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Nekton data collected in 1982 provide further documentstion that
upriver areas abdove Snow's Cut serve as nursery grounds for many selected
species. Fish and shellfish utilizing these areas are situsted avay from
the plant. 1The catch of total organisms for 1982 was the highest of the
past four years. Manhaden, bay anchovy, spot, croaker, pink shrisp, and
vhite shrimp were also caught in better than average numbers, while veak~
fish, brown shrimg, and southern rlounder numbers were about average, and

only pink shrimp numbers declined,

Impingement was much higher during Januvary and June (han the other
months due to low water temperatures and low salinities. Inpingement was
lower than in past years during the last half of tle year beciuse of
reduced flows and construction of the diversion structure. In mid-
November, the diversion structure was compleéted, and Decenmber's impinge~
ment was the lowest ever recorded for that month, In addition to
reducing overall impingement, the diversion structure will also eliminate
periods of heavy impingement due to reduced water temperatures and

salinities.

The biological monitoring studies continue to show that larvae of
the commercially {mportant offshore spawners are able to enter the
estuary, distribute to their preferred nursery ground,, and mature in the
tidal creeks and upstream nursery areas without being affected by plant

operations.
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1.0 INTRODUCTION

In early January 1981, Carcolina Power and Light Cowmpany (CP&L) suc~
cessfully reached an agreement with the North Carelina Division of
Environmental Management (DEM) and the U, §, Environmental Protection
Agency (EPA) which elinminated the need for construction of cooling towers
at the Brunswick Steam Electric Plant (BSEP) near Southport, North
Carolina, One stipulation of the agreement was that bdiological meni-
toring be continued that would provide sufficient information to allow
for a continuing assessment of the {wmpact of the BSEP on the Cape Fear
Estuary (CFE) with particular emphasis on the marvine fisgheries. With
some modification this biological monitoring requirement is a continu=
ation of research that had been conducted on the CFE by various investi~
gators since 1976 and 48 a result, some programs in this report will
Aiscuss trends from 1976 to 1982, The 1981 BSEP Annual Biclogical
Monitoring Report (CPEL 1982) contains more detailed sampling methodology

and station descriptions than are included in this report.

The various segments of the 1982 RSEP Biological Monitoring Program
#re outlined in Tadle 1.1. The river larval fish and entrainment pro=
grems use relative seasonal abundance data to monitor and assess the

larval cropping rates by the BSEP,

The discrete depth program defines peak winter larval densities by
depth, tide, and photoperiod to better evaluate the movement of larval

fish in the Cape Fear River (CFR).

The nekton and high marsh programs use relative seasonal abundance,
species composition, and relative size distridbution data to monitor popu=
lations of fish and shellfish in the CFE, while the impingement progranm
uses the same types of data to Adetermine cropping rates of juveniles and

adults from these populations by the BSEP,
The study periods evaluated in this report Aiffer dy program. The

river larval fish and entrainment programs report on data collected from

September 1981 through Aupust 1982 to better correspond to periods of
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larval recruitment, while the nekton, high marsh, and impingement pro=

grams report on data collected from January through December 1982,

The stations sampled by each program ae shown in Figures 1.1 and
1.2, Figure 1.1 contains the sawpling locations for the river larval
fish, discrete depth, and entrainment programs. The river larval fish
stations <ere yrouped into four ad jacent areas (A, B, C, and D), distin-
guished primarily by salinity, to permit analysis of the spatial distri~
butions of larvae and postlarvae as they moved through the cstuary. The

stations vere grouped as follows:

Area Stations
A = Lover Egtuary 11 (Dutchman Creek)
18 (Buoy 15)
B =~ Mouth of the Intake Canal 24 (Walden Creek)
25 (Buoy 19)
C - Middle Estuary 37 (Buoy 27)
D = Upper Estuary 34 (Buoy 38)

41 (Buoy 42)

Figure 1.2 shows the high marsh and nekton sampling locations.
Because several stations were sampled in each creek by the high marsh
program, the entire creek is designated as a sampling area. A more de~
tailed 1llustration of specific sampling locations within these areas can
be found in the last annual report (CP&L 1982).

A list of fish and shellfish on which analyses were performed is
presented by program in Table 1.2. The majority of these are recre-
ationally and/or commercially impoertant species and with few exceptions
are ocean~spawned. The others are used for analysis because they occur
in large numbers within the estuary and are considered indicators of
estuarine conditions. Data were analyzed using analysis of variance
(ANOVA) and Duncan's multiple range test. Logyg (density + 1) (river
larval fish and discrete depth), logjp (density + 10) (eatrainment),

logjp (CPUE + 1) (high marsh and nekton), and logyg (number + 1)
(impingement) was used in the analysis. The effects tested were year,
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2.0 WATER QUALITY

2.1 Ioptroduction

This water (o« !t/ Fit eram was initiated in Janvary 1982, The
purpose of this , a¢t @ war 4 supplement water tewperature and salinity
data for the lapcl’ v ekton, and high marsh prograwms. Water
temperature and salinity weasur jents were collected weekly at selected
stations, thus eliminating gaps {n water quality data that have occurred

in past years.

2.2 Saumpling Stations

Water quality sampling stations were located in the CFR channel at
buoys 15, 19, 25, 29, 35, 38, and 42, Station 11 was located in
Dutchman's Creek and station 24 was located in Walden Creek. These nine
vater quality siations were sampled weelkly beginning {n January 1982.
Water quality data is also reported for each of the 39 stations in the
CFE (Figures 1.1 and 1.2).

2.3 Methods

Surface and Dbottom temperature and salinity measurements were
recorded at each site, vhen visited. Surface gamples were collected with
a bucket and bottom samples were collected with a 2 liter Kemmerer water
sampler. Temperature was measured in degrees Celsius (°C) using a Yellow
Springs Instruments Model 43TD Telethermometer. Salinity was measured in
parts per thousand (ppt) with an American Optical Model 10419

Refractometer.

Rottom salinity values were plotted for the water quality data from
all sampling stations in the CFE from Seprember 1981 through December
1982 (Figure 2.1). Stations are listed from the uppermost at Alligator
Creek down through the stations in Baldhead Creek. Observed values were
placed into a range with 5 ppt increments. A different shading wce given
to the range of values and this shading plotted for each station.
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Average wveekly temperature values were plotted for the same period
(Figure 2.2).

2.4 Resulits and Discussion

A major puriod of freshvater flow occurred beginning around the
firet of January 1982, Low salinity (0«5 ppt) was recorded as far down
as buoy 29 and from all of the stations in Walden Creek (Figive 2.1).
fhis occurred after a period of low flow in the fa.l of 1981 when
salinities reached 16 ppt as far up the river as Mott's Bay on
October 11, 1981, Salinity this high was not seen again for forty-six
veeks. A second period of freshwater flow was ncted on June 22, 1982,
Low salinity (0~9 ppt) vas recorded from stations 42 to station 25 in the
CFR and ‘n Walden Creek (Figure 2.1)

Water temperature variations be.ween stations was smsll; therefore,
an average weekly wvater temperaturs was used (Figure 2.2). A minimum
temperature of 3.0°C was recorded on January 15, 1982 with a maximum of
30.0°C recorded on July 27, 1982.
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3.0 LARVAL/POSTLARVAL FISH

3.1 Introduction

The majority of fish larvee collected from the CFE was spawned off-
shore and carried by currents to the mouth of the CFR. By uti{lizing a
net upstream flow along the bhottom, they were carried into the estuary
and established residence. Previous studies have shown two periods of
abundance of fish larvar» in the CFE (Copeland et al. 1979; CP&L 1982).
One peak occurs from December through April (winter) amd the other from
May through August (summer). The river larval fish and entrainment pro=
grams utilize relative seasonal abundance data to monitor and assess
larval croppiug rates by the BSEP. The discrete depth program defines
peak winter larval densities by depth, tide, and photoperiod to better

evaluate the movement of larval fish,
3.2 Methods
3.2.1 Sample Collection
The larva)/postlarval sampling programs used 505 micron wish plank-
ton nets fished for five minutes. The volume of water filtered during a

tow was determined with General Oceanics Model 2030 flowmeters which were

suspended in the wouth of each net. The areas of net openings were as

follows:
Dimensions of Area of
Program Net Opening Net Opening
River Larval Fish
=~ Surface Net B0 cm X 80 em 0.640 m2
- Bottom Net 104 cm X 51.5 em 0.5% u’
Discrete Depth Sampling 50 em X 50 ca 0.250 w?
Entrainment 50 cm dianmeter 0,196 mz

Samples were praserved in approximately a 5% solution of formalin.



3.2.2 Sauple Analysis

In the laboratory all larval samples were processed in the sane
wanner. The samples were washed to remove the forualin, sorted, and all
larval and postlarval fish, penseid shriwmp postiarvae, portunid megalops,
and portunid crabs were retained, Larger individuals of these groups
were also retained when they were encountered. All specimens were iden~
tified to the lowest practical taxon, counted, and nmeasured (up to 50
lengths per species).

A quality contrel program was enforced on all larval fish samples
for both sorting and identification. At least 103 of each sorted and
identified sample set was randomly selected and reprocessed by a tech-
nician other than the original processor. If the mean percent accuracy
for a sorted set was less thanm 90X, the entire set was resorted. A dis~
crepancy greater than 102 in t.. count or constant errors in i{dentifica~

tis>n caused the set to bde re-identified.

Flovmeters used by the Bioleogy Unit are calibrated quarterly and the
results stored on a computer master file, The wmeter number and number of
revolutions during each sample's collection were entered on coding forms
permitting the volume of water sieved to be determined by computer. In
this manner, <the number of organisms collected in each sample can be

3 of water sieved).

expressed as densities (i.e., number/1000m
3:2+3 Data Analysis

Trend Analysis

River larval fish date for the period September 1976 through August
1982 and entrainment data from September 1974 +hrough August 1982 were
each xamined for a linear trend. Differences among years were separated
ioto a trend component proportional to the size of the linear increase or
decrease and a deviation component proportional to the size of the year

to year fluctuations around the trend line. The error component, used to
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cable and the double~trip mechanism tripped to open the net (Figure
3.1): After five minutes the double trip mechanism was tripped by a mes~
senger to close the net and the entire trawl or sled wvas then raised.
Metzr readings were taken before and immediately after each sample to

deternmine the water volume filtered by the net.

3,2.6 Entrainment Sampling

The entrainm t sampling procedure was essentially the same in 1982
as that established in previous years (CPAL 1982). 1In April 1982 one
program change was initiated. Two additional daytime samples wvere added
at 0907 anmd 1500 EST (one hour lateyr during EDT). This change provided
additional ‘aytime data to allov a better comparison of entraiament den~

gities and rates with previcus years.

3.3 Results and Discussion

3.3.1 River Larval Fish

Dominant Species

A total of 611 samples was collected rom September 17, 1981 untii
August 18, 1982, the 1982 sawpling period. Durir “at time 76 species
of larval fish, penseid shrimp, and portunid crabi. were identified from
the CFE (Table 3.2). The ten genera analyzed represented 82X of the
total mean density of organisms collected. Anchovies represented 35%;
croaker 25%; gobies 11%; spot 6%; shrimp 3X; menhaden, flounder, mullet,

and seatrout less than 1% each.

Seascnality

Plots of mean densities by sampling week for 1982 and the mean den-
sities for the previous five years (1977-1981) are shown in Figures 3.4
to 3,14 for the river larval fish program. From these plots {t can be

seen that the occurrence of the major species was the same in 1982 as
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in the previous five years. A summary of seasonality (occurrenc:) for

these species s as follows:

Species Seasonality
Spot End of December = first of May
Croaker First c¢f October - end of April
Mullet End of December - end of March
Menhaden End of February - first of May
Seatrout First of May - middle of October
Flound« End of ‘ecember - end of March
Shrimp
=~ Brown Middle of February ~ middle of Muy
- Pink and White End of May ~ ffrst of Octobex
Anchovies End of April - end of October

Gobiosoma spp.

First of May - end

of October

Gobionellus spp. Middle of March - middle of December

1982 River Larval/Pustlarval Atundance

Results of ANOVA are presented in Tables 3.3 ard 3.4 for levels of

significance. Becasuse of significant interactions, plots of cell means
were examined to draw conclusions. A summary of the results is given

below.

Year Comparisons

The aean logypn densities tor total fish among years indicates that
1982 was greater than all other years except 1980:

Year ZEE

15980 2.86
1982 2,69
1981 2.63
1977 2.5%
1979 2433
1978 2.39
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A comparison of the 1982 larval mean logyp densities, for the major

species, to the larval mean log density for the neriod from to 1981
shows all the species except Goblc oma app. and pink and whi ' dwp had

a higher than average density in 1982:

Species L 1982 Tog Density 1977-1981 Tog Density
Anchovies 2.82 2.47%
Total Tish 2.69 2.62
Croaker 2.09 1.57
Spot 1471 1.51
Gobiosoma spp. 1.56 1.71%
Pink & White Shrimp 1.36 1.48¢
Brzwn Shrimp P C.351
Menhaden 1.10 0.8°
Seatrout 1.07 0.31%
Gobionellus spp. 1.02 0.41%
Flounder 0.94 0.83
Mullet 0,31 0.23

* 1978 data not included, see CP&L (1982)

Depth Comparisons

Overall, higher densities of larvae have been collected from the
bottom ‘han from the surface. Because river larval fish samples are
collected only at night, some species were collected in higher den-

sities from the surface due to vertical migration at night.

A summary of mean log,, densities by depth for 1977 through 1981

is as follows:

Most Collected Most Collected
From Surface From Bottom No Difference
Mullet Croaker Spot
Shrimp (All species) Seatrout Menhaden
Gobionellus spp. Anchovies rlounder
Cobiosoma spp. Total Figh
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Trend Analysis 1977-1982

The river larval fish data from September 1976 through August
1982 were subjected to a linear tremd analysis as describad in Section
3.2.3. Results of this analysis appear in Table 3.7. Plots of the
linear trenxl analysis along with 95% confidence levels are shown in
Figures 3.26 to 3.37,

Brown shrimp and croaker trends indicate a simple increase in
river densities over the analysis period. Anchovy, flounder, pink and
white shrimp, seatrout, and spot densities appear relatively constant
over the same neriod. Menhaden and tullet had significant deviations
which indicates that the year~to-year fluctuatious cannot be described
by the linear trend.

3.3.2 Discrete Depth Sampling

Water Quality

There were heavy rains the week prior to the first round of the
"782 sampling period but otherwise there were no adverse weather con-
ditions.

Water temperatures ranged from 7.9°C to 11.0°C at station 25
(Figure 3.38). At station 34 temperatures ranged from 8.2°C to
11.0°C. Water temperatures were generally higher on the surface and

lower on the bottom.

Salinities ranged from &4 ppt to 30 ppt at station 25, round 1 and
8 ppt to 32 ppt at station 25, roumd 2. At statiom 34, round 1,
salinities ranged from O ppt to 12 ppt. Abiut one-third of the way
through round 1 at station 34, the freshwater runcoff from the heavy
rains up state became visible in the form of wmuddy water and debris
(trees, etc). Salinities dropped and few readings above 0 pot were
recorded. During round 2 at station 34, salinities ranged from O ppt

to 14 ppt. The lowest salinities were recorded at the surface (1l m)
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3.3.3 Entrainment

Dominant Species

A total of 492 samples was collected over 52 sampling =
(weeks) between September 1, 1981 and August 25, 1982 (Tah
Bay anchovy was the most abundant species caught, represen’ '’
the total density of organisms caught during 1982. Croal
each accounted for 13X of the total density. The other wi:
~ menhaden, mullet, and flounder =~ accounted for 2%, .o’ \
summer species ~ gobles, seatrout, and anchovies * accow
of the total density in 