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ABSTRACT

Objectives of the 1984 and 1985 studies were to determine densities of
striped bass life stages, zooplankton, and phytoplankton in the lower Roanoke
River and western Albemarle Sound, North Carolina; the location at which feeding
by larvae was initiated; and the prey items selected by young striped bass.
Sampling was conducted from 18 May to 18 June in 1984, and from 26 April to 10
June in 1985. River flow varied considerably during the 1984 study and
generally was much higher than normal; in 1985 flow was less variable and Tower
than normal. River flow was correlated with the distribution and abundance of
phytoplankton, zooplankton, and several striped bass life stages in 1984; flow
varied so little in 1985 that no correlations were observed. Chlorophyll a
concentrations were mostly between 4-7 ug/1 in 1984 with no clear spatial or
temporal patterns in the data; 1985 levels were higher (5-15 ug/1) with lowest
values upriver, highest values downriver, and intermediate values in western
Albemarle Sound. The phytoplankton community resembled that of a lake more
closely than that of an estuarine environment in both years. Only about 15% of
the 150 cell types identified appeared in more than 10% of the samples.
Phytoplankton cell densities (mostly 300-700 cells/ml) and biomass (300-800 ug
wet weight/1) were lower in 1984 than in 1985 (8000-10,000 cells/ml; 500-2000 ug
wet weight/1). Spatial and temporal distributions of cell densities and biomass
in 1985 were similar to those for chlorophyll a. Green algae were numerically
dominant in 1984 but were secondary to diatoms in 1985. Blue-green algae were
not present in significant quantities in either year. In both years most algae
collected were small species that are potentially usable as food for grazing
zooplankton. Concentrations of zooplankton were lower in 1984 and higher in
1985, probably due to changes in the flow regime between the two years. Maximum
concentrations (about 21,000/m3 in 1985) were at least one order of magnitude
lower than comparable zooplankton communities in northern estuaries supporting
striped bass populations. Zooplankton were primarily freshwater species
dominated numerically by cladocerans in 1984 and by copepods in 1985.
Comparison of zooplankton and phytoplankton biomasses suggests that zooplankton
production was not limited by phytoplankton concentrations in either year. In



1984 sampling date and river flow (measured at Roanoke Rapids, N.C.) were
negatively correlated with the mean number of striped bass eggs and larvae found
in the study area. Striped bass eggs comprised 2.9% of the catch in 1984; 96%
of the catch was larvae with yolk and only 1.2% had developed beyond the yolk
stage. Greatest larval abundance was 3/m3 in Middle River on 23 May 1984,
Striped bass larvae were more abundant in 1985 and showed more growth and
development. Greatest abundance of larvae with yolk (67% of total catch) was

found from Williamston into the upper Roanoke delta in 1985; larvae beyond the
yolk stage (33%) were more abundant in the lower river, delta and western

Albemarle Sound. No eggs were collected from the study area in 1985.

In 1984, only 1% of the striped bass larvae were developed to the point at
which feeding was possible; these larvae were collected from Bachelor Bay in
western Albemarle Sound. Eleven percent of those capable of feeding contained
food (beetle larvae and Daphnia) in stomachs. Other larvae identifiable only
as Morone species, but probably striped bass, consumed Bosmina, Daphnia,
unidentified copepodids, and a seed. In 1985 first-feeding larvae were
collected as far upstream as Station 4 (above Plymouth); the number of larvae

with food was negatively correlated with sampling date and sample collection
time, and positively correlated with density of cladocerans and copepods. Major
food items in 1985 were cladocerans, primarily Bosmina, and copepodid stage
copepods. Larger larvae beyond the yolk and oil stage of development consumed
lTarger food items such as Daphnia, copepodid and adult copepods, and fish
(including Morone larvae). Unidentified internal parasites of two types were
found in at least 2% of all Morone larvae in 1985; possible effects on larvae
of this size are not known.

Under Tow flow conditions, it appears that striped bass larvae in the
Roanoke River and western Albemarle Sound are limited by food availability.
Under high flow conditions, striped bass eggs and larvae appear to be flushed
from the river thus reducing chances of survival even further.
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INTRODUCTION

For several hundred years the striped bass (Morone saxatilis) fishery

in the Roanoke River and Albemarle Sound, North Carolina, has been an important
component of the lives of coastal residents a; a source of income, sport, and
social interaction. The major spawning area for Albemarle Sound striped bass is
located in the Roanoke River, a swiftly-flowing coastal stream that empties into
the extreme western end of the Sound. Spawning occurs upstream between Halifax
(River Mile 120) and Weldon (RM 130), North Carolina, from late April through
early June (Hassler et al. 1981). The historical spawning grounds further
upstream were blocked by construction of the Roanoke Rapids Dam at RM 137 (McCoy
1959). Eggs develop to the hatching stage as they are transported downstream by
currents. After hatching, the larvae are transported downstream through the
Roanoke River delta and into western Albemarle Sound to the historical nursery
grounds (Street 1975).

Research conducted in Chesapeake Bay suggests that striped bass must have a
strong, successful year class at least every six years in order to maintain and
preserve stock size; a strong year class has not occurred in Chesapeake stocks
since 1970 (USDOI and USDOC 1985).  The Albemarle Sound striped bass stock has
been in decline for over a decade; a strong year class of Roanoke River striped
bass has not been observed since 1970, and no significant year classes have been
produced since 1976 (Hassler et al. 1981:; USDGI and USDOC 1985).

Studies conducted since the late 1970's have examined several factors that
may contribute to the decline of the Roanoke stock. Reduced egg viability was
suspected as the initial cause for decline of the adult population (Guier et al.
1980, Hassler et al. 1981), although "adequate” numbers of viable striped bass
eggs are spawned each year to produce sufficient recruitment to the population
(Kornegay 1981, Kornegay and Mullis 1984). Another potential problem may be
poor survival of juvenile striped bass on the nursery grounds in the western
Sound (Hassler et al. 1981). The juvenile trawl index conducted each year in
Albemarle Sound suggests that the numbers of juvenile striped bass are too low
to produce sufficient recruitment to the population (Hassler et al. 1981). Low
recruitment of larvae and early juveniles to the nursery ground was observed in



1982 and 1983 (Rulifson 1984a). These studies suggest that excessive mortality
occurs between hatching and juvenile 1ife stages.

Zooplankton surveys conducted in western Albemarle Sound in 1982 and 1983
(Rulifson 1984a) indicated Tow zooplankton densities relative to other estuarine
waters containing striped bass stocks (e.g., Potomac River Estuary;
Sacramento-San Joaquin Estuary). These data suggest that poor survival of
striped bass postlarvae and the smallest juveniles may be caused in part by an
inadequate food supply (quality and quantity). Predation by finfish predators
is not considered to be a major contributor to mortality of striped bass larvae
(Rulifson 1984b).

East Carolina University's Institute for Coastal and Marine Resources
(ICMR) conducted the study summarized by this report to meet the following
objectives: (1) to determine the relative abundance of striped bass yolksac
larvae and postlarvae in the lower Roanoke River, delta, and western Albemarle
Sound; (2) to determine the location in the river at which post-yolksac feeding
is initiated, relative to river flow; (3) to determine the availability and
density of zooplankton prey items present in the lower river, delta, and western
‘Sound; (4) to determine the density and species composition of phytoplankton
algae available to support zooplankton -production in the lower river and western
Sound; and (5) to determine prey items selected by young striped bass.

STUDY SITE DESCRIPTION

The total area of the Roanoke River basin is 25,033 km?

, making it the
largest basin of any North Carolina estuary (Giese et al. 1979). The widest
portion of the river (480 m) occurs near its mouth; areas upstream of Plymouth
may be less than 16 m wide. The delta is a drowned river valley filled with
sediments, forming a system of distributaries emptying into the extreme western
end of Albemarle Sound (Figure 1). Water depth usually varies between 2.5 m and
5.5 m but can change rapidly over a short distance. Shallow mudbanks may extend
several meters from shore to terminate in dropoffs over 18 m deep (Table 1). A
commercial navigation channel is maintained in the main channel from Albemarle

Sound to Palmyra, NC at RM 81. Dimensions of the channel are 3.6 m deep by 45.7
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Table 1. Water depth (m) of sampling locations in the lower
Roanoke River (Stations 1-4), delta (Stations 5-12) and
western Albemarle Sound (Stations 13-18), North Carolina.

STATION N AVERAGE MIN. MAX.

1 1 5.9 - -

2 1 5.2 - -

3 1 6.1 - -

4 1 6.1 - -

5 9 6.1 4.6 7.6

6 20 6.3 4.3 12.2

7 20 7.2 4.6 9.1

3 19 7.3 3.7 13.7

9 20 8.3 3.0 18.3
10 20 a3 3.0 5.2
11 20 6.4 3.7 7.9
12 19 5.9 3.7 7.6
13 16 2.5 1.8 3.0
14 17 2.5 2.1 2.7
15 17 2.4 2.1 3.0
16 1 2.1 - )
17 3 2.3 2.1 2.4
18 3 3.4 3.0 3.7




m wide from the river mouth to Plymouth, NC and 2.4 m deep by 24.4 m wide from
Plymouth to Palmyra.

Qutflow of the Roanoke River at the mouth is the second highest of any
North Carolina estuary; the annual average is aqproximately 252 m3/second, or
about 0.01 m3/sec/km2 (Giese et al, 1979). However, flow rate is highly
regulated by several reservoirs created primarily for hydropower generation.
The farthest downstream of these reservoirs is Roanoke Rapids Lake (dam at RM
137), which is therefore most important in its effects on flow in the Roanoke
River Estuary (Giese et al. 1979). The Roanoke River provides approximately 50%
of the freshwater input into Albemarle Sound. The tides and water flow patterns
near the river mouth are influenced to a great extent by prevailing winds and
amount of water released from Roanoke Rapids Dam. The lower Roanoke River is
essentially a freshwater system, even under extreme drought conditions, because
of the combination of relatively high outflow, small cross-sectional area,
low-flow augmentation from Roanoke Rapids Lake, and low salinity in Albemarle
Sound (Giese et al. 1979).

METHODS

Sample Collections

Sampling for ichthyoplankton, zooplankton, and phytoplankton in the lower
river and western Sound was conducted in the springs of 1984 and 1985,
Collection efforts were initiated just prior to the estimated peak spawning
activity of adult striped bass in upstream areas near Weldon and Halifax (Figure
1). In 1984 sampling efforts began on 18 May and terminated on 18 June when
striped bass larvae were no longer present in the samples. In 1985, spawning
activity was the earliest on record. Sampling efforts began on 26 April and
continued through 10 June.

Similar sampling locations were used in 1984 and 1985, Stations 1, 2, 3,
and 4 were positioned between Williamston (RM 37.5) and just upstream of the
Roanoke River delta. These stations were sampled by North Carolina Wildlife
Resources Commission personnel on alternate nights for a two-week period.



Eleven stations near Plymouth were sampled on alternate nights by Institute
personnel, Sampling began after dusk and usually regquired between four and six
hours to complete. Water temperature (OC) and salinity (o/00) were recorded
at selected stations. In 1984 many larvae were swept downstream and into
Batchelor Bay (western Albemarle Sound) due to high freshwater runoff;
therefore, stations 16, 17, and 18 were added late in the spawning season and
stations 5, 6, and 7 were dropped to concentrate efforts over a greater area in
western Albemarle Sound. In 1985, larvae remained in the Tower river and delta;
all river stations were sampled for the entire period and station 16 1in
Batchelor Bay was sampled on the last trip (10 June).

In 1984, ichthyoplankton were collected by towing Tucker trawls in an
oblique manner for six minutes. Each Tucker trawl was constructed of 505 um

nitex mesh material with a 0.5 m2

mouth opening and 1:6 mouth to tail ratio.
A General Oceanics (model 2030) flowmeter with high-speed propeller was mounted
in the net mouth for estimation of water volume filtered. Duplicate samples
were obtained at Stations 1-4 by towing the trawl once against the current,
emptying the sample cup, and then towing a second time. Replicate samples at
Stations 6-18 were taken simultaneously by using paired Tucker trawls mounted on
the same frame. Sampling at Station 5-was by duplicate tows during the period
of 22 May to 2 June, and by replicate tows thereafter. Ichthyoplankton samples
were placed on ice for 10 minutes to minimize regurgitation of stomach contents
by larvae, then preserved in 5% buffered formalin containing Rose Bengal for
laboratory processing.

In 1985, ichthyoplankton were collected at Stations 1-4 by duplicate Tucker
trawls in a manner similar to the 1984 study. Stations 6-15 were sampled in
replicate by towing paired 0.5-m diameter conical nets in an obligue manner for
six minutes. Each conical net was constructed of 505 um nitex mesh material
with a 1:6 mouth to tail ratio mounted in a bongo frame. Station 5 was sampled
by duplicate tows of a Tucker trawl during the period May 4-16, and by replicate
bongo nets thereafter. Samples were procured and preserved in a manner similar
to that used in 1984, :

Zooplankton samples were coilected in 1984 and 1985 using nets constructed
of 250 um nitex mesh, with a 0.35-m diameter mouth opening and 1:6 mouth to tail



ratio. A flowmeter with slow speed propeller was mounted in the net frame.
Initially, samples of six minute duration were taken against the current, but
sample duration was reduced to three minutes to minimize clogging problems
caused by high concentrations of suspended solids in the water. Zooplankton
samples were preserved in 5% buffered formalin containing Rose Bengal.

Phytoplankton samples (whole water) were taken at each station by
submerging a one-liter plastic bottle just below the water's surface and
allowing it to fill. Each sample was preserved with Lugols' acetic acid-iodine
solution (Wetzel and Likens 1979). Additional water samples were collected and
chilled for laboratory measurements of chlorophyll a. Methods of collection
and preservation were the same for both years.

Whole water samples were collected from eight locations in 1985 to
determine water quality of the Roanoke River just above the spawning grounds,
and in the lower river, delta, and western Albemarle Sound. Water samples were
collected daily from just below Roanoke Rapids at Weldon, North Carolina
(Stations 20 and 21), during the period of 23 April to 6 May. Water samples
from the lower river (Stations 1 and 3) were taken by North Carolina Wildlife
Resources Commission personnel on alternate nights from 4 May to 16 May.
Samples from Station 5 were collected on alternate nights from 4 May through 10
June. Delta (Stations 7 and 10) and western Sound (Station 15) water samples
were collected on alternate nights from 4 April through 10 June.

Three water samples were collected at each site by submerging l6-0z.
plastic bottles below the water's surface heel-first to a depth of approximately
0.4 m. Two water samples, one for heavy metals analyses and a second for
PO4-P analyses, were stabilized by packing them in ice. The third sample was
preserved with 2 ml of 25% HZSO4 for nitrogen and total phosphorus analyses.
The samples were shipped by courier to the NCDNRCD Division of Environmental
Management (Water Quality Section) in Raleigh, North Carolina, for analysis
using U.S. Environmental Protection Agency standard procedures (USEPA 1979).
Temperature (OC) was measured by thermometer; dissolved oxygen (mg/1) and pH
were measured by Hach kit.

On 27-29 August 1985, N.C. Wildlife Resources Commission personnel
monitored temperature, oxygen, and salinity along three transects (6 stations



per transect) across Albemarle Sound in order to estimate the water flow
patterns in the Sound during a low-flow year. The transect locations were: (A)
western Albemarle Sound from Horniblow Point (north) to a point east of the
railroad trestle (south); (B) central Albemarle Sound from the mouth of Little
River (north) to Ship Point (south); and (C) mouth of the North River (north) to
Durant's Island (south) (Figure 2).

Sample Processing

A1l larvae and small fish were removed from each ichthyoplankton (505 um
mesh) sample for enumeration and examination. Morone larvae were identified
and measured, and stage of development was noted. Several criteria were used in
combination to separate striped bass from white perch, including length of the
body at a specific stage of development and anal fin ray development at later
developmental stages (Mansueti 1964, Lippson and Moran 1974). Morone species
in feeding condition were examined for gut contents. Each food item was
identified to the Towest practical taxon and enumerated. The average number of
each food item ingested per fish was calculated by counting the total number of
each food item and dividing by the total number of fish with food present in
stomachs. Morone larvae were also examined for internal parasites.

Zooplankton (250 um mesh) samples were processed using a standard subsample
method. Each sample was diluted to 500 ml. A 5-ml subsample was removed from
the sample, and all organisms were identified to the lowest practical taxon and
enumerated. This process was repeated two more times. The average number of
each organism group in the sample was calculated and reported as number per m3
of water filtered. Zooplankton wet weight biomass (ug/1) was estimated by
measuring lengths of representative animals from the samples and using dry
weight/length relationships described by Dumont et al. (1975).

Phytoplankton samples were processed using the membrane filtration method
(A.P.H.A., 1975). The preserved algae were concentrated by filtering the sample
through a 0.45 um pore size membrane filter. Concentrated algae were counted
using an inverted microscope and reported as numbers of individuals per liter.
These counts were converted to volume (cubic microns) by estimating the volume
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quality measurements in August 1985.



of an average individual of each species with geometric formulae. The total
volume of algae per liter was converted to weight by assuming a specific gravity
of unity.

Chlorophyll a analyses were performed by the standard acetone extraction
method (Strickland and Parsons 1972) and reported as micrograms per liter of
water,

Data Analyses

Due to the differences in catch of ichthyoplankton between duplicate 500 um
mesh nets, it was necessary to test for trends in the catch pattern between the
paired nets, and for variability in paired catéhes by station and date. The
number of striped bass larvae caught in each net was converted to density
(number /100 m3); duplicate tows were tested for differences by paired t-test.
Overall, there was no significant difference (P>0.05, n= 474) in catch between
the paired nets, due primarily to the high variability in catch of both nets.
Therefore, density values of the two duplicate tows taken at a given station and
date were averaged to reduce the variance component of ‘ichthyoplankton
distribution associated with collecting replicate samples.

Sampling dates (Julian date) and river flow (recorded at Roanoke Rapids,
NC) were used as independent variables in a Pearson product-moment correlation
analysis to determine their effects on the presence and abundance of larval
striped bass and zooplankton in the river and western Sound. Various
combinations of river flow were used in the analysis: mean daily discharge of
river flow measured at the dam (FLOWO) and lagged with fish abundance from one
to four days (FLOWL1 - FLOWL4); and mean daily river flow calculated as a two-
or three-day moving average (FLOWMA2, FLOWMA3) lagged several days (Table 2).
The independent variables showing the best correlation were then subjected to
multiple regression analysis to predict their effects on mean densities of
striped bass life stages and zooplankton organism groupings. Catches of both
ichthyoplankton and zooplankton were greater in 1985 and provided a stronger
data base for statistical analyses. Therefore, additional analyses were
performed on the entire 1985 data set to determine effects of sample location
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Table 2.

Variables used in Pearson product-moment correlation analyses for
abundance of striped bass eggs and larvae, zooplankton, and
phytoplankton in lower Roanoke River and western Albemarle Sound,
North Carolina. River flow was measured as discharge (cfs) from
Roanoke Rapids Lake near Roanoke Rapids, North Carolina, and used in
the analysis as mean daily discharge (data from U.S. Geological
Survey).

Variable

name Description

JULDATE Julian date on which sample was collected (1 January = day 1)

TEMP Water temperature (°C) within the delta and western Sound averaged
over all stations by date

TIME Time at which sample was collected

STATION Station at which sample was collected

FLOWO River flow measured at Roanoke Rapids

FLOWL1 River flow measured at Roanoke Rapids, lagged 1 day

FLOWL? River flow measured at Roanoke Rapids, lagged 2 days

FLOWL3 River flow measured at Roanoke Rapids, lagged 3 days

FLOWL4 River flow measured at Roanoke Rapids, lagged 4 days

FLOWMA2 River flow calculated as two-day moving average by time series
analysis

FLOWMA2L1  River flow calculated as two-day moving average by time series
analysis, lagged one day

FLOWMA2L2  River flow calculated as two-day moving average by time series
analysis, lagged two days

FLOWMA2L3  River flow calculated as two-day moving average by time series
analysis, lagged three days

FLOWMA3 River flow calculated as three-day moving average by time series

analysis

[y
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Table 2 (continued).

Variable

name Description

PHYTOB Phytoplankton wet wet biomass (ug/1) averaged for all stations by
date

PHYTOD Phytoplankton cell density (cell/ml) averaged for all stations by
date

TZ0 Density (number/m3) of all zooplankton averaged for delta and
western Sound stations by date

BOSM Density (number/m3) of all Bosminé averaged for delta and
western Sound stations by date

CLAD Density (number/m3) of all Cladocerans (excluding Leptodora)
averaged for delta and western Sound stations by date

COPE Density (number/m3) of all Copepods for delta and western Sound
stations by date

STAGE1 Density of striped bass larvae with yolk (Stage 1) averaged for

delta and western Sound stations by date

12



(STATION) and collection time (TIME) on densities and feeding of striped bass
larvae. River flow fluctuated very little in 1985; flow analyses were limited
to use of mean daily discharge lagged from one to three days.

RESULTS

Water Quality - River, Delta, and Western Sound

FLOW. River flow below the dam at Roanoke Rapids, measured as mean daily
discharge (cfs), ranged widely during the 1984 study period (Figure 3), but
overall was higher than normal. During the first half of May, flow averaged
about 19,000 cfs, which is twice the mean flow rate in May averaged over the
past 25 years (9892 cfs). During the second half of May and first half of June
1984, discharge below the dam fluctuated around 10,000 cfs -- higher than the
25-year monthly mean for June of 7475 cfs -- before falling to about 2000 cfs
after 15 June. In 1985, flow rates were much Tower than normal due to the
extremely dry spring. In April 1985, flow averaged approximately 2500 cfs,
which is below the 6000 cfs minimum flow required by the state during striped
bass spawning. On 7 May, discharge from Roanoke Rapids Lake was increased to
6000 cfs. for an eight-day period coinciding with estimated peak spawning
activity, after which the average daily discharge fell back to approximately
2000 cfs for the next 10 days. Then, river flow fluctuated between 2000 and
8000 cfs until around 20 June.

TEMPERATURE. 1In 1984, water temperatures ranged from 20.5 to 24.006 at
Stations 1-5 during the period 22 May to 2 June, but varied by less than one
degree Celsius for any one sampling trip over the distance traveled
(approximately 23 river miles). Delta and western Sound temperatures (Stations
6-18) were slightly cooler, ranging from 15 to 230C between 18 May and 2 June
but never more than 2°¢C during any one sampling trip. By 16 June, water
column stratification was evident in Albemarle Sound (Station 17); water
temperature was 29%C at the surface and 25°C near the bottom at a depth of

4

approximately 2.4 m.
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Water temperatures were more variable in 1985, changing as mdch as 3°c
over the sampling range for any one sampling trip (Appendix A). Water
temperatures were less variable near the Weldon spawning grounds (Station 20,
21-23.5°C) than at delta and western Sound locations (Stations 7,10, and 15;
21-30°C) (Table 3).

DISSOLVED OXYGEN AND PH. In 1984, dissolved oxygen ranged between 6.0 and
8.0 mg/1 in the lower river (Stations 1-5) throughout the study. River water
was slightly acidic (pH approximately 6.5). Equipment failure prevented
determination of dissolved oxygen and pH in the delta and western Sound.

Oxygen and pH values showed greater variability in 1985. In stations other
than Station 20, no differences in mean dissolved oxygen values were apparent
(Table 3); however, there was considerable variability at some stations over the
sampling period. Low oxygen levels of 4.0 mg/1 were recorded at Station 3
(Jamesville), Station 7 (Weyerhaeuser near Plymouth), and Station 15 (Batchelor
Bay) in early May 1985 (Appendix A). Hach kit measurements of pH ranged between
7.0 and 8.5 in 1985,

NITROGEN AND PHOSPHORUS. In 1985 ammonia nitrogen (NH3
averaged 0.05-0.07 mg/1 upriver between Station 20 (Weldon) and Station 5
(Thoroughfare), and 0.10-0.18 mg/1 at Stations 7, 10, and 15 downriver from the
Weyerhaeuser pulp mill and municipal wastewater treatment plant outfalls near

-N) concentrations

Plymouth (Table 3). Total Kjeldahl nitrogen (TKN) showed a similar pattern;
mean values ranged between 0.27 mg/1 and 0.33 mg/1 at the upriver stations and
between 0.40-0.46 mg/1 at Stations 7, 10, and 15. However, nitrate plus nitrite
nigrogen (N03-N+N02-N) levels were no higher downriver than upriver,
averaging 0.16 mg/1 at Stations 20 and 10, and 0.23 mg/1 at Station 5.
Orthophosphate phosphorus (P04-P) mean concentrations ranged from <0.01 mg/1
at Station 5 to 0.04 mg/1 at Station 20, with maximum values occurring downriver
at Stations 10 and 15. No strong pattern in spatial variability was observed
(Appendix A). Finally, total phosphorus, averaged over time for each station,
ranged between 0.05 mg/1 at Station 5 to 0.11 mg/1 at Station 10 (Table 3).
Both the highest average value and highest individual values of total phosphorus
measured were at Station 10, a short distance downriver from the pulp mill and
sewage treatment outfalls mentioned above.
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Table 3. Water quality information for lower Roanoke River, delta, and
western Albemarle Sound, North Carolina, for the period 26 April
- 10 June 1985. Stations as in Figure 1.

Station
Variable 20 1 3 5 7 10 15
D.O. n 12 7 7 15 18 18 16
(mg/1) X 8.9 7.6 6.0 6.5 6.4 6.9 6.3
S.D. 0.67 0.53 1.41 0.55 0.92 1.24 0.9
min 8.1 7.0 4.0 6.0 4.0 5.0 4.0
max 9.6 8.0 8.0 7.5 8.0 9.0 8.0
Temp n 12 7 7 15 19 20 19
(oC) X 21.9 22.6 22.4 23.8 24,1 25.1 24,6
5.D 0.97 0.53 0.79 1.61 1.47 1.85 1.98
min 21 22 21 21 21 22 21
max 23.5 23 23 27 27 30 28
NH3=N n 13 7 7 15 20 20 19
(mg/1) X 0.07 0.05 0.06 0.06 0.10 0.18 0.16
S.D 0.05 0.02 8.02 0.04 0.19 0.18 0.12
min 0.03 0.03 0.04 0.01 0.02 0.01 0.02
max 0.21 0.09 0.07 0.18 0.72 0.65 0.52
TKN n 13 7 7 15 20 20 19
(mg/1) X 0.33 0.27 0.29 0.27 0.40 0.46 0.44
S.D 0.06 0.12 0.07 0.07 0.43 0.21 0.20
min 0.2 0.06 0.2 0.2 0.2 0.2 0.20
max 0.4 0.4 0.4 0.4 2.0 1.0 1.0
NO3+NO2-N n 13 7 7 15 20 20 19
(mg/1)” X 0.16 0.21 0.22 0.23 0.21 0.16 0.19
S.D 0.04 0.06 0.06 0.14 0.18 0.05 0.05
min 0.09 0.16 0.17 0.03 0.03 0.06 0.10
max 0.22 0.31 0.30 0.54 0.94 0.26 0.33
POg4.P n 13 7 7 15 20 20 19
(mg/1) X 0.04 0.01 0.01 <0.,01 0.01 0.03 0.03
S.D. 0.01 0.05 0.05 0.05 0.04 0.04 0.02
min 0.02 0.01 <0.01 <0.01 <0.01 <0.01 0.01
max 0.07 0.02 0.02 0.02 0.07 0.13 0.10
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Table 3. (Cont'd)

Station
Variable 20 1 3 5 7 10 15
Total P n 13 7 7 15 20 20 19
(mg/1) X 0.09 0.06 0.07 0.05 0.07 0.11 0.10
S.D. 0.02 0.01 0.02 0.02 0.06 0.06 0.06
min 0.07 0.04 0.05 0.04 0.04 0.04 0.04
max 0.12 0.08 0.11 0.10 0.28 0.29 0.24
Total AL n 14 7 7 15 20 20 19
(ug/1) X 835.7 800.0 689.7 466.7 460.0 460.0 426.3
S.D. 636.8 288.7 234,00 219.3 135.3 150.1 199.6
min 200 400 500 <100 300 300 <100
max 2400 1200 1200 300 300 900 300
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HEAVY METALS. Aluminum was the only element with concentrations
consistently above minimum detectable level (100 ug/1) during the 1985 sampling
period (Appendix A). Highest values reached 2,400 ug/1 just above the spawning
grounds (Station 20) near Weldon, North Carolina. Average concentrations were
highest upstream (835.7 ug/1), decreasing downriyver to 426-466 ug/1 in the delta
(Station 10) and western Sound (Station 15, Table 3). Other elements detected
in small concentrations were mercury (0.2-0.8 ug/1), lead (200 ug/1), zinc
(20-50 ug/1), and copper (30 ug/1) (Appendix A).

Summer Water Quality - Albemarle Sound

Measurements at stations along the transects across the Sound in late
August 1985 indicated stratification of the water column in certain locations.
Vertical profiles of temperature, salinity, and dissolved oxygen for stations on
the westernmost transect "A" indicated there was mixed fresh water at Station 1A
in the shallow waters near Horniblow Point (north) and Station 6A east of the
railroad trestle (south). The water column was stratified at Stations 2A-5A in
the open area of the western Sound, with warmer, fresh water from the Roanoke
and Chowan Rivers overlying slightly cooler and brackish water from central
Albemarle Sound (Figure 4). The water.co1umn across transect "B" was comprised
of brackish water of fairly uniform consistency in salinity, temperature, and
dissolved oxygen. These data indicated good vertical mixing of the water column
in central Albemarle Sound (Figure 5). Vertical stratification of the water
column was apparent near the bottom in the deeper areas (Stations 2C-5C) of
eastern Albemarle Sound (Figure 6). Most of the water column was brackish water
(5 0o/0o0) overlying a wedge of saltier water (8-11 o/00). The shallow areas
along the north (Station 1C) and south (Station 6C) shores of eastern Albemarle
Sound were brackish (5 0/00), well-mixed waters high in dissolved oxygen (9
mg/1).
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Figure 5. Profiles of water temperature (OC), dissolved oxygen (mg/1), and salinity (o/o0o0)
collected in August 1985 from central Albemarle Sound (Transect B), North Carolina. Data
provided by Wildlife Resources Commission, Division of Inland Fisheries.
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Ichthyoplankton

SPECIES COMPOSITION. Larvae of fish species from both estuarine and
freshwater habitats were collected in 1984 and 1985. Those larvae identified to
species included striped bass, white perch (Morone americana), pirate perch

(Aphredoderus sayanus), common carp (Cyprinus carpio), eastern mudminnow

(Umbra pygmaea), yellow perch (Perca flavescens), Atlantic croaker

(Micropogonias undulatus), longnose gar (Lepisosteus osseus), Atlantic

needlefish (Strongylura marina), Atlantic menhaden (Brevoortia

tyrannus), brown bullhead (Ictalurus nebulosus), white catfish

(Ictalurus catus), and hogchoker (Trinectes maculatus). Juvenile

American eel (Anguilla rostrata) were also collected. Other larval fishes

were present but were not identified to species: herring (Clupeidae sp.),
Notropis sp., centrarchids, and darters (Percidae). Larvae of the white
sucker (Catostomus commersoni) were caught in the lower Roanoke River only
in 1984,

A total of 2829 fish identified as striped bass were caught in

ichthyoplankton nets in 1984, with the greatest concentration of larvae (3/m3)
at Station 10 on 23 May. Striped bass larvae were more abundant in 1985. A
total of 3217 striped bass larvae were collected; greatest numbers (7.7/m3) of
larvae with yolk were found at Station 6 on 12 May. Striped bass in several
stages of development were found throughout the study area.

DISTRIBUTION OF STRIPED BASS EGGS. In 1984 striped bass eggs comprised
2.9% of the total catch of striped bass. Eggs were present at Stations 1-6 just
after sampling was initiated, and remained in samples through 31 May (Table 4).
The most downstream point in the delta for occurrence of striped bass eggs was
Station 12 on 22-23 May. Egg abundance (Figure 7) was negatively correlated
with sampling date (r=-0.702) and river flow (Figure 8) lagged by three days
(FLOWL3, r=-0.685)(Table 5). Julian date and river flow, lagged by three days,
explained 60% of the variability in average egg abundance (n=11; df=9;
R2=0.60; P=0.025) in the study area for 1984 (Table 6).

Striped bass eggs were not found at any of the sampling locations in 1985.
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Distribution and abundance (number/100 m3) of striped bass eggs in Roanoke River and

Table 4.

Asterisk (*) indicates no sample

1984.

in

western Albemarle Sound, North Carolina,

collected.
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Figure 7. R§1ationship of sampling date to mean density (number/100
m”) of striped bass eggs, larvae with yolk (Stage 1), and
larvae without yolk (Stage 2) present in the study area

(Stations 1-18) in 1984.
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Table 6. Multiple linear regression models of Julian date (JULDATE) and river flow, lagged three
days (FLOWL3), on mean densities of striped bass and zooplankton present throughout lower
Roanoke River and western Albemarle Sound (Stations 1-18) in 1984.

‘ Independent Regression 2
Dependent variable n df variables Bi coefficients R p
Striped bass:
Eggs 11 2,7 constant b0 6.991 0.60 0.025
- JULDATE b1 -0.038 5
FLOWL3 b2 -7.612x10"
Larvae (yolk) 11 2,7 constant by 134,555 0.44 0.097
JULDATE b1 -0.573 -3
FLOWL3 b2 -3.186x10
Larvae (no yolk) 11 2,7 constant bO 1.993 0.08 0.730
JULDATE b1 -0.010 5
FLOWL3 b2 -1.995x10"
Zooplankton:
All 14 2,11 constant b0 -98.084 0.06 0.709
JULDATE b1 3.644 3
FLOWL3 b2 9.130x10”
Cladocerans 14 2,11 constant bO 1063.950 0.18 0.346
JULDATE b1 -5.085 3
FLOWL3 b2 2.941x10°
Copepods (all) 14 2,11 constant bO -91.813 0.23 0.234
JULDATE b1 1.776 5
FLOWL3 b2 -5.959x10"




DISTRIBUTION OF STAGE 1 LARVAE. In 1984, larvae with yolk (Stage 1)
comprised 96% of the striped bass caught and were present in the study area from
22 May until 10 June (Table 7). Stage 1 Tarvae were most abundant in the lower
river (stations 1-4) and delta (stations 5-12). Mean study area density of
Stage 1 larvae was negatively correlated with sampling date (r=-0.515) and
FLOWL3 (r=-0.643). Prediction of larval abundance using sampling date and flow
in the multiple linear regression (Table 6) was significant at P<0.10).

In 1985, stage 1 larvae comprised only 67% of larval striped bass
collected. Stage 1 larvae were present in the study area from initiation of
sampling (26 April) until 6 June. No stage 1 larvae were present in samples
collected on 10 June (Table 8). Peak abundance occurred on 12-May (Figure 9).
Greatest densities throughout the study period occurred in the Tower river
(Stations 1-4) and upper delta (Stations 5-7). Correlation analysis indicated
weak, but significant, correlations of Stage 1 larvae with STATION and TIME
(Table 9). However, samples were collected in the same order on each sampling
trip, which made it impossible to ascertain the relative importance of these two
variables on striped bass density. Stepwise regression (SAS Institute 1982)
selected STATION and copepod density as two factors predicting the abundance df
Stage 1 larvae (P<0.001, n=170); however, the R2 was quite Tow (0.113),
suggesting that other factors not considered in the analysis were responsible
for variability in the data (Table 10). The average density of Stage 1 larvae
in the delta and western Sound (Stations 5-15) was not highly correlated with
any of the variables considered (Table 11), and none met the 0.15 significance
Tevel for entry into .a stepwise regression model (Table 12).

DISTRIBUTION OF STAGE 2 LARVAE. In 1984, Stage 2 larvae were limited in
number (1.2% of total striped bass catch), and occurred at Stations 3 and 5 in
the lower river early in the sampling season. Stage 2 larvae were last observed
in samples from western Albemarle Sound on 2 June (Table 13). Correlations of
stage 2 larval abundance with sampling date and river flow were not significant
(P>0.10) due to the Tow numbers of larvae collected. An additional 298 striped
bass larvae were found in zooplankton catches. No striped bass larvae without
0oil globules, and no juveniles, were collected in the study area in 1984,
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Roanoke River and western Albemarle Sound, North Carolina, in 1984.

Distribution and abundance (number/100 m3) of Stage 1 (with yolk) striped bass larvae
indicates no sample collected.
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Table 8. Distribution and abundance (number/100 m3) of Stage 1 (with yolk) striped bass larvae
in Roanoke River and western Albemarle Sound, North Carolina, in 1985. Asterisk (*)
indicates no sample collected.

Stage 1 S T A T 1 0 U Total by Avg. by
Date Date
DATE 1 2 3 4 5 6 7 ] 9 10 11 12 13 14 15 16
4/26/85 * * * " . 3.74 23,95 2.2¢, 0.00 11.22 0.00 2.2 0.00 0.00 0.00 * 43.32 4,33
4/28/85 * * * * . 23.60 5.80 0.00 2.5 0.00 0.00 0.00 2.02 0.00 0.00 * 33.98 3.90
4/30/85 * * * * * 5.17 3.70 0.00 22.76 14.9 3.06 53.7% 0,00 0.00 2.09 * 105.43  10.%4
5/2/85 * * * * * 6.55 16.35 0.00 0.% 6.45 1.58 0.97 0.00 0.00 0.00 b 32.86 3.29
5/4/85 9,77 20.71 7.91 1.05 6.10 55.58 14.91 5.8  15.90 0.00 0.00 0.93 0.00 0.00 0,00 * 219.75  14.65
5/6/35 76,21 4.03 35,79 19,41 9504 2305 2L.30 5.79 3.81 0.00 8.32 0.00 0.00 0.00 0.00 * 328.81 21,92
5/8/85 69.90 115.01 66.83 4.55 5.30 250.83 37.23 0.00 0.00 0.00 0.80 0.00 8.88 0.00 0.00 * 829.23 55.28
5/10/85 7346 141,30 33.87 270.94 3111 91.30  34.15 %334 76.21 0.00 12.05 0.00 3.09 1.59 5.4 * 812.95 54.20
5/12/35 23.75 22,75 76.78 148,51 173.02 352.28 694.26 41.15 173.01 0.00 16.74 0.00 3.43 9.24  23.85 * 1756.77 1742
5/14/85 85.14  61.37 73.39  18.33 0.00 11.57 8.23 177.46  66.61 0.00 26.46 0.00 1.08 0.00 7.25 * 53%.94 35.80
5/16/35 2.0 A0 43.%2  15.31 25,02 83.00 * 4.30 0.00 32,01 3.47 0.00 0.00 0.00 2.37 . 251.30 17,95
5/18/85 * * * * * 55.49 6.45 0.93  93.8% 0.00 13.34 6.90 0.00 0.00 0.96 * 178,00 17.80
5/20/35 . * * * 40,17 1.9 13.39 8.97 3.26 7.60 232 22.89 0.00 0.00 2.32 * 102,88 9,35
5/22/85 * * * * 26,23 0.0  22.36 0.96 0.00 0.00 4.88 1.9 0.00 0.00 0.00 * 55,52 5.05
5/24/85 * * * & 599 1.2 0.84 0.00 1.08 0.70 0.91 27.93 0.00 0.00 0.00 * 47.70 4.34
5/26/35 * * * * 15.60 0.02 1.93 1.03 0.00 0.00 3.25 0.03 0.00 0.00 0.00 * 21.86 1.99
5/23/35 * * * * 0.77 2.85 1.01 0.00 1.94 0.00 0.0 3.01 * * * * 9.59 1.20
6/2/35 * * * * 0.9 8.87 0.00 8.22 0.00 2.10 0.00 0,00 0.00 0.00 0.00 * 20.00 1.83
6/6/35 b * * * 1.09 4.49 0.00 0.00 1.06 0.00 0.00 0.00 1.01 0.00 0.00 * 7.65 0.70
6/10/85 * b * * 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total by station 421,89 433,47 343.39 473.15 426.3% 1300.59 1175.87 230.35 463.04 74,93 97.18 119.67 19.50 10.83 4.3 0.00
Avg. by station 60.27 61.92 4.06 6331 28.42 50.03 61.89 14.52  23.15 3.75 4.86 5.93 1.03 0.57 2.4 0.00
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Table 9. Results of Pearson product-moment correlation analysis for densities (number/100 m3)
of two striped bass 1ife stages, their feeding habits, and their relationship to
food density (number/m”) and spatio-temporal variables in 1985. Numbers given are
Pearson correlation coefficients (r). Descriptions of independent variables in

Table 2.
Density % of larvae with food
Independent Tarvae, Tarvae, Tarvae, Tarvae,
variable n yolk n no yolk n yolk n no yolk
JULDATE 176 -0.009 176 -0.013 99 -0.291** 84 -0.502%**
STATION 176 -0.298*** 176 0.246%** 99 0.144 84 0.278*
TIME 176 0.177* 176 0.144 . 99 -0.244%* 84 -0.304**
CLADOCERA 171 -0.040 171 -0.038 95 0.249* 81 0.401%**
COPEPODA 171 -0.119 171 -0.109 95 0.380*** 81 0.369***

Significance level:
* P<0.05

** P<0.01

**%% P<0.001
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Table 10. Multiple linear regression models for densities of two striped bass life stages and
their feeding habits in the Roanoke River and western Albemarle Sound, North
Carolina (stations 1-16), in 1985 determined by Stepwise (maximum R-square improve-
ment) (SAS Institute 1982).

Cp=Ma11ows statistic.

Dependent Variables Model Regression 9
variable df Considered Selected B. coefficient R Prob>F Cp
Density:
larvae, 170 JULDATE, STATION b0 111.337 0.113 <0.001 0.756
yolk TIME, COPE, CLAD STATION b1 -7.974%%%
COPE b2 -0.007+
larvae, 170 JULDATE, STATION DO 40.071 0.081 <0.001 0.810
0il TIME, COPE, CLAD STATION bl -2, 179%%*
COPE b2 -0.003+
Feeding (% at each
station with food
in gut):
larvae, 94 JULDATE, STATION bO 337.784 0.277 <0.001 3.530
yolk TIME, COPE, CLAD JULDATE b1 -1,222%%
TIME b2 -0, 060%
COPE b3 0.008%**
larvae, 80 JULDATE, STATION b0 434.244 0.385 <0.001 3.982
oil TIME, COPE, CLAD JULDATE bl -1.864%%*
TIME b2 -0.063*
COPE b3 0.006**

Significance level:

+ P<0.10
* P<0.05
** P<0,01
**% P<0,001



Table 11. Results of Pearson product-moment correlation analysis for densities of two striped bass life

stages, zooplankton, phytoplankton and spatio-temporal variables in 1985.
Pearson correlation coefficents (r). NA= value not applicable.

Numbers given are

Striped bass Zooplankton Phytoplankton
Independent Tarvae, Tarvae, Bos- Clad- Cope- wel wt. cell
variable n yolk no yolk all mina ocera poda- biomass density
JULDATE 20 -0.198 -0.268 -0.715%%%  _(Q,725*%*x  _(0,684***  _(,594%* 0.063 -0.660**
TEMP 20 -0.272 -0.324 -0.384+ -0.333 -0.323 -0.321 0.020 -0.578**
FLOWO 20 0.216 -0.055 -0.493* -0.485* -0.411+ -0.537* -0.286 -0.073
FLOWL1 20 -0.188 -0.237 -0.323 -0.345 -0.299 -0.289 -0.107 -0.436+
FLOWL?2 20 -0.078 -0.087 -0.133 -0.154 -0.170 -0.069 -0.093 -0.026
FLOWL3 20 -0.236 -0.009 -0.289 , -0.183 -0.244 -0.329 0.238 -0.186
BOSM 20 -0.165 -0.191 0.893***  NA 0.870*** 0.791***x  -0.087 0.471*
CLAD 20 -0.116 -0.131 0.960%** 0.870***  NA 0.703*%**  -0.058 0.606**
COPE 20 -0.333 -0.148 0.863*** 0.791*** 0.703**%*x  NA -0.347 0.209
Tz20 20 -0.217 -0.145 NA 0.893*** 0.960%** 0.863*** = -0.170 0.522*
PHYTOB 20  -0.261 -0.262 -0.170 -0.087 -0.058 -0.347 NA -0.166
PHYTOD 20 0.253 -0.257 0.522%* -0.471* 0.607** 0.209 -0.167 NA

Significance level:
+ P<0.10
* P<0.05

** P<0.01

**% P<0,001
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Table 12. Multiple linear regression models for mean densities of two striped bass life stages, zooplankton,
and phytoplankton in the Roancke River and western Albemarle Sound, North Carolina (Stations
5-15), in 1985 determiried by Stepwise (maximum R-square improvement) Procedure (SAS Institute

1982). Cp= Mallows statistic.
Dependent Variables Model Regression 2
variable df Considered Selected Bi coefficient R Prob>F Cp
Striped bass:
larvae, 19 JULDATE, FLOWO, none met the 0.15 significance level for entry into model
yolk FLOWLT, FLOWL2, ' '
FLOWL3, BOSM,
- CLAD, COPE, TEMP
larvae, 19 JULDATE, FLOWO, b0 4,281 0.405 0.002 -2.295
no yolk FLOWL1, FLOWL2, STAGE1 b1 0.273%*
FLOWL3, BOSM,
CLAD, COPE, STAGEL
TEMP
Zooplankton:
Al 19 JULDATE, TEMP, bO 10816.726 0.512 <0.001 -0.702
FLOWO, FLOWLI, JULDATE b1 -68.107%*%*
FLOWLZ, FLOWL3
Bosmina 19 JULDATE, TEMP, bO 3439.889 0.595 <0.001 1.000
FLOWO, FLOWLI, JULDATE bl -26.148%%*
FLOWL2, FLOWL3 TEMP b2 79.249
Cladocera 19 JULDATE, TEMP, bO -6355.010 0.468 <0.001 -0.631
(all) FLOWO, FLOWL1, JULDATE 'b1 -42 ,406%%*
FLOWL2, FLOWL3 :
Copepoda 19 JULDATE, TEMP, bO 3860.792 0.353 0.006 0.503
(all) FLOWO, FLOWLI, JULDATE bl -22.126%%%

FLOWLZ, FLOWL3
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Table 12. continued.

Dependent Variables Model Regression 2
variable df Considered Selected Bi coefficient R Prob>F Cp
Phytoplankton:

wet weight 19
biomass

cell 19
density

JULDATE, TEMP,
FLOWO, FLOWL1,
FLOWL?, FLOWL3

JULDATE, TEMP,
FLOWO, FLOWL1,
FLOWL2, FLOWL3

none met the 0.15 significance level for entry into model

by~ 27732.550 0.531  0.002  2.202
JULDATE by ~194,609%+*
FLOWO b, 0.503+

Significance level:
+ P<0.10
* P<0.05
** P<0.01
*%% P<0,001



Table 13. Distribution and abundance (number/100 md) of Stage 2 striped bass larvae (with and

without o0il) in Roanoke River and western Albemarle Sound, North Carolina, in 1984.

Asterisk (*) indicates no sample collected.
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0
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0.00

2.15
0.15
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0.00

0.00 0.00
0.00 0.00

0.00
0.00

0
0

22,64 0.00
0.00

0.0
0.00

0.0 0.0)
0.00

0.0

Total by station
Avg. by station

2.26




Stage 2 larvae represented 33% of the striped bass collected in 1985.
Stage 2 larvae occurred infrequently in samples collected at the end of April,
but increased in abundance through mid-May (Table 14)., Stage 2 larvae were
collected through 10 June 1985, but were not abundant after 22 May. Greatest
densities of Stage 2 larvae were located in the lower river and upper delta
(Stations 4-9). Correlation analysis confirmed a significant correlation of
Stage 2 larval density with STATION (Table 9). Average density of Stage 1
lTarvae in the study area was the best predictor of average Stage 2 densities
(R2=O.40, n=20, P=0,002) as determined by Stepwise procedure (Table 12),
suggesting that striped bass larvae remained in the lower Roanoke River and
delta to develop ‘and grow in 1985.

MOVEMENT, GROWTH, AND DEVELOPMENT. Striped bass larvae were subdivided
into 15 size class groupings of 0.5-mm intervals to estimate movement, growth
and development within the study area in 1985. The number of larvae falling
into each size class for any given station and date were converted to
percentages to allow comparison of relative frequency of occurrence by date.
Size of larvae increased with distance from the spawning ground. Larvae
collected at Station 1 (Williamston) ranged in size from 3.5-6.5 mm TL (Table
15). Most larvae were 5.0-6.0 mm TL, suggesting that river flow transported the
larvae quickly through the Wi‘lHams.ton area. Fish at Station 2 were slightly
larger than those caught upstream, ranging from 4.0 mm to 7.0 mm TL. A second
cohort of smaller striped bass moved through this region on 10 May 1985 (Table
16). The second cohort was observed moving through Station 3 (Jamesville) on 12
May (Table 17), and through Station 4 approximately the same time (Table 18).
Larval striped bass caught at upper delta stations (Stations 5-7) were all
between 5.0 and 7.0 mm TL. Passage of smaller-sized cohorts was evident on the
following dates: 26 April, 6 May, 20 May, and 2 June (Tables 19, 20, 21).
Larvae in the lower delta (Stations 8-12) rahged from 5.0 mm TL to over 10.0 mm
TL, suggesting that larvae remained in the lower delta area to feed and grow
(Tables 22, 23, 24, 25, 26). The largest striped bass larvae were caught in
Batchelor Bay (Stations 13-15), most of which had absorbed the yolk and oil.
Sizes ranged from 5.0-24.0 mm TL (Tables 27, 28, 29). Few larvae were caught in
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Table 14. Distribution and abundance (number/100 m3) of Stage 2 striped bass larvae (with and
without o0il) in Roanoke River and western Albemarle Sound, North Carolina, in 1985,
Asterisk (*) indicates no sample collected.

Stage 2. S T A T 1 0 H Total by Avg. by
) Date Date
DATE 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16
4/26/85 * * * * * 0.00 1.40, 0.00 0.00 0.00 0.00 0.00 0.00 1.46 0.00 * 2.86 0.29
4/23/85 R * * * * 6.33 0,00 * 0.00 6.55 3.76 0.00 3.60 12,76 1.10 0.00 * .15 3.42
4/3)/85 * * * * * 0.00 1.69 0.00 0.00 5.18 0.00 17.15 0.95 0.00 0.00 * 30.97 3.10
5/2/85 * * * * * 0,00 6.04 0.00 5.90 0.00 0,00 0.00 2.718 0.00 0.00 * 14.72 1.47
5/4/85 24.07 0,00  33.83 151.69 2.03 33,33 24.31 4.87 4.23 15.% 1.07 4.83 0.00 0.72 1.99 * 307.53  20.50
5/6/85 0.0 2,84  37.02  24.23 435,12 1.57 0.78 0.97 3.83 0.00 4.33 0.00 0.00 0.85 0.00 * 561.69  37.45
5/3/85 0.00 1.53 4,75 283.90 91.63 6.40  33.66 1.77 12.95 0.00 0.00 5.80 0.00 0.00 0.00 * 47.39  29.83
5/10/85 0.00 0.00 0.00 2.02 33,52 62,04 1.25 1.93 0.00 0.00 2,14 0.00 0.00 0.00 0.00 *® 109.50 7.0
5/12/85 0.00 0.00 0.00 0.00 22,90 33.17 73.54 0.00 139.51 0.00 0.00 0.00 0.83 12,20 17.26 * 596.41  39.76
5/14/85 0.00 0.00 0.00 0.00 0.00 11.45 5.77 3.4 57.5 0.00 0.95 0.00 20.39 8.96 0.63 * 113.90 7.59
5/16/35 0.00 0.00 0.00 14.69  79.22 111.93 * 1.06 4,39 33,57 3.47 3.16 0.00 2,02 5.81 * 259.37 18,53
5/18/85 * * * * . 0.0 26.39 0.00 0.00 0.92 1.93 7.92 2.93 1.06 0.00 * 41,15 4,12
5/20/85 * * * * 4.3 1.95 9.12 0.00 0.00 6.60 0.00 1.11 1.y 0.00 4.33 * 28.59 2.60
5/22/85 * * ® # 2,11 5477 53.2% 0.0 0.00 1.18 0.00 0.00 .0.00 0.00 1.99 * 138,31 12.%7
5/24/85 * * * * 1.61 3.9 0.00 1.05 1.08 0.70 0.00 0.00 0.92 0.00 0.00 * 9.32 0.85
5/25/85 * * * * 0.00 06.00 0.00 0.00 0.00 0.00 4.31 0.00 0.0 0.00 0.00 * 4.31 .39
5/23/85 * * * * 0.00 0.00 2.02 0.00 0.00 0.00 0.00 0.00 * * * * 2.02 0.25
6/2/35 * * * * 0.00 3.32 2.10 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 * 6.40 0.58
6/5/35 * * * * 0.00 1.07 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 * 1.07 0.10
6/10/95 * * * * 0.00 0.00 2.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.04 0.17
Total by station 24.07 4,37 80.6) 476.58 742.44 623,41 265,37 19,78 235.05 67.47 13,85 43,57 42,73 29.35 3.06 0.00
Avg. by station 3.44 n.62 11.51 63.03 43,50 31.42 13.97 0.93° 11.80 3.37 0.94 2.18 2.25 1.54 1.69 0.00
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Table 15. Relative frequency (%) of larval striped bass size classes (mm TL) collected from 26
April to 10 June 1985 at Station 1. Asterisk (*) indicates no sample collected.
Size Class (mm)

Date 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 >10.0 Tot. %
4/26 * * * * * * * * * * * * * * * * *
4/28 * * * * * * * * * * * * * * * * *
4/30 * * * * * * * * * * ¥* * * * * * *
5/02 * * * * * * * * * * * * * * * * *
5/04 62 2 11 16 27 16 26 2 0 0 0 0 0 0 0 0 100
5/06 54 0 0 0 2 - 15 81 2 0 0 0 0 0 0 0 0 100
5/08 46 0 2 4 11 22 61 0 0 0 0 0 0 0 0 0 100
5/10 56 0 0 0 43 52 5 0 0 0 0 0 0 0 0 0 100
5/12 19 0 0 0 47 53 0 0 0 0 0 0 0 0 0 0 100
5/14 52 0 0 0 15 81 4 0 0 0 0 0 0 0 0 0 100
5/16 3 0 0 0 67 33 0 0 0 0 0 0 0 0 0 0 100
5/18 * * * * * * * * * * * * * * * * *
5/20 * * * * * * * * * * * * * * * * *
5/22 * * * * * * * * * * * * * * * * *
5/24 * * * * * * * * * * * * * * * * *
5/26 * * * * * * * * * * * * * * * * *
5/29 * * * * * * * * * * * * * * * * *
6/02 * * * * * * * * * * * * * * * * *
6/06 * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * *

6/10




Table 16. Relative frequency (%) of larval striped bass size classes (mm TL) collected from 26
Asterisk (*) indicates no sample collected.

April to 10 June 1985 at Station 2.

Size Class (mm)

Date n 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0>10.0 Tot. %
4/26 * * * * * * * * * * * * * * * * *
4/28 * * * * * * * * * * * * * * * * *
4/30 * * * * * * * * * * * * * * * * *
5/02 * * * * * * * * * * * * * * * * *
5/04 19 0 0 0 5 5 37 53 0 0 0 0 0 0 0 0 100
5/06 37 0 0 0 5 8 49 35 3 0 0 0 0 0 0 0 100
5/08 90 0 0 0 1 16 56 27 1 0 0 0 0 0 0 0 100
5/10 88 0 3 0 43 36 17 0 0 0 0 0 0 0 0 0 100
5/12 16 0 0 19 13 44 25 0 0 0 0 0 0 0 0 0 100
5/14 28 0 0 0 0 68 29 4 0 0 0 0 0 0 0 0 100
5/16 * * * * * * * * * * * * * * * * *
5/18 * * * * * * * * * * * * * * * * *
5/20 * * * * * * * * * * * * * * * * *
5/22 * * * * * * * * * * * * * * * * *
5/24 * * * * * * * * * * * * * * * * *
5/26 * * * * * * * * * * * * * * * * *
5/29 * * * * * * * * * * * * * * * * *
6/02 * * * * * * * * * * * * * * * * *
6/06 * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * *

6/10
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Table 17.

Asterisk (*) indicates no sample collected.

Relative frequency (%) of larval striped bass size classes (mm TL) collected from 26
April to 10 June 1985 at Station 3.

Size Class (mm)

Date 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 >10.0 Tot. %
4/26 * * * * * * * * * * * * * * * * *
4/28 * * * * * * * * * * * * * * * * *
4/30 * * * * * * * * * * * * * * * * *
5/02 * * * * * * * * * * * * * * * * *
5/04 28 0 0 0 0 0 36 46 18 0 0 0 0 0 0 0 100
5/06 35 0 0 3 0 3 69 23 3 0 0 0 0 0 0 0 100
5/08 48 0 0 0 0 2 63 35 0 0 0 0 0 0 0 0 100
5/10 37 0 0 0 0 14 78 8 0 0 0 0 0 0 0 0 100
5/12 23 0 0 0 22 57 22 0 0 0 0 0 0 0 0 0 100
5/14 40 0 0 0 0 3 93 5 0 0 0 0 0 0 0 0 100
5/16 34 0 0 0 3 0 79 18 0 0 0 0 0 0 0 0 100
5/18 * * * * * * * * * * * * * * * * *
5/20 * * * * * * * * * * * * * * * * *
5/22 * * * * * * * * * * * * * * * * *
5/24 * * * * * * * * * * * * * * * * *
5/26 * * * * * * * * * * * * * * * * *
5/29 * * * * * * * * * * * * * * * * *
6/02 * * * * * * * * * * * * * * * * *
6/06 * * * * * * * * * * * * * * * * *
6/10  * * * * * * * * * * * * * * * * *




Table 18. Relative frequency (%) of larval striped bass size classes (mm TL) collected from 26
April to 10 June 1985 at Station 4. Asterisk (*) indicates no sample collected.

€7

Size Class (mm)

Date n 3.5 40 4.5 50 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 >10.0 Tot. %
4/26 * * * * * * * * * * * * * * * * *
4/28 * * * * * * * * * * * * * * * * *
4/30 * * * * * * * * * * * * * * * * *
5/02 * * * * * * * * * * * * * * * * *
5/04 68 0 0 0 0 0 37 37 26 0 0 0 0 0 0 0 100
5/06 30 0 0 0 0 0 43 37 © 20 0 0 0 0 0 0 0 100
5/08 123 0 0 0 0 0 34 50 15 0 0 0 0 0 0 0 100
5/10 113 0 0 0 0 10 51 35 4 0 0 0 0 0 0 0 100
5/12 70 0 0 0 6 4 71 19 0 0 0 0 0 0 0 0 100
5/14 12 0 0 0 0 8 75 17 0 0 0 0 0 0 0 0 100
5/16 11 0 0 0 0 0 27 73 0 0 0 0 0 0 0 0 100
5/18 * * * * * ' * * * * * * * * * * *
5/20 * * * * * * * * * * * * * * * * *
5/22 * * * * * * * * * * * * * * * * *
5/24 * * * * * * * * * * * * * * * * *
5/26 * * * * * * * * * * * * * * * * *
5/29 * * * * * * * * * * * * * * * * *
6/02 * * * * * * * * * * * * * * * * *
6/06 * * * * * * * * * * * * * * * * *
6/10 * * * * * * * * * * * * * * * * *
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