four days at each
station (weather permitting). Pots were set in 2-4 m of water
and baited daily with menhaden.

Bottom temperature, salinity and dissolved oxygen (DO)
concentrations were measured daily at each station during the
weeks fished. Temperature and salinity were determined with a
Beckman RS5-3 portable salinometer, and DO concentrations were
measured with a YSI Model 57 dissolved oxygen meter.

The following information was derived from the catch:

Total number of crabs

Number of pots fished

Mean number of crabs per pot

Percent of total caught at each station
Total weight (kg)

Mean weight per crab (g)

Number of legal-size crabs (2127 mm)
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6-1. Locations of crab pots at Kenwood Beach (KB),
Plant Site (PS), and Rocky Point (RP) in Chesa-
peake Bay near the Calvert Cliffs Nuclear Power
Plant from 1968 to 1981.
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Number of non legals (<127 mm)

Percent legal-size crabs

Mean number of legal-size crabs per pot
Mean width across lateral spines (mm)
Number of male crabs

Number of female crabs

Percent male crabs

Statistical Analysis

some of the variables of this study were analyzed using a
blocked analysis of variance design with the following model:

y=p+ta+pte

where y = response variable
p = overall mean
a = station effect
B = date effect
and ¢ = random error.

The responses analyzed by this procedure were:

log (number of crabs + 1/number of pots)
log (number of males + l/number of pots)
log (number of females + 1l/number of pots)
log (number of legal crabs + 1l/number of pots)
Total weight of males/number of pots

Total weight of females/number of pots
Total weight of crabs/number of pots
Arcsin (J/percent males)

Mean width of males

Mean width of females

Mean width of total crabs

HOOVWRIOOWUMEWN -

—

Results and Discussion

1981

Although a small commercial catch had been predicted, 1981
turned out to be a year of huge catches. Van Engel predicted
that commercial crab landings from Maryland and Virginia would
total only about 40 million pounds from September 1980 to
August 1981 (Hirzel, 1980), and based on the number of sub-
legal crabs observed in the Calvert Cliffs area from September
to November 1979 (114 of 1578 or 7.2%), a poor year 1in 1981
appeared likely.

There was, however, a tremendous 1980 year class which was
first indicated to us by thousands of dead crabs (20-30 mm
carapace width) on the beach at Dares Beach, Maryland, during
the winter of 1981. At that time the size of this population
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Bay-wide was unknown, and also, whether the small crabs would
grow enough during the season to be of commercial significance.

The 1981 study at CCNPP resulted in the largest number of
crabs caught during the 14 years that these studies have been
conducted. The total for 1981 was 15,106 crabs (Table 6-1),
more than 2.6 times the highest yearly catch made from 1968 to
1980 (Table 6-2). The season began with small catches (Fig.
6-2), and through early June, the prediction of a poor year
appeared correct. These early-season crabs were from the 1979
year class and about 60% of them were legal size in May (Fig.
6-3). But as the 1979 year class ran its course and was re-
placed by the 1980 year class, the percentage of legal-size
crabs decreased to less than 20% in mid-June. As the low point
for legal-size percentage was reached, the number of crabs
caught per pot began to increase rapidly, from more than 10 in
mid-June, to near 20 in mid-July to over 30 in mid-August (Fig.
6-2). The number of legal-size crabs climbed much more slowly
than total crabs as it depended on the growth of individuals.
As shown 1n Fig. 6-4 the number of legal-size crabs per pot
(averaged across three stations) did not reach 10 until late
July, 20 was reached 1n October, and 30 was approached in
November .

The rapid increase 1n numbers of crabs by mid-June may
have been enhanced by rapidly rising water temperatures from
mid-May to mid-June (Fig. 6-5). Warmer temperatures would have
resulted in greater metabolic activity and faster growth of
crabs. Thus very small crabs would become available to the pot
fishery earlier than they would have under cooler conditions.
After June, temperatures were almost stable until August when
they began a gradual 4-mo decline. This temperature pattern
was in sharp contrast to that observed in 1980 (Abbe, 1981),
when the temperature rose gradually until August and then fell
fairly rapidly.

Tables 6-3 through 6-6 list the number and weight by sex
of crabs caught each week 1n 1981. Weekly station means (crabs
per pot) showed a rapid rise during June, July and August to a
peak of about 31, followed by a decline and a second period of
increases during August, September and October until a second
peak 1in early November reached a level slightly above the
August peak. During November, as temperatures fell, the catch
per pot dropped sharply (Figs. 6-2 and 6-5).

The total number of cra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>