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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 Abril 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 lower
than normal. River flow was correlated with the distribution and abundance of
phytoplankton, zooplankton, and several striped bass 1ife 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 Towest
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 'typesAidentifjed appeared in more than 107§ of the samples.
Phytoplankton cell densities (mostly 300-700 cells/ml) and biomass (300-800 ug
wet weight/1) were Tower 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_si_gnjf;ica_r}tmqu_antjti'es in either year.. In both years most algae
coﬂect‘ed wer;é small spééi-es that are potentially 'uﬁsa'ble.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 gl,OQO/m3 in.1985) were at least one order of magnitude
Tower than comparable zooplankton communities in northern -estuaries supporting
striped bass populations. Zoop]anktdn were primarily freshwater species
dominated numerically by cladocerans in 1984 and by copepods in 1985.
C%@arison of zooplankton and phytoplankton biomasses suggests that zooplankton
praduction was not Timited by phytoplankton concentrations in either year. In
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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 as a source of income, sport, and
social interaction. The major spawning area for Albemarle Sound striped bass is
Tocated 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 hatéhing., 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; USDOI 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 cauAse-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 (Hassier et al. 1981). The juvenile trawl index conducted ea‘ch: ye;ar,- in :
Alberhaﬂe Soun'd’ éuggests t”h'ait, the numbers of juvenﬂ"é striped bass are too low.
to produce sufficient recruitment to the population (Hassler et al. 1981).: Low
recruit_tment of larvae and early juveniles tq the nursery ground was observed in
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Figure 1. Map of the Roanoke River and western Albemarle Sound, North
Carolina, depicting sampling locations used in 1984 and
1985. ' 3




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 approximately 252 m3/second, or
about 0.01 m3/se¢:/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 infTuenced 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). 1In 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 .r‘ec'ord.. A Sampling efforts began on 26 April and
continued through 10 June. - =~ .. - . - 0 TooeF - T L
.Similar sampling locations were used in.1984 and 1985. -Stations 1, 2, 3,
and 4 were positioned between Williamston (RM 37.5) and just upsStream of the
Roanoke River delta. These stations were sampled by North Carolina Wildlife

Resources Commission personnel on alternate nights for a two-week period.



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 witﬁ Lugols' acetic acid-iodine
solution (Wetzel and Likens 1979). Additional water samples were'collected and
chilled for Taboratory measurements of chlorophyll a. Methods of collection
and presefvation 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;: -~ «=w= -

Three water samples were collected at each site by submerging 16-0z.
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 -

P04-P analyses, were stabilized by packing them in ice. The third'sample was .
preserved with 2 ml of 25% H2504 for nitrogen and total phosphorus analyses. .

- The samples were shipped by courier to the NCONRCD Oivision of Environmental

Management (Water Quality Section) in Raleigh, North Carolina, for analysis
using U.S. Environme.tal Protection Agency standard procedures (USEPA 1979).
Temperature (°C) was measured by thermometer; dissolved oxygen (mg/1) and pH .-
were measured by Hach kit,; o o .

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



N L _VIRGINIA_ R
NORTH CAROLINA o
M Cho \ Atlantic
T an .
- . Ocean
: B) :
2. '
< .
A .
/ Sound
ki af\®
T
s o ’ . .'- £7 &
7/ /&
. e -- t : \
Plymouth A ':..
: EN R ;
, A O )
_ 0 1<F
Kilometers < g

e

Figure 2. Map of Albemarle Sound, North Carolina, depicting western

- (A), central (B), and eastern (C) transects for water
' qua11ty measurements in August 1985. . .- - . . 2 -




THIS PAGE ‘INTENTIONALLY LEFT BLANK



Table 2 {continued).

Variable

name Description

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

PHYTQD Phytoptankton cell density (cell/ml) averaged for all stat1ons by
date

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

BOSM Density (number/m } of all Bosmina averaged for delta and
western Sound stations by date

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

COPE Density (number/m ) of all- Copepods for delta and western Sound

. . stations by date. _ ‘ _ -
STAGEL . . Density of strlped bass larvae with yolk (Stage 1) averaged for -

delta and western Sound stat1ons by date

..

12
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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.0. 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
s.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 0.02 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
e e T T T T s e e
(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 °
PO4-P n 13 7 7 15 20 20 19
(mg/1) X . 0.04 0.01 0.01 <0.01 0.01 0.03 .

min 0.02 0.01 <0.01 . <0.01 <0.01 <0.01

1
0
S.D. 0.01 0,05 0.05 0.05 0.04 0.04 0.
0
max 0.07 0,02 0.02 0.02 0.07 0.13 0

16



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 downriver 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

~in central Albemarle Sound (Figure 5).

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 Chowa_n~R1'vers overlying slightly cooler and brackish water from central
Albemarle Sound (Figure 4). The water column 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

~ 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 o/00) overlying a wedge of saltier water (8-11 0/00): The shallow areas
along the north (Station 1C) and south (Station 6C) shores of eastern Albemarle
Sound were brackish (510/00), well-mixed waters high in dissolved oxygén (9

mg/1). ) S
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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 hudminnow

(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). JuveniTe
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 str1ped bass .were caught 1n
ichthyoplankton nets in 1984, with the greatest concentrat1on of larvae (3/m )
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/m ) 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 rema1ned in samp1es 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)(Tab1e 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 Iocat1ons in 1985.
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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 larvae 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 lower 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 densify as two factors predicting the abundance of
Stage 1 larvae (P<0.001, n=170); however, the R® was quite low (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 Tarvae
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
level 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 béss éatth), 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 Albemarie 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 low numbers of larvae collected. An additional 298 striped
bass larvae were found in zooplankton catches. No striped bass larvae without
0il globules, and no juveniles, were coHectéd in the study area in 1984,
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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 Tarvae 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
larvae in the study area was the best predictor of average Stage 2 densities
(R2=0.40, 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 ffom 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 transporfed the
Tarvae quickly through the Williamston 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 obsenyedeoving_throughhStaﬁjoniB"(Jﬂmesvi]1e)_qthz,“,

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) rdnged 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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Stomach contents of Stage 1 (with yolk) striped bass larvae collected from the lower
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Roanoke River, delta, and western Albemarle Sound, North Carolina,
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. .

were the primary food items. Larvae ranging in size from 15.0-23.5 mm TL
consumed larger organisms than striped bass larvae still possessing oil or yolk,
Food items included both copepodid and adult copepods, Daphnia, chironomids,
amphipods, clams, and fish including several identified as Morone (Table 34).
No smaller cladocerans such as Bosmina, Alonella, or Chydorus were found

in stomachs of the larger larvae,
PARASITISM OF LARVAE. Internal parasites were found in 64 (2%) of 3217

Morone larvae examined. These parasites apparently were of two types (Figure

10): (I) a tear-drop shaped organism of 0.2-0.3 mm diameter (across the short
axis), which was connected to the gut by a filament; and (II) a spherical type
organism of 0.5-0.8 mm diameter. , _ ' |

The Type I parasite, tentatively identified as a protocephalid larva
(Cestoda:Proteocephalidae), was only found attaﬁhed to the intestine and stomach

’ within the gut cavity and was less abundant than the Type II parasite. The Type

IT parasite (unidentified) was found in three locations: 1) epithelium of the
gut cavity, 2) near the anus, and 3) anterior'to the heért. The primary
Tocation was within the gut cavity. .

There was no evidence of a particular size of Morone larvae being more
susceptible than others to parasitism. Lengths of parasitized fish ranged from

5.0 to 24.0 mm TL (x=10.7). This was not tested statistically since not all

fish larvae were examined closely for parasites; only those larvae examined for
gut contents were checked for parasites. In addition, the population of larvae

" subject to Cd]]éttion”we?é"the’smaTTéf"larvae;'whjch have less ability to avoid

capture.

Samples from all stations, except 1-4, contained parasitized larvae,
Stations 8, 11, and 13 had seven or more parasitized 1arvdé; no other station
had more than four. It may be coincidence that the three stations with the
highest occurrence of parasitized fish larvae were in close proximity to each
other; however, these stations also exhibited the highest‘dgpgities of other
fish species, thereby perhaps enhancing parasite abundance.



'

Figure 10. Parasites found in Morone larvae. (A) Type I parasité
(protocephalid larva) 1n gut cavity; (B) Type Il parasite
(unidentified) in epithelium, as indicated by the arrow.
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delta, and western Albemarle Sound, North Carolina, in 1985,

Table 41. Mean densities (number/m3), by date, of zooplankton collected in lower Roanoke River,
Figure 1.
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not at river stations. In 1985, Leptodora was found as far upriver as Station
2 (Table 39), although it remained most abundant in western Albemarle Sound.
CLADOCERA. Cladocerans comprised the most abundant zooplankter group in
1984; their relative contribution (minus Leptodora) averaged 51.8% by station
(Table 42) and 53.2% by date (Table 43). Cladocerans were most abundant at
Stations 9 and 11, averaging 756.O/m3 and 531.6/m3, respectively (Table 36).
Lowest densities occurred at Stations 1, 2, and 3 (156.7-216.7/m3). Greatest
mean densities of cladocerans (615.1/m3) were observed on 31 May 1984,
influenced to large extent by Station 9 and Station 11 (Table 44), Lowest
average densities of 177.4/m3 occurred on 4 June. No correlations were

uobserved'(TabTe 5) between mean density of cladocerans and sampling date or

river flow, and no multiple regression model to predict cladoceran abundance was
significant at P<0.05 (Table 6).

In 1985, all cladocerans combined were the second most abundant group of
zooplankton (after copepods), representing a relative contribution of 29.2% by
date (Table 45) and 43.8% by station (Table 46). The category was subdivided
into Bosmiha, Daphnia, and other cladocerans (excluding Leptodora) in 1985
to determine abundance relationships between striped bass larvae and their
primary food sources. BOSminé were .the most abundant cladocerans, cohpﬁising
12.4% of the zooplankton by date (Tabfe 45) and 19.1% by station (Table 46).

Daphnia was the second most abundant, representing 7.6% of all zooplankton by -

date and 13.1% by station. Cladocerans were patchy in distribution. On several

. occasions, cladocerans exhibited. high .abundance withinmthe~studywarea;~notab1y N
"at Station 15 on 30 April 1985 (Table 47). The density value of 19_,869/m3

reflects a high concentration of Daphnia in the area on 30 April; at Station
13, approximately 2 km away, the concentration of cladocerans w§$t1ow
(450/m3). Average densities of Bgsmina in the study .area (Stations 5;15)'
were significantly cotrelated with JULDATE, FLOWO , and phytoplankton Ee]h
density (Table 11). Stepwise regression (Table 12) selected the- vérfab]es
JULDATE and average water temperature (TEMP) as best pred1ctors 'of ‘Bosmina
abundance (R =0.595; -n= 20 P<0.001). For. Cladocera as a group, only the
sampling date (JULDATE) was an important predictor of average cladoceran
abundance (R2=0.468; n=20; P<0.001).
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Relative contribution (%), by date, of organism groups in zooplankton samples collected

from the Yower Roanoke River, delta, and western Albemarle Sound, North Carolina, in

Figure 1,
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Table 51. Chlorophyll a concentration (ug/liter) in the Roanoke River and western

te no samples taken.
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Table 52 (continued)

Identification Cell type Cell volume Frequency
{cubic microns) of occurrence
*Navicula sp. 2 Bory 412 4691 1.14
*Navicula sp. 3 Bory 203 276 10.86
*Navicula sp. 4 Bory 201 733 5.14
*Navicuia sp. 5 Bory 26 951 2.29
*Navicuia sp. 4 Bory 405 1000 3.43
*Navicula sp. 7 Bory 126 995 6.86
*Naviculia sp., 3 Bory 439 251 1.71
*Navicuia sp. 9 Bory 137 1047 2.3%
*Navicula sp. 10 Bory 205 2111 1.14
*Navicuia sp. 11 Bory 19 1016 0.57
*Navicula sp. 12 Bory 477 2513 4.00
*Navicula sp. 13 Bory 46 1129 1.71
*Navicula sp. 14 Bory 104 146 1.14
*Neidium sp. Pfitzer 452 12063 0.57
*Neidium ladogense Oestrup 441 2403 0.57
Nitzschia gracilis Hantzsch 231 . 4592 1.71
Nitzschia sp. I Hassall ' 132 - 1268 1.14
*Nitzschia sp. 2 Hassall 449 - 1005 - 2.36
*Nitzschia sp. 3 Hassall 173 - 879 - 0.57
*Nitzschia sp. 4 Hassall - 469 7854 0.57
Pinnularia sp. 1 Ehrenberg 129 3609 1.14
*Pinnularia sp. 2 Ehrenberg 158 6283 4.00
*Pinnularia sp. 3 Ehrenberg 371 5341 4.00
SkeTetonema sp. Greg 74 75 o171
Stauroneis sp. Ehrenberg 147 535 0.57
*Surirella sp. 1 Turpin 174 26704 0.57
Surirella sp. 2 Turpin 199 31279 0.57
*Synedra sp. 1 threnberg --31F 732- - 3.43
*Synedra sp. 2 Ehrenberg 430 6597 . 0.57
*Unknown #243 248 2261 0.57
*Unknown #273 273 31356 0.57
Unknown #276 276 2827 0.57
Unknown #75 75 23703 - 0.30
Chlorophyceae
*Actinastrum hantzchii 49 276 8.57
‘Lagerheim L -
*Closterium sp. Nitzsch o 59 - 213 “4.00
Crucigenia fenestrata Schmidle. 50 101 0.57
*Crucigenia rectangularis A. Braun 242 390 . 171
*Crucigenia sp. 1 Morren o 8 439 - -4.00
Crucigenia sp. 2 Morren: 232 110 0.57
Netrium sp. Nageli 73 49 - 1.14
*Pediastrum duplex Meyen 1 1000 - 0.57
*Dadrastrum sp. 1 Meyen 280 432 1.14
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Table 52 (continued)

Identification Cell type Cell volume Frequency
(cubic microns) of occurrence

Cyanophyceae
Anabaena sp. Bory 434 113 2.29
*Chroococcus sp. Nageli 107 130 2.29
Dinophyceae .
*Gymnodinium danicans Campbell 296 4064 2.36
*Gymnodinium sp, 1 Stein 80 2540 5.14
Gymnodinium sp. 2 Stein 311 3941 0.57
Peridinium sp. Ehrenberg 312 65283 1.14
Unknown #323 . 323 : 260 0.57
Euglenophyceae '
*tuglena sp. 1 Ehrenberg o 435 - 188 - 2,86
*tuglena sp. 2 Ehrenberg 231 843 12.57
Trachelomonas sp. Ehrenberg 327 524 : 41,71
Unknown #344 344 7634 0.57
Unknown #527 527 100 ~0.50
Unknown . " -
*Unknown #108 108 3224 - 0.57
*Unknown #140 140 754 - . 24 .57
*Unknown #149 149 44234 0.57
Unknown #151 151 24 Q.57
*Unknown #197 197 - 1920 0.57
*Unknown #235° 235 302 1.71
Unknown #249 249 43 0.57
Unknown #331 331 2438 0.57
*Unknown- #360-- 360 --- 524 “0.57
*Unknown #363 363 13119 1.71
Unknown #369 359 9600 0.57
*Unknown #376 376 6434 2.29
Unknown #379 379 1728 0.57
Unknown #431 431 9385203 1.14
Unknown #44 - 44 4 -0.57
*Unknown #476 476 4580 1.14
~~Unknown #482 482 T34 -QI57
Unknown - #486 486 1437 1.14
Unknown #460 460 . 2009 ~0.55
94



Table 53. (continued)

Identification Cell type Cell volume Frequency
. (cubic microns) of occurrence
*Fragilaria sp. 1 Lyngbye 167 559 1.27
Frustulia sp. 2 Agardh 243 438 0.84
Frustulia sp. 3 Agardh 37 1016 0.34
*Gomphonema sp. 2 Agardh 453 3334 0.84
*Gyrosigma sp. 2 Hassall 373 31416 5.49
Melosira granulata Muller 508 38 93.31
Melosira sp. Agardh 454 3619 1.27
*Navicula sp. 7 Bory 126 995 3.86
*Navicula sp. 5 Bory 26 951 - 0.42
Navicula sp. 15 Bory 443 53097 0.42
*Navicula sp. 4 Bory 201 733 7.59
*Navicula sp. 3 Bory 203 276 0.42
*Navicula sp. 10 Bory 205 2111 2.11
Navicula sp. 16 Bory 398 565 3.38
*Navicula sp. 9 Bory 137 1047 0.42
Navicula sp. 17 Bory 250 1270 1.69
*Navicula sp. 2 Bory 412 4591 1.27
*Navicula sp. 14 Bory 104 146 - 6.33
*Navicula sp. 1 Bory 234 1463 6.33
*Navicula sp. 13 Bory 46 1129 4.64
Navicula sp. 18 Bory 435 735 2.11
*Navicuia sp. 12 Bory 477 2513 1.69
*Navicula sp. 3 Bory 439 251 1.69
Navicula sp. 19 Bory 374 | . 452 0.42
*Navicula sp. 6 Bory 4905 1000 0.42
*Navicula sp. 11 Bory 19 © 1016 0.42
Navicula sp. 20 Bory 136 214 0.42
-*Neidium Jadogense Oestrup - 44 - — - 2403 0.42°
*Netdium sp. PTitzer 452 12063 -0.42
Nitzschia sp. 5 Hassall 336 1979 -0.84°
*Nitzschia sp. 4 Hassall 469 7354 1.27
*Nitzschia sp. 2 Hassall 440 1005 -4.64
*Nitzschia sp. 3 Hassall 173 - -879 - 0.34
Nitzschia sp. 6 Hassall 303 152 0.34
*Pinnularia sp. 2 Ehrenberg 1538 6233 0.42
-*Pinnularia sp: 3 Ehrenberg 37y - - 5341 1.27
Surirelfa sp. 3 Turpin 520 7354 -0.42
*Jurirella sp. 1 Turpin 174 25704 70.42
Synedra sp. 3 Ehrenberg 509 630 53.65
*Synedra sp. 1 Ehrenberg 317 _ .. . 732 - -2.53
*Unknown #2483 243 ‘ 2261 - 0.42
*Unknown #273 273 31856 0.34
Unknown #274 274 8 3.80
Unknown #467 457. 503 0.42
Unknown #513 513 7396 . 1.69
96



Table 53. {continued)

Identification Cell type Cell volume Frequency
(cubic microns) of occurrence

Gymnodinium sp., 3 Stein 233 503 0.42
Unknown #293 293 508 0.42
*Unknown #323 323 260 0.84
Unknown #396 396 785 0.42
Euglenophyceae
*Euglena sp. 1 Ehrenberg 435 138 0.34
*Euglena sp. 2 Ehrenberg 231 848 _ 2.53
*TracheTomonas sp. Ehrenberg 327 ' 524 . 0.84
Unknown -
*Ynknown #108 108 3224 .0.34
*Unknown #140 140 754 0.42
*Unknown #149 149 44234 0.34
Unknown #193 193 198 0.42
*Unknown #197 197 1920 1.27
Unknown #23 23 . - 64 6.75
*Unknown #235 235 302 0.34
Unknown #27 27 228 0.42
Unknown #30 30 ‘ 100 0.34
Unknown #313 313 100 4.64
Unknown #342 342 2771 4.22
*Unknown #360 360 524 2.11
*Unknown #363 “ 3637 13119 1.27
Unknown #367 367 264 0.42
*Unknown #376 378 6434 2.53
.Unknown #389 389 . 12095 -.0.42-
“Unknown #391 391 1696 . 0.42
Unknown #407. 407 402 32.70
*yUnknown #476 476 4530 0.34
Unknown #48 43 508 0,34
Unknown #502° 502 1056 0.42
98



murale, present in 96% of the samples, Other common green algae included a
species of Zygnema, Actinastrum hantzchii, and Stichococcus sp..
Synedra, Fragilaria, Cyclotella, Coscinodiscus, and Diploneis were the
other genera of diatoms répresented in 10% of more of the samples.

Phytoplankton cell densities ranged from 42 cells/ml to 2248 cells/ml in
1984, but there was no discernable pattern in the distribution (Table 55).
Values less than 100/ml or gfeater than 1000/m1 were not common; most densities
were between 300 and 700/ml. Biomass of the phytoplankton (ug wet weight/1) was
also highly variable, but showed no clear pattern (Table 56). Phytoplankton
biomass for most samples fell between 300 and 800 ug/l; occasionally small or
large extremes were observed. For example, values were less than 10 ug wet
weight/1 at Station 14 on 18 May and 31 May (Table 56). Unusually high biomass
values (e.g., 18,170 and 12,900 ug wet weight/1 at Station 3 on 27 May and
Station 2 on 31 May, respectively) were the result of either very high densities
of average-sized cells (27 May), or relatively low densities of very large
phytoplankters (31 May).

In 1985, phytoplankton cell dens1t1es ranged from 24 ce]]s/ml to 23, 558’
cells/ml, and there were distinct temporal and spatial patterns in the
distribution (Table 57). The densities tended to be higher early in the
sampling period (late April-early May] than in late May and early June. The
mean density for all stations ranged trom_SQQOeJO,QOOicellszi from 26 April._ .
through 4 May, but declined gradually after then to around 1000-2000 cells/1
from 22 May through 10 June. Mean algal densities, averaged by station over

time, were re]atlvely Tow at the upper Roanoke Rlver statlons but 1ncreased in

the delta (Stat1ons 6, 7, 9, 10, and 12) and in western A?bemar]e Sound at the
mouth of the Roanoke River (Station 15). Algal cell densities were lowest in
the Cashie River (Stations 8 and 11) and in western Albemarle Sound at the mouth
of the Cashie River (Stations 13, 14, and 16, Table 57). -
-~ -Phytoplanktom-biomass (ug wet weight/1) was &lso h1gh1y Variable in 1985

but showed about fhe same temporal and spat1a1 patterns as algal cell. denswty
(Table 58). Biomass varled from 2 11, 605 ug wet we1ght/1, most values ranged.
between 500 and 2000 ug wet weight/1. During the sampling period, the average
biomass for all stations declined from 1500-3400 ug wet weight/1 early in the

100



.- —————— - —— - ———— — W e - A — T —— e —

(62 SLz L61 [Ty TEE  60€ 262  wLVL 6vy  SIST ‘658" ‘982 ' ©72 A

’ (et

6L AR B R N S T L S g1
4 RS AR C TR 1 A Tl Lt
ST 16  O1 [ ~=- === mm= mmm === —meeem el een eae een 91
082 G/Z 88 962 90T TvL 021 €8 €21 22l SIS IS8 €2 €€2 L9~ 61
O[T  LIE VSL SS 90T S[Z 81Z OF - 9 G62 --- 8T €1 6h T - I
962 99 62 652 ®9T 695 99 812 616 OL €5 . B8R ¥S 9L 28 £1
286 2 L9 96T €65 Ibv ST OIT --- €/ SIS 08¢ 0001 6veZ 942 21
282 112 1k 10T 66y €IE €2 OIT ~--- O0/2 602' 1£9 €S2 9T1 202 11
61¢ €81 ¥/ 06 068 ST 2IT 22 L€ 621, 6l¢ 922 005 +¥€Z 88 . O
[€2 022 SOT 152 16 841 282 (BZ 981 OGSk 28 56 60 ¥8E G 6
91¢  0S. ST9 09T O6E ¥8T B 1f{ =--- ©95 (8 O00f ¥SE S0Z t8e’ 8
61§  --- --—- --- G698 €EE 1S6 TIOT ~--- GL¥ €4§° ¢81 le1 16 6L L
19¢ === =—= --—- 022 BIE . €6V L1 --- OI€ (6T 181 €9 (It 1t2 9 N
96f  --- --= --= gOE QI1 9T/ OfL [TT £98 69  ¥9€ S9T HIT 8L g 9
662  m==  m=m === mem eee —ee 00T 99 . YOL S 99% 662 9LT --- v
9942 --- === === === -== -—— 622 IST ' 682 OLI8Y 10z GOT 1§1 --- €
y1gg --- == -== === --= --= G 00621 1521 ZIT €O LIS ®6E --- 2
6E€ === === == == ee- eee ({7 T€Z 195 1BE  EYE 82 -4- - T
NV3W  8T/90 9T/90 +T1/90 0T/90 80/90 ¥0/90 20/90 T1€/S0 62/S0 £2/S0 GZ/SO €2/S0 22/SO 81/S0

- uo11e1s

ateq

————— ———

1

*YR6T BULIND ‘UL (04RY YIJON
pUNOS I(JLRUIQLY UJIISIM PUB XBALY DYOUROY dy3 UL (L/6n) ssewoiq qubLam 3om uojyue(dolAud 9§ dLqer

;
¢
i
i ;
- —
|
i

- v
i : B



| : .

’

[~
L]
(2]
-
=

Z8E  0SL vbL 659 LOT 925 €25 B9 vy8 9041 €8/ SYET OCOT 9602 0221 zobl tosT zlez SOVE €991

€S 18£S - --- - - =—= === == === === -~ --- - el S N of
¢0ET ---  oL1 -—- g2y ¢l 9 152 T 4 €5¢ {9t {59 el £OVE S§ 9/8 L1t €651 0186 (092 S1
9e  --- €Ll 091 --- 0 | £ 1] L1 ¢ ¢01 &y (R [{® VOS ov2 IB® IZ - 162 9EVv1 202 b1
14§ =-- 220 --- oy te ez 8Ll ve 881 909 06 ey 12€1° 1SB1 9Lt tvEe ¢vEe sb 12¥] +09 £l
tvetl  v81 80L 28t SLI¢ €9 811 €911 /S8 CI0f €e6 006 99f ZBOC' 6PET --- OZ2t 1GST TLCE €L61 bob1 a1
[A WA | 1£9  20¢ 12 143 [44 et Sttt LYy v0t 192 6901 598 : HVOT Ofel ©Ob L9522  ©60F < +021 (069 11
¢022 9121 €001 SSt  €e2 LBl c18 €18 LI°1 4Ll ¥eEE 60ST 182 1€y ; 2BVS G622 €00 Zi0F SOOTT .GOLV  ¢S(1 01
PIST ST Q00T E€€S 9Lt 0s1 56T ¢£9¢ LLE 92 T1el 9L01 ®l21 €ve i ®BZ6L GE92 2I€Z S02€ 6ILT €OIt $902 6 m%
6v0T S82 €66 2601 20t ¥¢ ¢0s 0By wPIT (eb €SS 99b  0SVO SBC P 629 9EbT  TIST 298 . €091 StB  €£L® B —
ZLVT 0f¢  BEOT ¢bL  2ES 12¢ ¢Eb  L¢Z EL0T 762l ®2p  6E9  Te€V (92 | [2b2 ES61 0022 VIET [VOE [6V9 9BKE L
PGET S29 v8HY Ob6l 008  gel 226 19¢ vO2T 1€0€ €£8 GBS o0C 616 G107 2GS ObST 9491 OFLT 2042 9002 9
9be 111 {59 o1t 8ie  2#1 teg 9201 €2S --- Z8E1 O1L 2té6 ¥ES €21 L[¥6T1  [121 --- --- --- --- S
1601 --~ - == - - e --- ~-= %l S® p91T  Bfe1T g9tz 1St 99  --- s=- === --- t
00bt -~ == --- - L - -~~~ _EVST 289 60ST SSST TOET EIOT [IEST =--- --- - --- €
t¢6e --- --- - - - - - -—- -~ BHIET T¥YT SYST 86  66L1 699 29L -<- e s 2
bEY - e - -~ --- -—- -~ -—- --= 929 [921 ©°8S1 O0SL 0222 <29L{1 GG6I1 ~-- —--- - --- 1
|
ueady 01/90 90/°0 20/90 62/c0 92/50 VY2/S0 €Z/90 02/90 ®/1/S0 91/S0 H1/S0 Z1/S0 OT1/S0 8D/SO 90/S0 $0/<O No\mo 0t /v0 82/¥0 92/¥0
- A
{(pp/um) 23eqQ - . ; uojyjels

. L L
o ‘udyey 2|duies ov djedPpUL SAYSEQ
G861 Buyanp punog ayavwagly LIDISIN Pue JDALY dyoueoy oyl v} [|/6n) ssewojqg JyBrom jon woyur|dolAug "8G dige)

H i N



Dinophyceae

\ YA/ S SV

N

N N\ AAAAddds /7777, L.
it \\ WAAASASLSASSN SV

106

l

I’I
iophyceae

7
& Chlorophyceae
)

- Chrysophyceae - -

2 NN\ AAAAAAA LSS SIS,
RN/ L S LAY
R N

Bacillar

PHYTOPLANKTON CELL DENSITY

classes in the Roanoke River and western Albemarle Sound, North

Carolina, in 1984, averaged for each sampling station.

TVAOL 40 INIDYH3I4

Figure 14. Relative abundance (% of total cell density) of different algal

BN N R S B BN B En T D W B BN BN BN B . ; Il
, :



LS LSS L LSS S LS AT AN

5 A NNNNNNNNNNNNNN\ ¢
o ANNNNNNNNNNNNNNN\N\
% VY HYYIANNNNNNNNNNNNNNN\
L ANNNNNNNNNNN\NT
2 ANNNNNNNNNNNNN\N\N\N
5 VYN 3
L ANNNNNNNNNNNNNNNN\F

/NN I
/7NN I U
/AN
NN CHILL I

STATION

(cells/liter)

phy

L
3 4 &5 8 7 8 8 10 11 12 13 14 15 18

PHYTOPLANKTON CELL DENSITY

L ANNNNNNNNNNNNNN\NT

| 277777\
(/77 NN\

Q o o Q Q m o o o) o
(] «© ~ [ 0 L] o -

classes in the Roanoke River and western Albemarle.Sound, North

" Carolina, in 1985, averaged for each sampling station.

L

2

/// Bacillariophyceae
\ Chlorophyceae

///A “Ch"YSOPhyceae’ o

1

100
- Figure 16, Relative abundance (% of ‘total cell density) of different alga’

TVIOL 40 INGEONAd



. Q o Q (=] o W o o (o) o
O 9 8 7 B 5 3 2 1
1.

7Y - 25
YAAH/AA NN\ . & 55

7 /A7 NN\ 8§ 5 22
| A IIISS NN R N

.AMn - & 25 °8
O " - w 2o
o /77NN TEE
ra YA NN EE |
OsRN ... AN} » 3 |
M NAAH/TH/ NN s
< B2 7Y~ - § See
N YIS NN T "
o BN A - e
ol AAHHIAAAA NN T
v WYY 7 N 288
ARyt NN R
IS NN\ €23

TVIO0L 4O IN3JN3d

t



. i .

In 1984, chlorophyll a and phytoplankton biomass were relatively low in
the Roanoke study area, and also in the nearby Pamlico River Estuary, where data
were collected on a bi-weekly basis throughout the year. In May and June 1984,
phytoplankton cell density and biomass were only slightly higher in the upper
(freshwater) portion of the Pamlico than in the Roanoke study area (Stanley and
Daniel 1985). However, it is obvious from examination of the data for the
Pamlico from previous years that the algal biomass there is normally much
higher, It appears that unusually high river flow in early June 1984 resulted
in washout of most of the Pamlico phytoplankton (Stanley and Daniel 1985).
Similarly, the unusually high flow in the Roanoke River probably caused a
washout of the phytoplankton in 1984. This hypothesis is supported by the fact
that in 1985 both Roanoke and Pamlico phytoplankton biomass was higher, while
flows were lower for the same May-June period (D.W. Stanley, unpublished data).
Christian et al. (1986) found that algal density in the Tower Neuse River is
strongly controlled by fluctuation in river discharge.

There was no significant correlation between Roanoke chlorophyll a
concentrations and phytoplankton biomass, which is not surprising for a system
like the lower Roanoke River. A regression of chlorophyll against phytoplankton

biomass yielded an R2

value of 0.05, indicating no relationship between the
two parameters. Two possible reasons for this come to mind. First, it is well
known that the biomass:chlorophyll ratio varies widely (seven-fold or more) in-

phytoplankton, depending on the species composition and nutritional status of

_the cells (Valiella 1984). _Second, the chlorophyll a levels measured for. the .

Roanoke were near the lower limit of detection by the method used in our
laboratory. In any case, the biomass:chlorophyll ratio for the’Roanbkexétudy
area averaged 51:1, which is close to the value of 50:1 oftenfrebortéd as an
average (e.g., Valiella 1984) Both parameters are useful-'chldrophyll E:for

comparison to other systems because it is commonly measured in aquhtfc__m
“ecosystems of all types, and wet we1ght biomass because it is useful for

-

addressing quest1ons concerning trophic’ structure and funct1on1ng.

Most of 'the algae are small spec1es that should be usab1e as food fori
grazing zooplankton in the Roanoke River. Blue- green a]gae, wh1ch are usually“>
classified as undesirable food for zooplankters, were not present in significant
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by yolksac striped bass larvae, Unfortunately, no historical data base exists
for Roanoke River and western Albemarle Sound zooplankton to indicate what level
of food availability is necessary to produce successful striped bass year
classes. _

Higher than normal river flow in 1984 probably caused striped bass eggs and
larvae to be washed out from the Roanoke River before feeding began. Striped
bass eggs were found in the Roanoke River delta below the Highway 45 bridge
(Station 12), which is approximately 125 river miles downstream from the major
spawning ground. Larvae with yolk were common throughout the study site,
including the Bachelor Bay stations. The few larvae in feeding condition were
found exclusively in the mouth of the Cashie River (Station 11) and Batchelor
Bay (Stations 13, 14, and 15) in the presence of low zooplankton densities.

Rulifson and Stanley (1985) interpreted these results to mean that the 1984
year class would not be an abundant one, at least not as abundant as the 1982
and 1983 year classes. This was confirmed by the juvenile abundance index
(USDOI and USDOC 1985) conducted in Albemarle Sound that year, which was
approximately 50% of the 1983 ‘index and less than 1% of the highest index on
record (26.4 fish per haul, 1959). The index value obtained by the North
Carolina Division of Marine Fisheries was 0.0 striped bass young-of-the-year
(YOY) per trawl; Dr. W.W. Hassler of North Carolina State University obtained a
value of 0.36 (Sara Winslow, Division of Marine Fisheries, Elizabeth City, NC,
personal communication). Ruh’fson and Stanley (1985) predicted that under lower

- flow conditions, zooplankton densities in the river should increase, and first

feeding of striped bass larvae shdu]@ be initiated in the lTower river thus:
optimizing young striped bass survival. ;

This hybothesis was supported by resqlts of the 1985 study. River flow was
Tower than in 1984, zooplankton densities were higher, and striped bass larvae

began. feeding in the.Roanoke River- between Plymouth and Jamesville: -The - -

juvenile abundance .index for 1985 indicated better survival of striped bass than
in 1984, The Division, _o_f" Marine Fishéries obtainednan .abundance ind;x value of.
0.32 YOY striped bass per trawl, and Hassler obtained a value.of 1.30 (Sara-
Winslow, personal communication). These values ar.é still quite low relative to
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minimum of 2% of the larvae examined had parasites (Figure 13). The effects of
parasitism on striped bass larvae at this stage of development is not documented
in the literature, although other investigators have cited incidences of
parasitism in other ecosystems (e.g., Buckley et al. 1985).

[ncidence of deformed striped bass larvae was lower in 1985 than in 1984.
Results of the earlier study indicated that up to 5% of the larvae examined were
deformed (Figure 20). Less than 2% of the larvae examined in 1985 were in this
condition., The causative agent responsible for this condition has not been
determined. One possibility may be starvation of the larvae. Certainly, the
rate of development and rate at which the oil globule is used is directly
correlated with prey concentration (Eldridge-et al. 1981; Rogers and Westin
1981). Another possibility may be that poor water quality is placing stress on
the larvae during critical larval development (Palawski et al. 1985). Since
water flows were higher in 1984, corresponding with increased incidence of
deformed larvae, it is possible that physio-chemical properties of the runoff
(e. 9.5 sudden changes in water temperature, pH, or pollutant substances) at
sublethal levels could have contributed to the deformities. |

One suspected cause of larval striped bass mortality is excessive levels of
agqueous aluminum in the presence of moderately low pH. Studies designed
spe<:1f1ca11y to examme water quahty of stmped bass spawning grounds and
nursery hab1tats espec1a11y in Chesapeake Bay, have failed to identify any one
causative agent for declining striped bass stocks (USDOI and USDOC 1985). These
studies were correlated with extensive laboratory research. The possible
exception is high aluminum in moderately acidic waters. In situ experiments
of exposing striped bass larvae (24 hours after hatching) to natural waters of
the Nanticoke River, a primary striped bass spawning tributary in Chesapeake
Bay, were conducted to determine mortality rates (Hall et al. 1985). All 68.of .

- the organic—and inorganic contaminants monitored during the study were present” " =~ -

in low concentrations, with the exception of aluminum {120 ug/l1 in filtered
samples). The average Nanticoke River pH was about 6.3, not extremely acidic
but potentially stressful for larval striped bass (Hall et al. 1985). Recent
laboratory experiments at the Columbia National Fisheries Research Laboratory
showed that 19-day old striped bass larvae exposed to pH 6.5 died in seven days;
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when 100 ug/1 was added, death occurred within five days. Results of our water
quality study in 1985 indicated total aluminum concentrations in the Roanoke
River ranged from 200-2400 ug/1 (unfiltered samples) and the water was
moderately acidic (pH 6.0-6.8), suggesting a potential problem for striped bass
larvae in the Roanoke. A pH range of 6.0-10.0 is favorable for survival of
striped bass larvae and young (Regan et al. 1968); the optimum pH is 7.5 (Davies
1970, 1973). However, an instant change (pulse) of 0.8-1.0 pH units, even
within the favorable range, will cause high mortality in striped bass larvae
(Doroshov 1970). Short-term fluctuations of pH in the Roanoke River and the

»correspondir_\g concentrations of toxic (labile) aluminum present, have not been

determined and warrant examination. - -
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7). Chlorophyll a concentrations were mostly between 4 and 7 ug/1 in
1984 with no clear spatial or temporal patterns in the data. However, 1985
levels were higher (mostly between 5 and 15 ug/1) with a spatial pattern (lowest
upriver, highest downriver, intermediate in western Albemarle Sound).
Chlorophyll appeared to be negatively correlated with river flow.

8). The phytoplankton community resembled that of a lTake more closely than
that of an estuarine environment. About 150 phytoplankton cell types were
identified; diatoms (Bacillariophyceae) exhibited the highest diversity followed
by green algae (Chlorophyceae). Only 23 of the cell types appeared in more than
10% of the samples. : '

9). Phytoplankton densities between 300 and 700 cells/ml were common 'in
1984, No pattern was discernable in the distribution. Phytoplankton biomass
fell between 300 and 800 ug wet weight/1 for most samples.

10). Phytoplankton cell densities were higher in 1985 with distinct
temporal and spatial patterns, Densities tended to' be higher (8000-10,000
cells/1) early in the study (late April-early May) than later in May and early
June (1000-2000 cells/ml). Densities were relatively low upriver in the
Roanoke, and increased in the lower Roancke and in western Albemarle Sound.
Phytoplankton biomass showed the same” temporal and spatial patterns as algal
cell dens1ty Most biomass va1ues ranged between 500 and 2000 ug wet weight/1,

'Average biomass for the study area declined from 1500-3400 ug wet weight early

in the sampling period to around 400-700 ug wet weight/1 in early June,

--11). Green algae (Chlorophyceae) were numerically dominant "at all stations
in 1984, comprising 47-87% of the total cell density. Chyrsophyceae and
Bacillariophyceae (diatoms) were of secondary importance. Generally, bulk of
the total algal biomass was made up of green algae (44%), diatoms (15%),-and
chrysophytes (16%). _ ' ' .

-12).- In 1985 diatems replaced green algae as the major class, both in terms:
of cell density (40-60% at most stations) and biomass (40-60%). Green7a1gae was
secbnd comprising 25-30% of the total cell density and 20-40% of total-biomass.
Chrysophytes were also less important in 1985 than in 1984. Lo

13). Most algae collected from the study area were small species that are
potentially usable as food for grazing zooplankton.

-
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larvae into western Albemarle Sound in 1984. Low river flow in 1985 allowed
larvae to remain within the Roanoke River and delta to feed and grow.

23). Striped bass eggs, representing 2.9% of the total catch in 1984, were
found throughout the study area including Albemarle Sound. Mean egg abundance
within the study area was negatively correlated with river flow measured at
Roanoke Rapids, N.C., lagged by three days. No eggs were found in the study
area in 1985.

24), Stage 1 larvae (with yolk) comprised 96% of the catch in 1984 and 67%
in 1985. Greatest concentrations in 1984 were from Williamston to the area just
above the Thoroughfare (Stations 1-4), and also in the lower delta. Highest
abundance in-1985 was from Williamston into the upper Roanoke River delta
(Stations 6 and 7).

25). Stage 2 larvae (beyond yolk stage) comprised only 1.2% of the catch in
1984 and 33% in 1985. No larvae that had absorbed the 0il globule were caught
in 1984. Larvae with oil were most abundant in the lower Roanoke River and
delta in 1985; larger larvae (up to 24 mm TL) were found in the lower delta and
western Albemarle Sound late in the sampling season. |

26). The number of striped bass larvae in feeding condition was,much
greater in 1985 than 1984. Only 1% were in feeding condition in 1984; of those,
11% had food items 1n their guts. All feeding larvae were caught in western
Albemarle Sound In 1985, first-feeding larvae were caught as far upstream'as
Station 4. Approximately 48% of Stage 1 larvae and 39% of Stage 2 1arvae had

‘consumed food items.

27). In 1985 the number of larvae with food was co;reiatedWWifﬁ saﬁpfing.
date, sample collection time, and density of cladocerans and copepods present.
Major food items were cladocerans, primarily Bosmina, and copepodid stage'
copepods. Larger Stage 2 lTarvae consumed larger food items such as Daphnia,
copepod1d and-adult copepods, -and fish (including Morone 1arvae) o '_

28). Internal parasites were found in at Teast 2% of al] Morone 1arvaeh
examined in 1985, These parasites were of two types: Type I, tentat1ve1y
identified as a protocephalid larva, attached to the intestine and stomach; and
Type I1 (unidentified) attached at three locations (gut cavity, near the anus,
and anterior to the heart).
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