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Walden Creek is the tidal creek closest to the plant and would in
all probability be the first to show signs of reduced juvenile popula~
tions if recruitment to it was being affected. High marsh studies,
hovever, showed that Walden Creek is highly productive and even equals

or exceeds Baldhead Creek in terms of catch per unit effort (CPUE).

The high marsh study also documented the existence of a density gradiunt

that increaces toward the hecsdwaters of the creek., Certain species
sctually distribute themeelves preferentially within the creek and
even throughout the estuary. Flounder, bay anchovy, and Atlantic
croaker in particular utilize the low saline upstream areas well asway

from the plan\.

In 1979«1980, the nekton study showed that the stations in the
freshwater drainage canal and the intake canal consistently yielded
higher catches. These man-made canals were acting as nursery areas and
providing additional areas for juvenile fish production. Thos: juve+
niles living in the intake canal, however, were subject to being
impinged and in fact contributed to increased impingement during the

first few years of plant operations,

During the past few years, a temporary diversion device reduced
impingement substantially before its effectiveness vas reduced by
biofouling and undercutting. The installation of the permanent diver~
sion structure by the end of 1982 should maintain similar reductions
throughout the year. Installation of fine mesh screening on the
travelling screens should increase survival of these organisws that

are being impinged.

The biological monitoring studies continue to show that the
larvee of the commercially important offshore spawners are able to
enter the estuary, distribute to their preferred nursery grounds, and
mature without being «ffected by plan® cperations. The completion of
the reduced flow modifications and the installation of fine mesh
screening and the permanent diversion device should assure that any

reduction in Cape Fear stocks is not a result of the BSEP,

xX
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1.0 INTRODUCTION

In early January 1981, Carclina Power & Light Company (CP&L)
successfully reached 4 settlement with the North Carcliuna Division of
Envircnmenta)l Management (DEM) and the U, §. Envirconmental Protection
Agency (EPA) which eliminated the need for construction of cooling
towers at the Brunswick Steam Electric Plant (BSEF) near Southport,
North Carolina. This settlement culminated over a decade of research
by scientists examining many facets of the Cape Fear estuary (CFE)

ecosystem.

The four main conditions of the settlement, described in more
detail by Hegarth and Nichols (1981), invelve three major medifi-
cations to the plant's cooling water system. The first is the imple-
mentation of a flew reduction scheme that results in a 25% to &45%
reduction in the amount of cooling water used by the plant, The &5%
reduction occurs during the winter when the intake water temperatures
are lowest; conversely, the least reduction occurs in late suamer when
the water temperatures reach their maxima, Flow reduction will be
implemented by throttling or completely securing one or more of the
four ¢irculating water intake pumps on each uwnit. Partial flow reduc~
tion was initiated as of June 1, 1981, and full ¢compliance will occur
by July 1, 1983.

The second modification involves the iustallation of a diversion
device or fence acvoss the mouth of tie intake canal to prevent larger
fish and shellfish from entering the canal and being impinged at the
plant. The salient features of this device are its construction in a
"V" shape that directs organisms away from th2 canal and the use of
9.4 mm (0,38 in) copper-nickel (Cu-Ni) mesh to reduce biofouling. A
preliminary diversion device installed in early 1879 was initially
successful in reducing impingement (CP&L 1980a). The structure's
failure later in the year was primarily 2 result of bicofouling and
undercutting-+-twe problems that were taken into consideration in the
design of the new diversion device. This new structure is sch:duled
toe be completed by January 1, 1983, and studies will be conducted to

determine its effectiveness
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2.0 REVIEW OF PRIOR §7:DIES

The ongoing studies of the Cape Fear estuary with emphasis on the
effect of the BSEP once-through circulating water system were initiated
as early as 1968. These studies can be divided into three groups,
pre~1976, 1976~1978, and poot~«1978, although some studies may overlap
more than one group. The bulk of the data was presented in a multi-
volume rveport entitied the BSEP Cape Fear Studies (CFS). A synthesis
of the data of these reports was presented in the Interpretive Report
(CP&L 1980b).

a:1 Studies Conducted Prior te 1976

Baseline studies were conducted prior to initial plant operation
These studies examined many different components of the ecosysten
(phytoplankton, zooplankton, water chemistry, nekton, benthos, etc.)
and were concentrated in the immediaste area of the intake and dis-
charge canals. The earliest studies involved water movement within
the estuary and were conducted by Dr., J. H. Carpenter (Carpentex
1968). 1In 1969, Dr, J. E, Holbie of North Carolina Stete University
(NSCU) began the first biological monitering of the estuary and
described the primary fautial assemblages (Eobbie 1971). In 1971
Dr. B, J. Copelend assumed leadership of the NCSU program., He con~
tinued the broad-based reconnaissance of the estuary and coauthored a
number of reports on the estuary over the next several years (Copeland
and Birkhead 1972, 1973a, 1973b). Dr., R. G. Hodson joined the program
and directed studies involving the characterization of the larval and
pestlarval fish populations (Copeland et al. 197&4a, 1974b, 1974c,
Copeland and Hodson 1977). During these studies, larval samples were
collected every two weeks from the lower Cape Fear estuary at the

surface and the bottom over four consecutive tides,

Dr. F. J. Schwartz, University of North Carolina Institute of
Marine Science (UNC), initiated studies of the juvenile and adult
fishes of the lower Cape Fear estuary in early 1973. Trawl and gill

net samples were intensively collected from the lower estuary through-
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out the spring and fall and sporadically during the summer and winter
(Schwartz 1974, Schwartz et al. 1975).

Carolina Power & Light Company began ttudies to examine the
organisms drawn in with the cooling water and trapped sgainst the
traveling screens when the first inteke pump was startey on January 19,
1974, During the first year, all impinged organisms were counted
(CPSL 1974, 197%a). Starting in 1975, impinged organisms were examined
over one 24-hour period each week (CP&L 19771) During the remaining

pix days, impinged organisms were returned to the estuary

Entrainment studies were also initiated as soon #u the intake
pumps began pumping water through the plant, Ssmples were initially
collected at each slack tide (four times) over a 24~hour period each
month (Copeland et a' 1975)., The interval between sampling dates was

later shortened to two veeks (Hodson, Schoeider, and Copeland 1977).

Studies on primary productivity of smerth cordgrass Spartina
alterniflora began in 1973 (Seneca and Stroud 1973). Emphasis was
placed on the aress “n the immediate vicinity of the intake and dis«
charge canals with an objective of ultimately discerning any impact
due to construction or plant operation. This study contipued until
1979 with reports issued at the completion of each year's work (Seneca
et al. 1974, 1975, 1976, 1977, 1979, 1980).

Additional nekton studies were conducted in Dutchman Creek
(Copeland and Birkhead 1973a; Birkhead et al. 1977) and = borrow pit
area near the discharge can. . (CP&L 1975b, 1977a). Short-term = 'd es
wiore also conducted on sonic tagging (Huish and Benedict 1976), shrimp
movement ‘MacPherson et al. 1976, 1977), swimming speeds of fishes
(Rulifson and Huish 1875), and clam biclegy (Williams 1978). A table
listing the reports from these and other studies can be found in the
Cape Fear Studies, Interpretive Report (CP&L 1980b).
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of penaseid shrimp overlap these periods of sbundance, with brown

shrimp Penaeus aztecus generally occurring in the late winter to early
spring, and white shrimp P. setiferus and pink shrimp P. ducrerum
pecurring during the summer and into the fall For reporting purposes,
a vinter larval fish year will be considered to start in September and
end in August, and & summer larval fish year will be considered to

start in Jaouary and end in December.

Data from September 1978 through May 1979 were reported in the
1979 monitoring report (CP&L 1980a) The current report contains data
from June 1979 through August 1981, All tables and figures include

the 1976 through 1981 data to allow comparisons among the five years.

3.1.2 Discrete Depth Sampling (Tucker Trawl)

The majority of the larval samples collected as part of the BSEP
comprelensive biological studies of the CFE was taken from surface and
bottom depths. In 1979 & discrete depth sampling program was initiated
to further define larval density Jistribution by depth (CP&L 1979e).
This program was conducted during the peak of larval recruitment into
the estusry by the winter spawners snd was repeated in the spring of

1981,
3.2 Methody
3.2.1 River Larval Fish Sampling
Frogram Changes
Several changes heve been implemented since the 1979 report. A
review of the program showed that sampling effort could be reduced in
several ways without losing the ability to see population shifts.

These changes, their justification, and the number of sample decrease

(if any) were as follows:
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Beginning Janvary 1980, only night samples were collected.
Greater numbers of organisms were caught st night than during the day
(Copeland et al. 1979) (Figure 3.1). This is & result of the larvae
moving toward the surface during uighttime and toward the bottom
during the daytime. This diurnal wigration would ma'e more larvae
svailable to be sampled at night than during the day. Because lerger
numbers of organisms are collected at night, there wes no loss of
jonformation concerning seasonality or sbundance trends. Collecting

samples only at night decreased the number of samples by one half

Beginning January (981, station 21 (Intake Canal) and station 27
(Midchannel, near buoy 23) (Figwre 3.2) were no longer sampled.
Station 21 was dropped becsuse a diversion screen was built across the
mouth of the intake canal which would affect populations in the canal.
Also, no matter what density of organisms came inte the canal, the
best indication of the plant effect could be seen in entrainment
sampling. Station 27 was excluded becsuse the remainiog five d=
chennel stations should show spatial and temporal distributions with-
out this station, Dropping these twy stations reduced the number of
samples by eight each trip.

In 1981, summer sswples were reduced by sampling ocnly ance 2
month during June, July, and August. This was done because summer
samples are composed mainly of anchovies and gobies. Frem 1978 to
1981, these species accounted for an average of 66% of all fish
collected (Table 3.1). Because of the large oumbers collected, l.ttle
information would be lost by reducing the numher of summer samples,

This reduction of three trips resulted in B4 less samples per year.

These changes in the sampling program reduced the number of river
larval fish samples collected from 1872 to 644, while maintaining the

cbjective of the program.



Station Description

The seven station numbers and locations are the same as described
in CPAL (1980a) The river was divided into four areas moving upstream
from the mouth, allowing comparis ns to be made between different

sreas An "*" designates a midchannel station with a water depth of

12 m (40 ft) at mean low water (mlw). Stations were grouped as follows:

(Figure 3.2)
Area A - Lower Estuary

Station 11 = Located in Dutchman Creek approximately 1 km (0.6 mi)
upstream from its intersection with the Intracoastel Waterway, This
is a shallow water station with a mean low water depth of 1 to 2 m

(3.3 to 6.6 ft).

Station ng « Located in the ship channel, south of bucy 15,
where the river passes between Battery Island and Southport. This is
the closest station to the ocean and the only permanent station in the

monitoriag program that was not sampled in the NCSU study.
Area B - Mouth of Iotake Canal

Station 24 -~ Located in Walden Creek immediately downstream from
the old highway (River Road) bridge. This station is approximately
2.4 km (1.5 mi) upstream from the intersection of the intake cansl and

the creek. Water depth is 1.5 to 3 m (5 to 10 ft) at mlw,
"
Station 251 « Located in the river chanuel north of buey 19,
where the intake canal weets the river chamnel, Station 25 is
approximately 5 km (3.1 mi) from the BSEP intake structure.

Area C » Middle Estuary

*
Station 37 =~ Located in the river channel south of buey 29,

about 10.6 km (6.6 mi) upriver from Station 25. At this location, the

Ik



Intracoastal Waterway branches off the river channel to the northeast

|

|

i

i

through Snows Cut.

|
Ares D - Upper Estuary

“
Station 34 =~ Luceted in the river channel north of buoy 37,
about 17.4 km (10.8% mi) upriver from station 25. The no:th channel

from Snows Cut joins the viver chaunel at this point.

#
Station 41 =~ Located in the river channel south ol buoy 43, in
the vicinity of Campbell lgland about 22.5 kw (14 mi) upriver from

Station 25. This is the uppcrmost station in the monitoring program.
Saup.ing Precedure

Surface and bottom samples were collected Liweekly in the CFE
(Table 3.2). S*ationy were sawpled once during the night. Sampling
was begun at least an hour after sunset. To better identify any
effects associsted with tidal flow, sampling trips were scheduled to
sample on alternat tidal directions. Therefore, if the first trip
was taken during an ebb tide, the next trip would be taken during &
flood tide. This schedule caused trips %o be more or less than 14
days spart. The time for a complete sampling tr’p depended upon the
weather and the amouat of detritus in the samples, but usually all
gseven staticns were sampled within a S-hour period. Twenty-eight
samples were collected during each trip unless mechanical problems or

bad weather prohibited continuation of a trip.

Samples were collected with 505 micron mesh, 1 o (39 in) diameter
plavkton nets with a 3:1 taper. The surface nets were attached to
80 en (31.5 in) square frames which were fastened by a pivot to the
deck of the boat (Figure 3.3). Two surface nets, one on each side of
the bost, were simultaneously fished for five minutes approximately
15 ¢m (6 in) below the surface of the water to provide replicate

samples.

33




Simultaneous five-minute repiicate bottom samples were obtained
usiny & sled on which a frame containing two 505 micron mesh plankton
nets wis mounted. The nets were attached side by side in 104 om
(60.9 in) high by 51.4 cm (20.23 in) wide opeuniugs. The sled kept the
nets spproximately 15 c¢m (6 in) above the bottom (Figure 3.3) Further
description and performance data of this gear were reported by Hodsen
et al. (1981). Salinity (ppt) and temperature (°C) measurements were
taken from the surface and bottom at each station using & Yellow
Springs Initrument Company Model 437D telethermometer and an American
Optical Model 10419 refractometer. Bottom water samples were collected
with a 2-liter (0.53 gal) Kemmerer water sampler. Surface watey
samples were collected in a bucket. All instruments were calibrated
on & routine schedule. The volume of water filtered during a tow was
determined from General Oceanics Model 2030 flowmeters which were
suspended in the mouth of each net. Stations were resampled if there
was more than a 2000 revolution difference between the flow meters in
replicate nets or if there were less than 3000 revelutions recorded on
any meter. Nets were washed after each tov using forced water from a
water pump and hose Lo prevent contamination between stations. Each
sample was preserved in approximately 10% formalin in numbered plastic

Jars.

In the laboratory the preserved samples were washed with water in
8 500-mitron sieve to remove the formalin., All fish larvae and post-
larvae, penaeid shrimp postlarvae, portunid cradb megslops, and blue
crabs Callinectes sapidus were removed using a 3X magnifying lamp or a
fluorescent tray illuminator. C _gau.“ms were identified to the lowest
practical taxon (Table 3.3). Prior to September 1, 1979, lengths for
the CP&L monitoring program were recorded using total length (TL)
Standard length (SL) has been recorded since that time. To permit
length comparisons with previous studies, a conversion equation was
used to compute standard length from total length (Table 3.4).
Organisms larger Lhan established cutoff lengths (Table 3.5) were

omitted from analyses.
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Data were coded on standardized forms and entered on computer
file. Data were then run through a verification program until all
errors were corrected. The data set was then analyzed using Statis-

tical Analysis System (SAS).

Densities were reported as the number of organisms per thousand
cubic meters of water. Logarithmic trausformations were of the form
y = 10310 (density + 1) for larval fish data. Mean 10310 (density +
1) were plotted for trend analysis and used for ANOVA and Duncan's
multiple range test. Mean densities, plotted on a logarithmic scale,
vere used for seassonal abundsace. Further discussion of statistical

rationale was reported by Copeland et al. (1979).

To ensure accuracy and consistency in identifying, messuring, and
counting wrganisms, a quality control check was performed on each set
of samples, At least 10% of the sorted and identified samples were
reprocessed by a technician other than the original processor. A dis~
crepancy greater than 10% inm the count or constant errors in identifi-
cation caused the sample set to be resorted or reidentified. All
verifications, recordi, snd duta are permanently stored ia the BSEP

vault as part of the Biology Unii's Quality Assurance Program,
3.2.2 Discrete Depth Sampling

Discrete depth samples were collected by using a half-meter
Tucker trawl and a double~trip mechanism, which allowed the net to be
opened and closed at a specific depth. The objective of the discrete
depth sampling was to determine the vertical distribution of organisms
for comparison with entrainmeant. Sampling was concentraied over a
short time span during peask recruitment of the representative finfish
species. The 480 samples collected, numbers of organisms present, and
objective of the program precluded the use of meter nets as used in

the larval fish program.

In 1979 sampling was conducted in the vicinity of buoy 19
(station 25) in the Wilmington Ship Channel (Figure 3.2). Using one
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Nets were washed after each tow using forced water from & water pump

and hose to prevent contamination between depths

A total of 120 five-minute tows (24 per depth) was scheduled at
each station on each of the two 24~hour sampling periods: round ]

(March 2+3) and round 2 (March 5-6) of 1981.

In other larval studies in the CFE, day/night and tidal effects,
along with their interactions, accounted for a large portion of the
observed variability (Copeland, Hodson, and Monrce 1979; Weinstein

1979). For both the 1979 and 1981 programs, day/night, tidal effects,

and their interactions were balanced iun the sampling design by repeating

the depth sampling sequence of 1-9, 9+1, 9«1, 1-9 m (set) sux times in
each 24~hour period (round) and by starting at a different tidal stage
at the beginning of the second 24~hcur period. This design, by bal-
ancing (and thus negating) the effects of tide and photoperiod, would

allow the strongest examination of larval distribution by depth.

The 1979 variables were: round (one 24-hour period), set (depth
sampling sequence of 1-9, 9«1, 9-1, 19 m), and depth (1, 3, 5, 7, and
9 m). In 198)] each round (24-hour period) was analyzed separately so
the variables were changed to: set (& series, 19, 9-1, 9-1, 1+9 m},
series (depth sampling sequence of either 1-9 or 9-1), and depth (1,
3, 5,7, and 9 m). All 1979 cata vere rerun with the same variables
as 1981 data.

All samples were preserved in approximately 10 percent formalin
and returned to the laboratory for processing using the same labora-

tory and Quality Assurance procedures described in 3.2.1.

The density (nunber/1000m3) of spot, croaker, flounder, mullet,
pinfish, bay anchovy, Atlantic menhaden, and total fish was calculated
and then analvzed with a general linear model regression analysis.

All data were transformed to 10;10 (number per 1000m3 + 1) for analy-

sis.
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3.3 Kesults and Discussion

3.3.1 River Larval Tish Sampling

HyJrography
Temperature

The water temperatures recorded Jduring this reporting period
ranged from a low of 3.0°C (37°F) on January 13, 1981, to a high of
30°C (B6°F) on July 29, 1980 (Table 3 7). Little difference was
observed between vtations or surface and bottor readings during each
*rip (Figure 3.6). This is consistent with previcus years (Copeland

et al. 1979).
Salinity

Salinity gradients produced by tidal mixing are responsible for
the typical circulation in & moderately stratified estuary (Pritcherd
1967). This two' syered circulation and subsequent upstream movement
of bottum water no- of the Snows Marsh area was observed in dye
tracer studies (Carpenter and Youts 1979). "It has also been found
that, as & result of t'.e impact of salinity and temperature on shrimp
growth and behavior, bydrologic conditions in the nursery are a major
factor in shrimp survival and population size" (Hunt et al. 1979).
Because of the importance of circulation in carrying organisms into
the estuary and the behavior of organisms in the estuary responding to
changing salinity, surface and bottom salinity date for each station
from September 1976 through August 1981 are presented in Figures 3.7
through 3.11. As in the past, bottom salinities were higher than
surface salinities, except at station 11 where surface and L ttom
hydrography are essentially the same because of the shallow depth.
Salinities decreased upriver: lowest salinities of 0 ppt were re-
ported at station 41, the uppermost station; highest salinities of
35 ppt were recorded near the mouth of the river at station 18.

Periods of low salinity occurred during January, March, and September



of 1979, Januvary and March of 1980, and January snd June of 1981,
corresponding to periods of heavy rain (Figure 3.12). On September &
and 5, 1979, Hurricane David passed through North Cerolina producing
approximately six incues of rain a&s recorded at the BSEP metecro-
logica) tower. This heavy rainfall produced a drop in salinity at all
stations during trip 27 (September 11, 1979) (Figure 3.10). The

effects of decresses in salinity are discussed later in this report,
Dominant Species

Between September 1978 and August 1981, 105 species of larval
fish, shrimp, #nd crabs were identified from the (Cape Fear estuary
(Table 3.1). The ten genera analyzed represented 89% of the total
meau density of organisms collected during the same period, Anchovies
represented &47%; gobies, 20%; croaker, 10%; spot, 5% shrimp, &%,
menhaden, 1%; and flounder, mullet, and seatrout each less than 1%.
Anchovies were included because they spend most of their life in the
estuary (Hildeorand and Cable 1930) and are used as food by other

species, Gobies were included hecause of the large numbers collected,

Temporal Distribution of larvae
The seasonal occurrence of larval fish in the Cape Fear estuary

from June 1979 through August 1%81 was consistent witl previous vears.

Croaker larvae/postlarvae were collected in the estuary from the
beginning of September until early May. Several periods of peak
abundance were seen during this time. Mean densities were :66/1000m3

{n 1979, 377/1000m° in 1980, and 271/1000m° in 1981 (Figure 3.13).

Flounder larvae/pestlarvae, which includes three species-=
southern, summer, and gulf~-were seen as early as December. The main
recriitment was from the middle of January until late March and early
April. Mean densities were S?/lOOOm3 in 1979, S/lOOOm3 in 1980, and

16/)000m3 in 1981 (Figure 3.14).






As seen in Figure 3.20, the 198] spawn was earlier than the 1980
spawn, Large pumbers of larvae were .n the estuary in early March
1981, probably due to the warmer water temperatures and higher salini-
ties. Huuc et al. (1979) showed temperature and salinity greatly
influenced brown shrimp harvest. But in contrast to 1980 when both
salinity, temperature, and shrimp mean density showed a steady rise
during April, the 1981 hydrography data indicated steep drops in
temperature (3/23/81) and salinity (4/3/81) (Figures 3.6 and

3.7-3.11). This caused a severe dron in post larval shrimp mean

density in April which never recovered. The 1081 commercial cat of
brown shrimp in Nerth Carolina was indicative of how severe val
mortality was. The total caich fur the entire year was &} wely
1.5 million pounds. This compares with a 25+-year average . Jdion

pounds per year., The decreased 1981 catch was even m/re nov <. wle
because the previous year (1980) was & near record Y million pouads.
{UNC Seagrant, August 1981).

Goby larvae and postlarvae inciuded both Gobiosoma spp. and
Gobicnellus spp. Oobicsoma spp. were most abundant from late April
through October. Mean densities were 672/1000-3 in 1979, 693/1000m
in 1980, .ud 1.44 X 103/100011»3 in 1981 (Figure 3.21). Gebionellus
spp. were most abundant from mid-March through November. Mean densities
were 9/1000:!3 in 1979, 8/)000m3 in 1980, and 9/1000m3 in 1981 (Figure
3.22).

3

The mean density of all fish collected in 1981, 1.33 X 10°/
lOOOma. represented a 51% decrease over the total fish density seen in
the Cape Fear River in 1980 .figure 3.23). This was due largely to
the decreased numbers of anchovies collected during the summer of

1981. Long-term trends are presented later in this report.

Spatial Distribution

As stated earlier, larvae utilize the net upstream movement of
the bottom layer of water to move and retain their position upstream,

This behavior, in addition to the benthic tendencies of such species



as spot, croaker, flounder, and seatrout, was indicated by the larger
nusbers of these larvee captured with the bottom nets than with the
surface nets (Figure 3.24). Larvae of surface feeding fish such as
menhaden and mullet have historically been collected in larger numhers

with the surface nets (Figure 3.25)

Looking at the snalyses of variance of larval fish (Tables 3.8
through 3.10), three observations can be made. One is the appearance
of larpe numbers of croaker upstream in areas 'C' and 'D'. The other
species tend to be found in more saline water, downriver in areas 'A’

a 4 'B', with station 11 (Dutchmen Creek) having the greatest densities
of larvae (Table 3.10). The second observation is that of steep
declines in density in area 'D'. As stated earlier, this is a reaction
(s larvae to decreased salinity produced by freshwater runcoff. An
example of :his behavior occurred in March 1980 when zero salinities
wvere recorded at the upriver stations, 34 and &1 (Figure 3.10), Th's
rsused & steep decline in croaker densities in area 'D’' as seen in
Figure 3.26. At the same time an increase in density occurred in area
'¢' indicating the larvae were "pushed" down the river by the lowver

salinities. Spot and menhaden exhibited the same behavior.

These movements of larvae in response to salinity seem to indi-
cate that the distribution of larvae in the estuary is affected more

by salinity than by water withdrawn by the BSEP.

Length Fregueacy

Durcan's multiple range test was used to analyze mean lengths of
fish col lccted in the mid-channel stations between September 1980 and

August 1981 (Table 3.11).

As expected, smaller larvae were collected during the beginning
of their respective recruitment periods and increased in size with

time.
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Another discernible pattern seen in Table 3.11 is the occurrence
of larger larvae in the upriver stations. This is expected since the
larvse were growing as they entered the estuary, moved upriver, and

established residence there.

Duncan's multiple range comparisons of stations over the past
five years (Tables 3.8 throvgh 3.10) indicate that the BSEP is not
measv:xh'y or observably preventing larvae from passing through, and
congiegaring in, Walden Creek (station 24), During the past five
years, fiounder, spot, mullet, and brown shrimp densities have not
been significantly different between Walden Creek and Dutchman Creek
(station 11), but these two stations had significantly higher densilies
for these species than other stations, Total fish densities during
the 125t five years have not been significantly different in Walden
Creek thar from station !8 downriver or station 25, in the riv-«

channil near the intake canal.

This information, with the upriver density data previocusly dis-
cuseed shows larvae entered the estuary, moved up the river past the
plant, anc as in the case of croaker. utilized the upriver areas in
s.oguificant numbers. This would seem to indicate that any impact to
larval populations would be limited to the area ,f the intake canal
and does not affect the maan channel movement o' larvae to upriver

nursery areas.

Trend Analy=is .977-19¢1

Density plots (mean loglo |density + 1], all scitions inclusive)
for the 11 analysis species and to.al organisms collected from Sep~
tember 1976 through August 1981 are p.<sented in Fizures 3.27 through
3.38. This was done only to assess overall iucreases or decresses for
the five~-year period. Table 3.12 summarizes these analyses and includes
the percent change per vear for each species. All trends discussed
below compare data from September 1976 through August 1981 (larval
years 1977-1%81).
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Flounder densities showed considerable variatior during the
five-year period, with & mean density of 27/1000m3 (Figure 3.35).
Apalysis indicates an overall decrease over the years, with 1980

densities significantly lower than other vears (Table 3.8).

Menhaden mean densities also indicate an overall decrease over

the years (Figure 3.36). The mean density for the period was 73/1000m’

Gobionellus spp. showed considerable variation during the five-
year period, with a mean density of 8/1('00m3 (Figure 3.37). There was
an overall increase in density with 1981 being significantly higher

than previous years (Table 3.9,.

The mean density for all fish collected during the pas* five

years was 1.62 X 103/1000m3.

1980 densities were significantly
higher, attributable to the large number of anchovies collected that
year (lable 3.10). Trend analysis indicates an increase of total
larval fish densities in the Cape Fear River during the past five
years (Figure 3.38). This would seem to negate the idea that the
operation of the BSEP is having a detrimental effect on population

densities by reducing future reproduction stock.
3.3.2 Discrete Depth Sampling

Hydrography

Temperature

There were no adverse weather conditions or excessive rains prior

to or during the 1981 sampling period.

Water temperature averages ranged from a high of 12.3°C to a low
of 10.2°C at station 25. At station 34 averages ranged from a high of
12.4%C to a low of 10.5°C (Figure 3.39). Water temperatures were

generally higher on the surface and lower on the bottom.












in 1981 but showed no significant difference on round 2 at station 34

(Table 3.15).

Flounder, menhaden, and pinfish showed no definite trends in
set-by~depth interactions at all in 1981. In some cases there was a
significant difference and in others there was none. This again was

probably due to low numbers in the 1981 data (Table 3.15).

Vertical Distribution

As in 1979, the vertical distribution curves for 1981 showed
difterent trends for day and night. Maximum densities generally occur
at the lower depths during the day, with larvae moving up in the water
column at night (Figures 3.41 through 3,48). Larvae densities tend to
be more evenly distributed at aight when river larval monitoring is

being conducted.

The 1879 analysis showed that round-by-depth interactions were
significant for spot and croaker and that their vertical distribution
was different on round 4 than t was on the other rounds (Table 3.14).
High freshwater flow occurred on round 4 which considerably reduced
the salinity in the study are.. There was little change in the vertical
distribution of the other spe. ies despite the influence of high fresh~

water flow.

Behavicrial Model

Although the 1981 program was designed to balance (i.e., negate)
day/night and tide stage effects, statistical analyses showed signifi-
cant effects of both these variiles on larval densities. Because of
these interactions, a behavioral model was developed in addition to
the general linear model (regression) discussed above. Variables were
changed to show day/night and tidal influence, as well as depth, and
included pericd (day/night), tide (8 stages), and depth (1, 3, 5, 7,
and 9 m) (Table 3.16).






chifted back one tide stage. In other words, instead of tide stages
B, 1, and 2 showing the highest densities, they iu actuality would be
tide stages 7, 8, and 1. This observation would be more in line with
the accepted theory that, as transients, the larvae rely on . .er
currents for transportation upriver. If on the other hand the highest
densities were on the tide stages of high in, high slack, and high
out, the larvae would not be going very far, as the in and outl wouly

virtually nullify each other, and the slack is standing still.

The 1982 sampling program was set up and tonducted on a corrected
tide schedule and by actual observation of the tides. Furiher tide
studies are planned to get a hetter idea as to how accurate these

ubservations were and adjust all sampling schedules accordingly.

3.4 Summary

3.4.1 River Larval Fish Sampling

Collection of larval and postlarval stages of fish, shrimp, and
crabs in the CFE has been contipued by CP&L. These data are used to
monitor the temporal and spatial distribution of larvae in the CFE.
Trends in distribution, relative abundance, and size of the larvae can

be observed by comparing data from previous years.

Ten different genera of larval and postlarval fish and shrimp
were chosen for analyses because of their recreational and/or com=
mercial value. Of these, anchovies (two species), pink and white
shrimp, seatrout (twn species), and Gobicsoma spp. (two species) occur
during the summer (May to September); spoet, croaker, flounder {(three
species), menhaden, mullet (two species), and brown shrimp occur
d.ring the winter (December to April). Gobionellus spp. (three species)
overlapped these periods. These twenty species accounted for approxi-
mately 80 percent of the total number collected during 1981. This was

consistent with previous years.

3~23




The appearance and duration of spec’es seen in the CFE in 1981

was consistent with previous years.

Heavy freshwater flow down the Cape Fear River caused by rainfall
runoff produced variable salinity readings between stations and surface
to bottom readings at .ach station. Low selinity upriver will cause
larvae to be concentrated downriver., This appears to be the most

important factor affecting river larval fish densities and abundance.

Croaker, spot, Gubiosoma spp., anchovies, pink and white shrimp
1981 densities were less than 1980 densities while mullet, flounder,
menhaden, Gobionellus spp., brown shrimp, and seatrout densities were

greater in 1981 than 1980.

Density trends for river larval species between 1976 and 1981

show all species except menhaden and flounder to be increasing.

Growth, abundance, and movement of larvae through the Cape Fear
River estuary have not been adversely affected by operation of the
BSEP.

3.4.2 Discrete Depth Sampling

Discrete depth sampling was expanded in 1981 to include both
downriver and upriver stations (25 aud 34). The program, while de-
sign+d to balance out day/night and tidal effects, showed strong
effccts from both these variables, and so both the experimental model
and a behavioral model were used to analyze data. Densities in 1981
were much smaller than those in 1979 (approximately 29% of the 1979
densities). While several compariscons were statistically significant,
many of these were felt to be a result of the small densities and were

considered dubious.
In general, the study showed vertical distribution curves of bay

anchovy, menhaden, mullet, pinfish and spot larval to be quadratic,

that is, concentrated near, but not on the bottom. Bay anchovy and

3-24
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TABLE 3.1} {(CONTINUED) .

SEP 7B - AUG 79 SEP 79 - AUS 8¢ SEP B9 - AUS R

SPECIFS SCIFNTIFIC NAME SPECIES COMMON NAME DENSITY * DENSITY < BENSITY s
PORTUNIDAE SHIMMING (PaBS 3.571 D.24 i1.558 2.30 % .59 9.55
PORTUNTDAE (HEGALOPS)? SWIMMING (RaBS (MEOGALOPS) 31.068 2.97 188.373 6.16 160248 18,76
PFORTUNUS SFP, SYIMMING CRaARS 0.9000 0.90 8.900 9.09 8.919 .00
CALLINECTES S5F. BLUE CHaABRS 0.57S 0.048 20976 e.07 e.5615 e.04
ALL SPECIFS I1501.981 99.97 3059.922 99.96 (i562.27¢ 9°.98
EFFORTS 232 07 3%



Tebie 3.2 Trip number, date, efforts, and analysis periods for river larval fish program, 18761881,

TRIE
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EFFORTS
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17
17
17
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77
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77
17
77
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TABLE 3.2

-

(Cantinued)

CAMPLEF wINTER
DATE EFFORTS £ AR
| 3SFERT? 273 78
110€CT?? 78/ T4
BYOvTY 170 75
nNT0ECT? ELE 78
& JANTR L8 R '8
1 TJANTA 344 78
11 JANTHR b2 15
15{5:37;4 K0 7 4
RFFNTA 185G 7R
| SHaARTA 238 l8
POMARTA L4 7TH
11APRTY 9 & T8
‘;c[«‘;,,‘vy._a 162 743
10AY TR 373 78
HJUINTR 168 8
GA 7% 137 8

1€
ANALYSIS

“"R
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-4

e s

3
€

=

B o T ®
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TABLE 3.2 {Continued)

SAMPLF NINTER ANALYSIS SIIMMER ANALYSIS

TRIP NATE FFEY 'S YEAR wEEK Yi A wFr«

S 125FPTA 72 79 1 78 19

51 2H6SEFTHR 12 'Y 2 78 31

-2 100CTTAR 71 76 3 78 21

&3 4O0CT /8 1¢ 19 & 18 22

S THOVTR 12 79 ) T8 213

l 55 21N0VT8 72 79 b 18 24
56 SDECTHA &8 79 7 18 e"

57 BRDECTH 64 19 - 78 24

-1 4JANTS 65 19 9 16 \

I &y |6 JANTQ 72 76 10 19 2
&4 “’";A’-‘Q RO 19 11 76 1

61 |3FF&T9 RO 79 12 - 19 4

62 21FERTS 78 19 13 76 e

I 63 | 3MARTQ 80 19 14 19 M
bé 2THNARTQ B0 79 15 Ty r

6% 1IAPRTS 76 19 14 79 Q

' b6  24APRTY 78 79 17 79 a
57 NEAMAYTS 71 7 18 19 17

-~ 22wAY 19 12 76 19 76 11

. 69  NBJUNTS be 79 20 79 12
7 19JUNT S 70 73 21 19 12

71 G3JVLTS 71 79 ee 79 14

12 V7L Te 71 79 23 19 1 &

' 73 31JULTS 04 79 Z2h 19 14
Ta ) 4AUGTS 36 79 25 79 17

| 74 FBAUGTS 70 79 26 79 IR

333



TABLE 3,2 (Continued)
SAMELF WwINTER ANALYSIS SIMMER ANALYSIS

TRIP DATE EFFORTS YFAW NEFK YEAR WFFK
1% 118FP 76 E L) AD 1 19 )
7 E5SFETS 34 B0 2 79 2n
TR 230C179 30 B0 4 ‘9 2?
79 16N0VTS 15 RO § 19 23
40 20nQuTa 12 RO 6 79 24
Al 4DECTY 72 8o T 19 2e
B2 IeJANRA 36 RD e L0 1
R4 15 JANS 6 RO 10 £ 0 ?
Pa 79 JANA 35 AN 11 RN 2
85  12FERA 36 -3 12 CR “
CL ceFERA ) 35 AN 113 D) -
A7 11vawSE 15 80 14 A0 &
RA P4MAKRA N 15 RO 18 &0 -
Mg ISAPRA 16 B0D 16 go A
99 22APRAN 36 A 17 Ao o
v OSHAYSBN 36 80 18 M0 1A
S/ ZOMA AN 36 RO S B0 11
93 YIJUNB A 36 80 20 Ho 12
4 1 TJUNRA 36 80 el Ly 12
95 0lJULRAY 36 A0 22 30 14
9h  1SJULEN 10 80 23 40 15
97 29Jiit 8) 3z 80 2h Ao 1 4
98 ) 2A 'GAN s 80 25 BO 17
% ~EAIIGH 36 80 26 81 14
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TABLE 3.2 (Continued)
SaMPLF WINTER ANALYSIS SUMMER ANALYSIS

TRI® ATE EFFORTS YFAR wEEr Yir A wFIx
1090 NesFPRY 1% R 1 RO 16
i0] CISErEn i% 81 z =0 20
102 N60CTAN 36 81 3 HO 21
102 210CT48n 16 8l 4 =0 22
104 OSNOVAN 16 81 g = () 21
105 19NQVED 36 Al 6 *0 24
106 neDECHN 6 81 7 KO 2%
147 19DECAY 16 Rl 8 g0 24
108 S JANK] 28 51 9 81 \
19 13J4%AR] 28 81 10 8] ?
11 2T.U48%8) 28 81 11 Al 3
111 12FESBR] 28 8l 12 31 4
112 23FERSR) 28 51 13 Al -
113 1imaR8a) 29 Al 14 A1) &
114 23MARA] 28 8] 18 1 7
115 (1 3APRR) 28 21 16 Al o
116 16APR8) ¢8 a1 B, 81 Q
117 2OAPRE ] 28 el 1K k] 1n
114 GrAY S| 28 A, 15 C3| 1n
119 15Mav8) 28 Rl 19 H1 11
120 21MavB] 25 81 19 %1 11
12} 10JUNSY 28 81 cl bl 13
122 16J:.8) 28 el 23 8. 18
i3 1 DAUGS] 28 G| es Bl 17
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Table 3.3 Identification Cutoff Lengths

Clupeidae:

Anchoa sp.t

Gerreidae:

Gobiosoma sp.:

Gobionellus sp.:

Microgobius sp.:
Triglidae:

Blenniidae:

Atherinidae:

Paralichthys sp.:
Citharichthys sp.:
Etropus sp.:
Penaeus sp.:

Portunidae:

Carangidae:

Less than 11 mm (SL) to family, 11 mm (5L) and above
species

Less than Il mm (SL) to genus, 11 mm (SL) and above
species

Less than 20 mm (SL) to family, 20 mm (SL) and above
genus if possible

15 mm (SL) and below to family, above 15 mm (SL)
species

25 mm (SL) and below ito family, above 25 mm (SL)
species

All lengths to genus only

Less than 20 mm (SL) to faimily, 20 mm and above
species if possible

20 mm (SL) and below to family, above 20 mm (SL)
species

20 mm (SL) and below to family, above 20 mm (5!.)
spacies

10

1o

10

to

to

to

to

20 mm (SL) and below to genus, above 20 mm (SL) to species

All lengths to genus only

All lengths to genus only

20 mm (SL) and below to genus, above 20 mm (SL) to species

10 mm (SL) and below to family, above 10 mm (SL) to genus

(Callinectes sp.)

10 mm (SL) and below to family, aboe 10 mm (5L)
species

1{°)
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Table 3.5

Standard length (mm) cut-off limits for fishes and shrimp collected

from entrained water and from the estuary, Family or generic names

only are listed if all species in thalL group had the same cut-off

length.
Taxono.iic Name Common Name Cut=off Length (mm)
Anchoa sp. Anchovies 30
Anguilla rostrata American eel 99
Atherinidae Silversides 20
Blenniidae Combtooth blennies 20
Bothidae Lefteye flounders 20
Carangidae Jacks & Pompanos 20
Centrarchidae Sunfishes 20
Chaetodipterus faber Atlantic Spadefish 20
Chilomycterus sp. Porcupine fishes 20
Clupeidae Herrings, Shads, Menhaden 35
Cynoglossidae Tonguefishes 20
Cyprinidae Minnows 20
Cyprinodontidae Killifishes 20
Eleotridae Sleepers 25
Elopidae Tarpons 99
Exocoetidae Flying fishes & Halfbeaks 50
Gadidse Hakes 30
Gambusia affinis Mosquitofish 15
Gerreidae Mojarras 20
Gobiesox strumosus Skilletfish 15
Gobionellus sp. Gobies 25
Gobiosoma sp. Gobies 15
Lutjanidae Snappers 20
Monacanthus hispidus Planehead filefish 25
ugil sp. Mullets 30
Ophichthidae Snake eels 99
Ophidiidae Cusk-eels 25
Opsanus tau Oyster toadfish 20
Orthopristis chrysoptera Pigfish 20
Penaeidae Shrimp 15
Percichthyidae Temperate Basses 20
Pomatomus saltatrix Bluefish 20
Sciaenidae Drums 25
Scorbridae Mackerels 30
Serranidae Sea basses 20
Sparidae Porgies 20
Sphoercides maculatus Northern Puffer 20
Stromateidae Butterfishes 20
Strongylura sp. Needlefishes 50
Syngnathidae Pipefish 50
Synodus foetens Inshore lizardfish 50
Triglidae Searobins 20
Trinectes maculatus Hogchoker 20
Uranoscopidae Stargazers 20
3-38




Depth determination chart for discrete depth sampling.

Table 1.6
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(CONTINUED)

AATER TEMPERATURE

TABLE 3.7
NATE MIN
2OMAYAOD 23.%
NIJLNENA 25,0
17J1NBD 2241
qlJlLdﬂ 7607
1SJuL80 28,0
29.0iiLAN n
12481680 26,1
26A:G80 23.0
N9SEFBN 27.2
2ISEPBN 23,0
NENCTEN 2]1.°%
210CT8n  20.0
NSNOVBO 1640
19NQVRD 1045
N4DEC<0 8.5
19DECRN  10.1
NS JANS] S.0
13JAaNA] 3.0
2TJANS ] 6.1
12FEBR] S0
23FES88] 9.5
11MARRY 1240
FIMARAL 1040
NIARPRE]l 14,5
16AFRB1 1740
PQAPRB]l 18,0
NYMAYAR]L 17.9
1SMAYB]l 21.5
21MAY3] 20.0
10JIINBL 18,1
14J1L8] 28.2
1nAUGBY 27.5

ME AN

MAK

Pt Pt Pt Pt
NN S whmerDesr  DOOCOPNV
DO OO0 OO0O0DO0OODOoO0COODO ©

P

SALINITY
wEAN MAX
22.3 32
15.6 30
24,0 32.0
20,1 24,
219 32.0
23%.5 32.
2%5.8 33,
29.% 35
3N.6 3%
2.6 32
22.5 29.0
23,2 32
24,8 3240
22.8 30,0
2.4 32
21,3 32.0
12.1 26.0
13.6 26
216 32.0
13.% @28
10,0 22
13.9 28
20,3 3¢
14,4 26
2143 3240
22.R 32
25.5 34.0
23.5 3140
22.9 32.0
15.9 30
23.9 3¢
150* 20



Table 3.8

SPECIES
Year

Duncan's MR
for year

WVeek

Duncan's MR
{for week

Depth

Station

Duncan's MR
for station

Log
.
’

R®

SPECIE.
Year

Duncan's MR
for year

Week

Duncan's MR
for week

Depth

Station

Duncan's MR
for station

Results of ANOVA and Duncan's multiple range comparison for
winter river larval fish, September 1976 - August 1981

CROAKER

LR

3 4] 37 27 25 18 21 2& 11

1,353
0.37¢
0.652

FLOUNDER

LA

79 78 81 77 80

LR

B — — — ————

13 12 16 1511 10 9 8

L

B>S

L

11 24 41 27 25 36 18 37 21

Log 0.817
2
§° 0.326
RZ 0.671
NS Not significant - p>.05
. Ol<pc.05
. 001<p<.0l
e

p<.00l



Tanle 3.8 (continued)
SPECIES 8225 | Y
Year ‘e e

Duncan's Mt g
for year 80 79 77 78 &I

Veek *ee

Duncan's ML

for week (3 14 12 15 16 11 10 9 17
\\r,‘?l e

Bs S8
Station e

Duncai's MR

for station 11 24 ) 1 18 34 37 &)
Log 1,524
2 a &k
S 0.3¢21
0.707
SPECIES MULLET
Year e
Duncan's MR mul | S
for year 81 79 78 80 77
'&'eeh ‘R Rl
BIBERIS IR ank ohi v el L
for week I3 16 12911 1510 8
‘epth see
$»B
Stat. n LA
Duncanh MR  _____ _ e
for station 24 11 21 25 3 |8 41 37
Cog 0.325
§? 0,165
R7 0.566
NS Not significant - p».05
. .'}l<p:.05
LA 001 < p<.Ol

e p<.00]

3~43



Table 3.8 (continued)

.PECIES MENHADEN
Year 'ne
Duncan's MR
for yeat 77 81 78 79 &0
Week ey
Duncan's MR :
for week 16 15 17 1% |3 18
Depth .
Sa B
Station LR
I,J‘l"\""d.'\'s 'AR 2
for station bl 34 1] 26 37 27 18 25 2l
Log 0.965
. }
S 0.326
Ré 0,671
SPECIES BROWN SHRIMP
Year tee
Duncan's MR S e
for year 8] 79 80 77 78
Week LR
Duncan's MR R | PR
for week 16 15 19 17 18 14 |3 12
Depth hee
SB
Station *ee
Duncan's MR S S e
for station i1 26 21 18 25 37 27 34 &)
Log 0,618
52 213
0’ 0.704
NS Not significant - p».0)
¢ Ol<pe.05
"e O01l<pec.Ol
'R R pi.’)'_)l

=44



Table 3.9 Results of ANOVA snd Duncan's wultiple range comparison
for summer river larval fish:. September 1976 -~ August 1981,

SPECIES SEATROUT

Year ‘e

Duncan's MR A s
{or year g1 80 79 77

Veek e

Duncan's MR s TS

for week 1301616 12 10 (713 IS10 018 2021
Depth "o e

B2S
Station LR

Duncan's MR -

for station 13-3725 11 27 4l M 24

2l

Log 0,770
52 0.294
Rz 0.581
SPECIES ANCHOVIES
Year sew
Duncan's MR . i e s
for year 80 77 81 79
WVeek ene
BN ot S - e | L st e
for week 1% 151516 121117 8191070 21 22 §
Depth e

B>»S
Station LA
Ouncan's MR e A et et D S,
for station 11 18 25 27 24 37 21 34 4|
Log 2.407
§? 0.256
R? 0.822
NS Mot significant - p>.05
’ Ll<pe.05
. D01<p<.0l
*ss  p¢.00I

3-45






Table 3,

SPECIES

YEAl

Lun

an

for weelk

Depth

Statior

Duncan's

for stati

+

TOTAL FISH



Table L. 1)

1950
Statiom
Mean Length:

Montht
Mean Length:

1581
Stations
Mean Length:

Monthi
Mean Length:

1980
Station:
Mean <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>