






observed, a phenomenon common in riverine ecosystems.

Zooplankton. Zooplankton abundance in the Roanoke/Albemarle system was low
relative to other systems supporting spawning populations of striped bass. Abundance was not
uniform throughout the watershed but typically was concentrated in several areas. The lower
Cashie River had the highest concentrations within the Delta. In Batchelor Bay, greatest
zooplankton abundance was along the western shore, and in western Albemarle Sound
zooplankton were most abundant along the north shore near Edenton Bay. Taxonomic groups
comprising the zooplankton indicated a freshwater community dominated by cladocerans
(especially Daphnia) in the River and copepods in western Albemarle Sound. Batchelor Bay
was a transition area for zooplankton communities, with dominant taxonomic groups a function
of River flow.

Striped Bass Eggs. In both years striped bass eggs were observed at Hamilton (RM 57),
Williamston (RM 37), and Jamesville (RM 19). In 1990, eggs were collected as far downstream
as the upper reaches of the Thoroughfare (connecting to the Cashie River) and Middle River (a
Delta distributary). No eggs were collected in Batchelor Bay or western Albemarle Sound in
either year.

Larval Striped Bass Abundance. In both years, River flow was a major factor affecting
larval transport and distribution, including which route through the Delta portions of larval
cohorts took in reaching Batchelor Bay and the western Sound. In 1990, the overall abundance
of striped bass larvae was low at all sampling locations. Two small abundance peaks were
observed in mid-May. Densities were greater in 1991 under moderate flow conditions;
abundance was greatest the third week in May.

Larval Feeding. Feeding by larvae in 1990 was not successful based on examination of
stomach contents, and was only slightly better in 1991. No larvae were feeding in the River in
1990; larvae in the Bay and Sound consumed mostly copepodid copepods and Bosmina. In
1991, only 3% of 921 River larvae in feeding condition had consumed prey: tiny bivalves,
Bosmina, and other cladocerans (e.g., Daphnia). Feeding success was better in the Bay and
Sound, with copepodids and adult copepods the dominant food items.

We conclude that one factor affecting the number of Roanoke striped bass larvae
recruiting successfully to the forming year class in Albemarle Sound is the match/mismatch
phenomenon of larvae with the zooplankton food source. This phenomenon is driven by
seasonal and daily patterns in River flow. Seasonally moderate instream flow patterns position
the larvae lower in the River and Delta where zooplankton densities are highest, then gradually
carry the larvae to western Sound nurseries. Low flows cannot provide the current needed by
larvae to move them into Batchelor Bay and Sound in a timely fashion, and high flows flush both
zooplankton and larvae out of the Delta before feeding is initiated. Completion and validation of
the U.S. Geological Survey's flow model of this system should verify this match-mismatch
phenomenon and assist in developing an environmentally beneficial water release strategy for the
April-June period.
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Figure 1. Map depicting the locations of sampling sites used in 1990 and 1991. Not all
stations were sampled each trip.

4





Table 1. Descriptions of the fixed sampling locations used in the striped bass food and
feeding study, 1990-1991. Descriptions are facing downstream; i.e., right bank
= south or Plymouth side. RM = river mile. Refer to Figure 1 for graphical
information.

Approximate
Station latitude!
number longitude

1 35:57:00N,
77:02:30W
(RM57)

2 35:51:00N,
77:02:30W
(RM 37)

3 35:48:15N,
76:53:45W
(RM 19)

4 35:50:00N,
76:51:45W
(RM 16)

5 35:56:36N,
76:48:11W

6 35:53:22N,
76:45:06W

7 35:52:45N,
76:45:16W
(RM 7.5)

8 35:56:27N,
76:43:24W

9 35:56:01N,
76:42:58W

Physical description

Hamilton - Roanoke R. mainstem; strong currents;
steep banks; little submerged or emergent vegetation;
soft bottom covered with thick layers of pine bark.

Williamston - the former Station 1 (1984-88)

Jamesville - the former Station 2 (1984-88)

Power lines - similar to Station 1; several "snags"

In the uppermost Thoroughfare about 0.5 RM
downstream of its exit from the Roanoke River; mean
depth 5.6 m, maximum 7.6 m.

In the uppermost Middle River about 0.5 RM
downstream of its exit from the Roanoke River; mean
depth 5.1 m, maximum 12.2 m.

Roanoke River mainstem adjacent to Weyerhaeuser
and just above Welch Creek and the diffuser pipe;
moderate currents; steep banks and deep on right
shore (plymouth) gradating to extensive shallow,
narrow channel, sides covered with emergent lily
pads on left shore; mean depth 6.8 m, maximum 9.8 m.

Cashie River just upstream of N.C. Highway 45
bridge; moderate currents; steep bank and deep water
on left side gradating to extensive shallow,
unnavigable shelf with emergent lily pads on right
shore; mud bottom; mean depth 6.9 m, maximum
12.2m.

Middle River just upstream of the N.C. Highway
45 bridge; moderate currents; straight and fairly
uniform section of river; mean depth 5.1 m, maximum
18.3 m in the river bend just downstream.
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Table 1 continued.

Approximate
Station latitude/
number longitude

22 36:00:28N,
76:37:02W

23 36:02:06N,
76:36:07W

24 36:0l:25N,
76:35:35W

26 35:58:22N,
76:35:22W

28 35:56:35N,
76:36:01W

31 36:00:24N,
76:39:45W

32 35:58:38N,
76:40:36W

Physical description

Northwest Albemarle Sound at Buoy AS (Morse
Code A) about 7.5 km from mouth of Roanoke River;
mean depth 5.0 m, maximum 6.4 m; hard sand
bottom; probably influenced by Chowan River
discharge.

Edenton Bay in northwest Albemarle Sound about
10 km from Roanoke River mouth; usually some
salinity (0.2-0.5 ppt); probably influenced by
Roanoke River discharge only in high flow years;
mean depth 4.5 m, maximum 5.2 m.

Northwest Albemarle Sound; mean depth 4.3 m,
maximum 5.5 m.

Central western Albemarle Sound about mid-way
along the old Norfolk and Southern Railroad bridge;
mean depth 5.0 m, maximum 6.1 m.

South shore of western Albemarle Sound near
Mackey's Landing; about 6 km east of the Roanoke
River mouth; mean depth 3.8 m, maximum 5.2 m.

Western shore of western Albemarle Sound near
Black Walnut Point; about 4 km from Roanoke River
mouth; historical nursery grounds for YOY striped
bass; mean depth 3.2 m, maximum 4.7 m.

Western shore of western Albemarle Sound at Black
Walnut Point and mouth of the Chowan River;
offshore of the mouth of Salmon Creek; historical
nursery grounds for YOY striped bass; mean depth
3.8 m, maximum 4.6 m.
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Table 2. Taxonomic relationships of zooplankton collected from the lower Roanoke River,
delta, and western Albemarle Sound, North Carolina.

Phylum Cnidaria
Class Hydrozoa

Order Hydroida
Family Hydridae

Hydra species and CordyIophora lacustris
Phylum Platyhelminthes

Class Turbellaria (flatworms)
Phylum Rotatoria (rotifers
Phylum Nematoda (nematodes)
Phylum Tardigrada
Phylum Annelida

Class Polychaeta (polychaete worms)
Class Oligochaeta

Order Plesiopora pleiothecata
Family Naididae

Stylaria lacustris
Dero species

Family Aeolosomatidae
AeoIosoma leidyi

Class Hirudinea (leeches)
Phylum Anhropoda

Class Arachnoidea
Suborder Trombidiformes

Hydracarina families
Class Crustacea

Subclass Malacostraca
Superorder Peracarida

Order Amphipoda
Suborder Gammaroidea

Family Gammaridae
Gammarus species

Order Isopoda (isopods)
Order Mysidacea (oppossum shrimps)
Order Cumacea
Order Tanaidacea

Superorder Eucarida
Order Decapoda

Family Paguridae (hermit crabs)
Family Palaemonidae (grass shrimps)

Subclass Branchiopoda
Superorder Oligobranchiopoda

Order Cladocera
Family Leptodoridae

Leptodora kindti
Family Bosminidae

Bosmina species
Family Daphnidae

Daphnia species
Family Sididae
Family Chydorinae
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Table 2. Zooplankton taxonomic relationships (continued).

Subclass Ostracoda (seed shrimps)
Subclass Copepoda

Order Eucopepoda
Suborder Calanoida (adult calanoid copepods)
Suborder Cyclopoida (adult cyclopoid copepods)
Suborder Harpacticoida (adult harpacticoid copepods)
nauplius copepods (early stages)
other copepodids

Order Branchiura
Suborder Arguloida

Family Argulidae
Argulus species

Class Insecta
Subclass Apterygota

Order Collembola (springtails)
Subclass Pterygota

Order Ephemeroptera (mayflies)
Order Odonata (dragonflies)
Order Orthoptera
Order Megaloptera (alderflies)
Order Hemiptera (true bugs)

Family Belostomatidae (giant waterbugs)
Family Corixidae
Family Gerridae

Order Plecoptera (stoneflies)
Order Hymenoptera (wasps)

Subclass Endoptergota
Order Trichoptera (caddisflies)
Order Neuroptera

Family Sisyridae (spongillaflies)
Order Coleoptera

Suborder Adephaga
Family Dytiscidae (predaceous diving beetles)
Family Gyrinidae (whirligig beetles)
Family Haliplidae

Peltodytes species (crawling water beetles)
Suborder Polyphaga

Family Elmidae (riffle beetles)
Order Diptera

Suborder Nematocera
Family Culicidae

Subfamily Culicinae (mosquitos)
Subfamily Chaoborinae

Chaoboxous species (phantom midges)
Family Chironominidae (chironomids)
Family Heleidae
Family Dixidae

Suborder Cyclorrhapha
Family Ephydridae (shoreflies)

Order Thysanoptera (thrips)
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Table 2. Zooplankton taxonomic relationships (continued).

Phylum Mollusca
Class Bivalvia
Class Gastropoda

Phylum Chordata
Subphylum Vertebrata

Class Amphibia
Order Anura

Family Ranidae (tadpoles)
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Surface Water pH. In both 1990 and 1991, Bay and Sound waters remained near or
above 7.0 (Figure 6). A sudden dip in pH evident in early May 1991 were concurrent with
sudden increases in dissolved oxygen concentration; at this same time instream flow increased at
Roanoke Rapids (Figure 2). Whether these changes in water quality and instream flow were
related is unknown.

Salinity. The lower Roanoke River and western Albemarle Sound are oligohaline (0.0
004 ppt) each year during the April-June period. Although Bay and Sound waters averaged
slightly higher in salinity, occasionally some river stations were more saline due to prevailing
water currents. On many occasions the northern Albemarle Sound stations were more saline than
southern counterparts. Whether the western Sound and River are oligohaline or fresh depends
on the amount of ocean water entering through the barrier island inlets, especially Oregon Inlet,
as a function of prevailing weather patterns and freshwater input to Albemarle Sound. In 1991,
essentially no salinity was measured in the Sound or River until mid-May even though
freshwater input to Albemarle Sound was moderate to low during the same period (Figure 7).

Phytoplankton and Chlorophyll a

Three measures of phytoplankton abundance were used in the Roanoke study: 1)
chlorophyll a (ug/L), 2) phytoplankton cell density (cells/L), and 3) phytoplankton wet weight
biomass (ug/L). It is worthwhile to consider all three, because they do not always closely agree,
and because in the literature there are chlorophyll a, density, and biomass data for many
freshwater and estuarine systems.

Historically, chlorophyll a levels have generally been less than 10 ug/liter in the lower
Roanoke River and western Albemarle Sound (Rulifson et al. 1992). In the spring of 1990 and
1991 the chlorophyll a concentrations ranged from less than 0.1 to over 121lg!L, but were mostly
between 2 and 61lg!L. In both years, average values were higher in the River and in the Sound
than in Batchelor Bay (Figure 8).

A total of 154 phytoplankton species have been identified from the study area. The group
showing the highest diversity is the Bacillariophyceae (diatoms) (77 species), followed by the
Chlorophyceae (green algae) (42 species). In addition, there are a few representatives of other
classes each year: Chrysophyceae (9 species), Dinophyceae (dinoflagellates)(9 species),
Euglenophyceae (euglenophytes) (5 species), and Cyanophyceae (blue-greens) (2 species). In
addition there are species which could not be identified and therefore were placed in the
'Unknown' category (to). A listing of the species found through 1986 is given in Rulifson et al.
(1988).

In 1990 and 1991, as in previous years, most of the phytoplankton taxa occurred
infrequently, but there were a few which were relatively common. Only 5 of the cell types
appeared in more than 10% of the samples (Table 3). Representatives of two classes -
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Table 3. Most frequently occurring phytoplankton taxa, and their relative occurrence in
samples (%), in the lower Roanoke River and western Albemarle Sound, North
Carolina, in 1990 and 1991. Class BAC =Bacillariophyceae; CHL =Chlorophyceae;
CHR =Chrysophyceae; EUG =Euglenophyceae; UNK =Unknown.

Taxon

Schizogonium murale
Cyclotella sp.
Zygnema sp.
Coscinodiscus sp.
Melosira granulata
Unknown 460
Synedra sp. 3
Fragilaria sp. 4
Fragilaria sp. 3
Unknown 502
Cyclotella sp.
Navicula sp. 14

Cell
type

24
72

462
468
508
460
509
511
463
502

3
104

Class

CHL
BAC
Cm...
BAC
BAC
UNK
BAC
BAC
BAC
UNK
BAC
BAC

21

1990

13
12
3
5

15
9
5
3

11
10

1991

15
8
2
5
6
5
6

8
4
6
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Table 4. Relative contribution (% using density) of each taxonomic group to the spring
zooplankton community of the lower Roanoke River (Stations 1-12), Batchelor Bay
(Stations 13-16), and western Albemarle Sound (Stations 17-32), North Carolina,
1990-1991. Period (.) = not observed in samples.

River Bay Sound

Taxonomic group 1990 1991 1990 1991 1990 1991

Amphipoda-gammarid egg 0.0 0.0 0.1 0.0 0.0
Amphipoda - Gammaridae 1.6 0.7 4.8 2.7 1.3 0.3
Arachnida 0.2 0.3 0.1 0.3 0.2 0.1
Bivalvia 0.0 0.0 0.0 0.0
Bivalvia-larvae 0.0 0.3 0.2 0.1 0.0
Caddisfly adult . .
Caddisfly larvae 0.1 0.1 0.1 0.1 0.0
Clad. - Bosmina 2.8 7.8 3.5 16.9 1.3 2.5
Clad. - Daphnia 44.8 12.8 37.6 11.2 4.8 1.0
Clad. - Leptodora 0.0 0.0 0.0 0.2 10.3 2.7
Cladocera - other 12.0 11.2 10.4 9.9 9.1 7.1
Clad.-unid. egg 0.1 1.6 0.1 1.0 0.0 0.0
Clad.-unid. juvenile 0.9 1.2 0.8 1.0 0.0 0.1
Coleopt.-Dytiscidae larvae 0.0 0.0 0.0 0.0
Coleopt. -Gyrinidae adult
Coleopt. -Gyrinidae larvae 0.0 0.0
Coleopt.-Peltodytes larvae
Coleoptera 0.0 0.0
Coleoptera-Elmidae 0.0
Collembola larvae 0.0 0.0 .
Copepoda-egg mass 0.1 0.5 0.2 0.7 0.0 0.1
Copepoda-nauplius 0.0 0.1 0.0 0.0
Copepoda-Argulus sp. 0.0
Copepoda-Calanoida 5.6 6.8 10.0 9.9 2.4 2.2
Copepoda-Cyclopoida 24.0 28.4 27.8 31.6 68.3 82.2
Copepoda-Harpacticoida 0.0 0.0 0.0 0.0
Copepodids 0.3 0.2 0.3 0.2 0.0 0.0
Cumacea 0.0
Decapoda - shrimp larvae .
Dipt.-biting midge larvae 0.0 0.0 0.0 0.0 0.0
Dipt.-biting midge pupae 0.0 0.0 .
Dipt.-chironomid adult 0.0 0.0 0.1 0.0 0.0 0.0
Dipt.-chironomid larvae 0.4 0.6 0.4 0.7 0.3 0.0
Dipt.-chironomid pupae 0.0 0.0 0.0 0.0 0.1 0.0
Dipt.-mosquito adult

0.0\Dipt.-mosquito larvae 0.0
Dipt.-mosquito pupae
Dipt.-phantom midge adult .
Dipt.-phantom midge larvae 0.4 0.9 0.3 0.6 0.5 0.7
Dipt.-phantom midge pupae 0.0 0.1 0.1 0.0 0.0 0.1
Dipt-Dixidae adult . .
Diptera 0.0 0.0 0.0 0.0 0.0
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Table 4 (continued).

River Bay Sound

Taxonomic group 1990 1991 19~)Q 1991 1990 1991

Eph.-mayfly adults . .
Eph.-mayfly nymphs 0.0 0.0 0.0 0.0 0.7 0.0
Gastropoda-snail
Gastropoda - egg
Hemiptera 0.0 0.0
Hemiptera-Belostomatidae
Hemiptera-Corixidae 0.0 0.0 0.0 0.0
Hemiptera-Gerridae
Hirudinea .
Hydra 0.4 0.8 0.0 0.0
Hydra - medusa
Hymenoptera-ant 0.0 0.0
Hymenoptera-diving wasp 0.0 0.0
Isopoda 0.0 0.0 0.0 0.1 0.0
Megalopt.-alderfly larvae 0.0 .
Mysidacea - Mysis shrimp 0.0
Mysidacea - Mysis zoea
Nematoda 0.0 0.0 0.0 0.0 0.0
Odonata 0.0 0.0 0.0 0.0
Oligo.-Aeolosoma 0.2 0.4 0.0 0.2 0.0
Oligo.-Dero 0.0 0.1
Oligo.-Stylaria 0.3 0.3 0.5 0.3 0.0 0.0
Ostracoda 2.9 4.6 1.5 0.2 0.1
Plecoptera adult
Plecoptera nymph
Polychaeta
Rotifer - colonial 0.1 1.1
Rotifer - single 2.3 18.5 0.0 1.1 0.0 0.1
Spongillaflyadult 0.7 7.9 0.0 0.4
Spongillafly larvae 0.0
Tanaid
Tardigrada 0.0
Thysanoptera (thrip) 0.0 0.1 0.0 0.0 0.0
Tubellaria 0.0 0.0
Unidentified 0.1 0.1 0.1 0.0 0.0

Total average density (1m3) 342 196 337 208 555 482
(n) Total samples 149 140 45 52 62 63
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Table 5. Relative contribution (% using biomass) of each taxonomic group to the spring
zooplankton community of the lower Roanoke River (Stations 1-12), Batchelor Bay
(Stations 13-16), and western Albemarle Sound (Stations 17-32), North Carolina,
1990-1991. Period (.) = not observed in samples, or no weight estimate available.

\

River Bay Sound

Taxonomic group 1990 1991 1990 1991 1990 1991

Amphipoda-gammarid egg · 0.0 0.0 0.0
Amphipoda - Gammaridae 15.6 10.3 37.8 31.6 14.3 4.5
Arachnida 0.4 0.8 0.2 0.6 0.3 0.3
Bivalvia 0.1 0.1 . 0.0 0.2
Bivalvia-larvae 0.0 0.0 0.0 0.0 0.0
Caddis fly adult
Caddisfly larvae 0.2 0.3 0.1 0.1 0.0
Clad. - Bosmina 0.4 1.7 0.4 3.1 0.2 0.5
Clad. - Daphnia 46.8 19.2 31.4 14.1 5.4 1.5
Clad. - Leptodora 0.1 0.0 0.0 0.4 19.7 6.9
Cladocera - other 13.9 18.7 9.7 13.8 11.6 12.0
Clad. -unid. egg 0.0 0.0 0.0 0.0 0.0 0.0
Clad.-unid. juvenile 0.0 0.0 0.0 0.0 0.0 0.0
Coleopt.-Dytiscidae larvae 0.0 0.0 0.1 0.0
Coleopt.-Gyrinidae adult
Coleopt.-Gyrinidae larvae 0.1 0.2
Coleopt.-Peltodytes larvae
Coleoptera
Coleoptera-Elmidae 0.1
Collembola larvae 0.0 0.0
Copepoda-egg mass 0.0 0.0 0.0 0.0 0.0
Copepoda-nauplius 0.0 0.0 0.0 0.0 .
Copepoda-Calanoida 0.8 1.5 1.2 1.8 0.4 0.5
Copepoda-Cyclopoida 11.4 19.4 10.6 18.1 35.5 56.6
Copepoda-Harpacticoida 0.0 0.0 0.0 . 0.0
Copepodids 0.0 0.0 0.0 0.0 0.0 0.0
Decapoda - shrimp larvae
Dipt.-biting midge larvae 0.1 0.0 0.1 0.0 0.0
Dipt.-biting midge pupae · 0.6
Dipt.-chironomid adult 0.4 0.8 1.1 1.4 0.6 0.3
Dipt-chironomid larvae 2.0 4.3 1.7 3.9 1.6 0.4
Dipt.-chironomid pupae 0.4 0.4 0.2 0.7
Dipt.-mosquito adult ·
Dipt.-mosquito larvae 0.0 0.0
Dipt.-mosquito pupae
Dipt.-phanrom midge adult
Dipt.-phantom midge larvae 5.0 14.9 3.1 8.0 6.6 12.4
Dipt.-phantorn midge pupae 0.8 2.6 1.2 0.5 0.1 2.9
Dipt-Dixidae adult
Diptera
Eph.-mayfly adults .
Eph.-mayfly nymphs 0.1 0.1 0.0 0.0 1.5 0.0
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Table 5. Zooplankton contribution (% by biomass, continued).

River Bay Sound

Taxonomic group 1990 1991 1990 1991 1990 1991

Gastropoda-snail
Gastropoda-egg
Hemiptera O.
Hemiptera-Belostomatidae · ·
Hemiptera-Corixidae 0.0 0.1 0.1
Hemiptera-Gerridae
Hirudinea .
Hydra 0.5 1.3 0.0 0.0
Hydra - medusa .
Hymenoptera-ant 0.1
Hymenoptera-diving wasp · 0.0 .
Isopoda 0.0 0.0 0.1 0.3 0.1
Megalopt. -alderfly larvae 0.2 .
Mysidacea - Mysis shrimp 0.0
Mysidacea - Mysis zoea ·
Nematoda 0.0 0.0 0.0 0.0 0.0
Odonata · ·
Oligo.-Aeolosoma 0.0 0.0 0.0 0.0 0.0
Oligo.-Dero 0.0 0.1
Oligo.-Stylaria 0.4 0.6 0.5 0.5 0.0 0.0
Ostracoda 0.2 0.6 0.1 0.3 0.0 0.0
Plecoptera adult
Plecoptera nymph
Polychaeta
Rotifer - colonial 0.1 1.3 0.0 1.1 0.0 0.1
Rotifer - single 0.0 0.0 0.0 0.0 0.0 0.0
Spongillaflyadult
Spongillafly larvae
Tanaid
Tardigrada
Thysanoptera (thrip)
Tubellaria 0.1 0.2

Total average biomass (g/m3) 71 28 97 35 106 71
(n) Total samples 149 140 45 52 62 63
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Table 6. Average density (number/IOO rrr') of striped bass and white perch eggs in the lower
Roanoke River, Middle River, and Cashie River, North Carolina, 1990-1991.
Number of efforts in parenthesis.

Roanoke R. mainstem stations
Middle R.
stations

Cashie R.
stations

Year 1 2 3 4 7 10 12 6 9 5 8 11

Striped bass

1990 29
(10)

1991 23
(9)

White perch

1
(10)

2
(9)

<1
(10)

<1
(9)

<1
(9)

o
(9)

o
(13)

o
(11)

o 0
(16) (14)

o 0
(12) (11)

<1 0
(13) (15)

o 0
(11) (12)

<1 0
(10) (15)

o 0
(9) (12)

o
(14)

o
(11)

1990 <1
(10)

1991 <1
(9)

o
(10)

1
(9)

o
(10)

<1
(9)

o 0
(9) (13)

o <1
(9) (11)

<1 0
(16) (14)

o 0
(12) (11)
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o
(13)

<1
(11)

<1
(15)

o
(12)

o
(10)

o
(9)

o
(15)

o
(12)

o
(14)

o
(11)









1990 RM57
RM37
RM 19
RM 16

Cashie River
- Thoroughfare

Middle
.... Lower

1990
___ 180.---------------------:::--:-:--;::::-----,
~ 160
8 140
~ 120-~100
.~ 80-

~ 60
ctl 40
~ 20-

.....J lJn-1-~-..,.-......---oof_....,.c;::;;:~.;.-~_;;.-~~:--~~__::r::-~
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Closer inspection of the 1991 data clearly show downstream transport of striped bass
larvae under moderate and stable instream flows (Figure 15). Peak larval abundance upstream
was observed during sampling trips 4-6 (10-16 May) corresponding with three spawning events
upstream several days earlier (8-14 May; 62.2% of the total egg production). This larval cohort
had moved downstream as far as RM 16 by sampling trip 6 (16 May) and appearing in the Delta
by sampling trip 7 (18 May). At this time, greatest densities were in the upper Middle River
(630/100 rrr') and Thoroughfare (201/100 rrr'). In the Roanoke mainstem, the larval cohort was
near the mouth (Figure 15). This larval transport pattern resulted in peak larval abundance in
Batchelor Bay on 20 May at Station 13 (675/100 m3

) and Station 16 (306/100 nr') (Appendix
Table A-12).

The relative abundance and distribution of white perch larvae was not examined in detail.
However, it should be noted that the length frequency distributions in both years indicated that
white perch larvae were smaller than striped bass larvae, and that Bay and Sound white perch
larvae were larger than those in the River (Figure 16).

Larval Feeding

Feeding by larval striped bass in 1990 was not successful based on examination of gut
contents. Only one larva collected in the River was developed to the point at which feeding was
possible; no food was present in the gut. Larval feeding in the Bay was first observed at Station
16 on 13 May, by 23 May at Black Walnut Point, and at other locations of western Ablemarle
Sound by 26 May (Table 7). Only seven Bay larvae were in feeding condition, and 29% of those
contained food (Bosmina and copepodids). In the Sound, 15 larvae were in feeding condition
and 73% contained food. Copepodid copepods were the prey consumed most often (85% of all
food) followed by Bosmina (10%) and other cladocerans including Daphnia (3.5%) (Table 8). It
must be remembered that we collected and examined those larvae that were survivors (e.g.,
successful at predator avoidance, etc.) and so it is reasonable to expect that a higher proportion of
Bay and Sound larvae are feeding successfully. The length frequency distributions indicated that
larvae in feeding condition were slightly larger than the general population (Figure 17).

Larval feeding was only slightly better in 1991 (Table 8). Larval feeding in the River
was first observed on 18 May and in the Bay and Sound by 21 May (Table 7). Only 3% of the
921 River larvae capable of feeding contained food in guts but the diet was quite varied; prey
were Bosmina (36%), small bivalves (25%), other cladocerans (11%), copepodid copepods (8%),
detritus (6%), copepod nauplii (4%), biting midge and chironomid larvae and pupae (4%), and
ostracods (2%). In the Bay, only 2% of 771 larvae capable of feeding had ingested prey:
copepod adults (33%), Bosmina (19%), copepodid copepods (14%), bivalves (14%), and
ostracods (5%). In the Sound, 47% of 194 larvae capable of feeding had consumed prey,
primarily copepodids (58%) and copepod adults (39%) (Table 8). The length frequency
distribution for 1991 shows that larvae capable of feeding were slightly larger than the general
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Table 8. Relative contribution (% by enumeration) of prey consumed by larval striped bass in
the lower Roanoke River (Stations 1-12), Batchelor Bay (Stations 13-16) and
western Albemarle Sound (Stations 17-32), North Carolina, 1990-1991. Period (.) =
not observed in striped bass stomachs.

Taxonomic group

River

1990 1991

Bay

1990 1991

Sound

1990 1991

Cladocera - Bosmina
Clad.-other (Daphnia)
Copepoda-nauplius
Copepodids
Copepod adults
Ostracoda
Biting midge &

chironomid larvae/pupae
Rotifer-single & colonial
Bivalvia
Detritus
Unidentified

Total prey items
Total fish examined
Total fish with food (%)

o
1
o

36.17
10.64
4.26
8.51

2.13

4.26

25.53
6.38
2.13

47
921
3

41

50

50

2
7
29

19.05

14.29
33.33

4.76

14.29

14.29

21
771
2

10.12 0.85
3.57 0.28

85.71 58.36
39.38

0.60 0.85

0.28

168 353
15 194
73 47



route











Moody, D.W., E.B. Chase, and D.A. Aronson. 1985. National water summary 1985 
hydrologic events and surface-water resources. U.S. Geological Survey, Water Supply
Paper No. 2300.

Olney, J.E., G.C. Grant, EE. Schultz, C.L. Cooper, and J. Hageman. 1983. Pteygiophore
interdigitation patterns in larvae of four Morone species. Trans. Am. Fish. Soc. 112: 525
531.

Pennak, R.W. 1979. Freshwater invertebrates of the United States. Ronald Press. New York.

Rozengurt, M. and M. Herz. 1985. Relationship between inflow and commercial/recreational
fish catches in the San Francisco Bayn Estuaries 8(2B):29A.

Rulifson, R.A. 1984a. Investigation of possible finfish predators of striped bass (Morone
saxatilis) in western Albemarle Sound, North Carolina. North Carolina Department of
Natural Resources and Community Development, Division of Marine Fisheries,
Morehead City, Completion Report for Project AFC-18-3, Job 4, 75p.

Rulifson, R.A. 1984b. Food and feeding of young striped bass in western Albemarle Sound,
North Carolina. North Carolina Department of Natural Resources and Community
Development, Division of Marine Fisheries, Morehead City, Completion report for
Contract C-1366, 47p.

Rulifson, R.A. 1989. Abundance and viability of striped bass eggs spawned in Roanoke River,
North Carolina, in 1988. Albemarle-Pamlico Estuarine Study, Raleigh, NC, Project No.
90-3.

Rulifson, R.A. and C.S. Manooch,III (eds.). 1990a. Roanoke River Water Flow Committee
Report for 1988 and 1989. NOAA Tech. Mem. NMFS-SEFC-256.

Rulifson, R.A. and C.S. Manooch, III. 1990b. Recruitment of juvenile striped bass in the
Roanoke River, North Carolina, as related to reservoir discharge. North American
Journal of Fisheries Management 10:397-407.

Rulifson, R.A., D.W. Stanley, and J.E. Cooper. 1986. Food and feeding of young striped bass in
Roanoke River and western Albemarle Sound, North Carolina, 1984-1985. North
Carolina Department of Natural Resources and Community Development, Division of
Marine Fisheries, Morehead City, Completion Rep. AFS-24.

Rulifson, R.A., D.W. Stanley, and J.E. Cooper. 1988. Food and feeding of young striped bass in
Roanoke River and western Albemarle Sound, North Carolina, 1986. North Carolina
Wildlife Resources Commission, Raleigh, Progress Report for F-27-1. 76 p. +

47







:3
o
N



190



Table A-3. Zooplankton density (number/m') in the lower Roanoke River (Stations 1-12), North Carolina, 1990-
1991. Period (P) N= night samples.

S TAT I 0 It

DATE P 1 2 3 4 5 6 7 8 9 10 11 12 AVE.

04/18/90 N · · · · · · · . 260 227 . 243
04/25/90 N · · · · · · 379 . . . 379
04/21/90 N · · · · · · 1598 469 664 . . 911
05/01/90 N 39 180 136 · · · · . . 211 701 196 244
05/04/90 N 54 136 171 310 111 336 562 420 113 229 461 2111 428
05/07/90 N 71 182 102 190 277 380 311 3§24 265 53 1243 411 609
05/11/90 It 46 62 58 134 196 154 133 574 101 82 647 111 191
05/13/90 N 56 46 46 90 86 160 81 1205 61 41 802 83 230
05/15/90 It 54 39 118 56 168 318 181 846 101 26 351 55 198
05/18/90 It 54 38 479 383 347 221 74 431 18 73 359 47 215
OS/21/90 N 212 341 251 535 382 290 377 258 85 70 410 118 282

(J1 OS/24/90 It 122 400 515 416 857 796 461 697 498 553 432 342 512
N OS/27/90 It 43 180 259 243 110 242 168 1211 130 84 835 161 310

05/30/90 N · · · · 234 333 240 1278 152 166 714 680 482
06/02/90 It · · · · 304 229 825 232 221 382 265 352
06/04/90 It · · · · · 640 318 291 732 457 485 354 468
06/06/90 It · · · 666 642 548 628 511 385 475 552

AVE. N 75 160 220 262 289 377 291 959 264 230 591 391 342

03/01/91 N · · · · · · 332 107 132 · · 190
03/07/91 N · · · · · · 210 125 130 · · 155
03/26/91 It · · · · · · · 50 186 283 · · 113
04/02/91 It · · · · · · 565 675 711 · · 652
04/10/91 N · · · · · · 643 2181 1547 · · 1457
04/24/91 It · · · · · · 775 1000 838 · · 871
05/02/91 It · · · · · 302 325 706 439 442 498 298 430
05/07/91 It 51 119 270 296 240 161 236 159 109 19 119 35 156
05/10/91 N 56 113 164 152 281 93 57 204 90 66 213 62 129
05/13/91 It 50 76 86 93 119 142 43 132 91 21 241 16 93
05/16/91 It 35 59 37 53 87 18 11 196 25 41 184 95 70
05/18/91 It 57 31 23 13 11 45 55 404 120 16 340 24 95
OS/20/91 It 71 36 45 55 72 66 20 1014 68 39 637 59 182
OS/22/91 N 38 32 49 57 96 153 25 432 58 14 478 12 120
OS/24/91 It 55 34 24 35 34 34 9 288 35 22 169 51 66
OS/26/91 It 21 22 16 35 39 39 19 363 41 6 289 15 76
05/30/91 N · · · · · 26 1232 1381 26 42 3164 72 849

AVE. rt 49 65 79 88 109 98 185 462 316 257 576 67 196
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Table A-5. Zooplankton biomass (g/nr') in the lower Roanoke River (Stations 1-12), North Carolina, 1990-1991.
Period (P) N= night samples.

S TAT ION

DATE p 1 2 3 4 5 6 7 8 9 10 11 12 AVE.

04/18/90 N · · · · · · . 51 34 · 43
04/25/90 N · · · · · 81 . . · 81
04/27/90 N · · · · · · · 197 74 108 · 126
05/01/90 N 7 27 25 · · · . . 44 166 30 50
05/04/90 N 6 22 42 67 32 48 111 82 49 43 95 472 89

05/07/90 N 11 22 14 29 50 58 70 752 67 17 265 61 118
05/11/90 N 7 9 8 27 50 30 24 110 37 19 155 39 43
05/13/90 N 7 9 14 17 13 70 23 234 49 12 142 19 51
05/15/90 N 6 5 23 11 32 73 34 168 27 3 89 11 40
05/18/2,0 N 6 6 98 82 58 43 12 94 37 21 54 20 44
OS/21/90 N 28 51 49 113 77 85 88 78 84 13 103 35 67
OS/24/90 N 19 60 116 82 172 156 98 144 187 122 237 86 123

(J1 OS/27/90 N 8 36 47 51 34 49 32 169 37 19 165 28 56
.j:::oo 05/30/90 N 57 78 53 331 53 37 202 111 115· ·06/02/90 N · · · · · 60 44 166 56 44 129 71 61

06/04/90 N · · · 136 58 61 146 87 119 129 105
06/06/90 N · · · 123 122 84 109 96 72 90 99

AVE. N 11 25 44 53 58 77 59 183 71 45 142 66 71

03/01/91 N · · · · · 38 16 16 · · 23
03/07/91 N · · · · · · 19 15 15 · · 16
03/26/91 N · · · · · · · 5 20 30 · · 16
04/02/91 N · · · · · · · 67 85 87 · · 60
04/10/91 N · · · · · · · 66 221 180 · · 156
04/24/91 N · · · · · · · 119 198 165 · · 161
05/02/91 N · · · · · 53 53 326 65 70 83 54 100
05/07/91 N 9 26 42 59 42 26 39 39 34 2 46 5 31
05/10/91 N 9 16 28 24 49 13 11 57 44 10 43 25 27
05/13/91 N 8 10 15 12 16 26 10 14 23 4 42 2 15
05/16/91 N 5 10 8 13 17 3 3 27 5 13 28 29 13
05/18/91 N 13 7 5 4 2 9 7 71 29 5 74 4 19
OS/20/91 N 15 6 8 10 11 9 3 166 10 7 116 23 32
OS/22/91 N 11 13 9 11 28 33 3 68 26 2 76 1 24
OS/24/91 N 12 5 10 16 7 4 2 31 28 14 29 27 15
OS/26/91 N 19 7 1 3 6 4 10 52 15 1 31 4 13
05/30/91 N · · · 4 5 60 20 9 64 19 32

AVE. N 11 11 14 17 20 17 13 73 50 37 59 18 26



Table A-6. Zooplankton biomass (g/m') in Batchelor Bay (Stations 13-16) and western Albemarle Sound (Stations 17-32), North
Carolina, 1990-1991. Period (P) N= night samples.

S TAT ION

DATE P 13 14 15 16 17 18 20 21 22 23 24 26 28 31 32 AVEl AVE2

04/25/90 N 90 · 60 61 · 128 · · · · · · 71 128
05/01/90 N 363 · 81 68 · · · · · · 173
05/04/90 N 92 · 51 64 · · · · · · · · · 69
05/01/90 N 241 · 42 108 · · · · · · · · · · · 132
05/11/90 N 140 · 190 194 · · · · · · · · · · 115
05/13/90 N 28 · 31 48 · · · · · · · · · · · 38
05/15/90 N 134 · 21 29 · · · · · · · · · 61
05/18/90 N 23 · 51 21 · · · · · · · · · 32
OS/21/90 N 69 · 144 · · · · · · · · · 106
OS/23/90 N · 33 · · 68 12 59 93 91 82 21 63 46 51 33 65
OS/24/90 N 149 · 86 10 · · · · · · · · · · 82 ·OS/26/90 N · · · 18 9 91 · · · 101 · · 56
OS/21/90 N 330 · 19 111 · · · · · · · · · · · 175 ·OS/29/90 N · · · · 31 21 51 20 90 62 26 96 82 40 · 53
05/30/90 N 80 · 21 85 · · · · · · · · · · 62
06/02/90 N 147 · 61 120 · · · · · · · · · · · 109
06/06/90 N 105 · 12 219 · · · · · · · · · · 132 ·

(Jl 06/08/90 N · · · · · · · · · · · · · 92 178 · 135
(Jl 06/10/90 N · · 17 · · 152 44 102 191 50 319 11 72 64 209 17 129

06/13/90 N · · 23 · · 38 51 30 213 181 238 109 55 401 222 23 155
06/15/90 N · · · · · · · · 218 259 114 · · 6 109 · 153
06/17/90 N · · 12 · · 33 15 58 215 236 230 175 148 5 41 12 116

AVE. N 143 · 51 93 · 68 35 66 170 152 174 83 89 100 121 91 106
,-

03/12/91 N 22 · 1 14 · 11 · · · · · · · · · 14 11
03/20/91 N 13 · 18 15 · 13 · · · · · · · · · 16 13
04/04/91 N 52 · 24 50 · 25 · · · · · · · · · 42 25
04/17/91 N 56 96 45 · 18 · · · · · · · · · 66 18
04/30/91 N 53 · 35 66 · 10 · · · · · · · · 51 10
05/02/91 N 30 · 33 22 · · · · · · · · · · 28
05/01/91 N 18 · 28 22 · · · · · · · · · · · 23
05/10/91 N 110 · 40 23 · · · · · · · · · · · 58
05/13/91 N 49 · 4 12 · · · · · · · · · 21
05/16/91 N 22 · 31 29 · · · · · · · · · · 29
OS/20/91 N 31 · 52 9 · · · · · · · · · · · 33 ·OS/21/91 N · · 15 · · 18 15 26 143 91 139 14 98 8 45 15 66
OS/22/91 N 109 · 19 26 · · · · · · · · · · · 51 ·OS/23/91 N · · 2 · · 9 10 16 88 93 42 49 27 68 33 2 43
OS/24/91 N 59 · 18 16 · · · · · · · · · · · 31
OS/25/91 N · · 12 · · 88 10 23 64 11 32 30 49 4 38 12 41
OS/26/91 N 43 · 19 26 · · · · · · · · · · 29 ·OS/28/91 N · · 1 · · 166 110 83 68 149 185 11 95 12 171 7 112
05/30/91 N 20 · 36 14 · · · · · · · · · · · 23
06/01/91 N · · 141 · · 147 64 62 · · · · · 53 135 141 92
06/03/91 N · · 21 · · 60 15 64 · · · · · · 21 46
06/05/91 N · · 56 · · 108 46 101 18 89 86 118 109 154 47 56 94

AVE. N 46 · 33 26 · 56 39 54 88 100 91 70 16 50 18 35 71



Table A-7. Average density (nurnber/m') of zooplankton taxa, by station, in the lower Roanoke River (Stations 1-12), North
Carolina, for 1990. Period (P) N=night samples.

YEAR=90 PERIOO=N s TAT ION

TAXONOMIC GROUP 1 2 3 4 5 6 7 6 9 10 11 12 AVE.

Amphlpoda - gam.arld egg · · · · · · · 0 0 · 0 · 0
Amphlpoda - Gammarldae · 0 0 2 3 5 2 10 13 1 21 5 6
Arachnida 0 1 1 1 0 1 0 3 0 0 0 0 1
Bivalvia 0 1 · · 0 0 · · · · · 0
BIva Iv la - la rv . · · · · · · · 0 0 1 · · 0
Caddlsl"ly larv. 0 1 1 0 0 0 0 0 0 0 1 0 0
Clad.- Bosmlna 10 12 10 3 8 9 4 26 11 10 10 3 10
Clad.- Daphnia 20 60 94 128 126 185 161 393 126 120 213 213 153
Clad.- Leptodora 0 · · · · · 0 · · · · 1 0
Cladocera - other 7 10 49 46 49 40 28 112 26 27 91 18 42
Cladocera - un td , egg · 1 · · 0 · 0 2 0 0 0 1 1
Cladocera - unld. Juv. 0 2 1 1 1 3 2 16 1 1 5 2 3
Coleopt.-Dytlscidae larv. · · · · · · 0 · 0 · · 0
Coleopt.-Gyrlnldae IaN. · · · · · · · 0 0 · · 0
Copepoda - egg mass -- · · · 0 0 0 2 · 0 3 · 1
Copepoda - naupl ius 1 · · · · · · · · 0 · · 0
Copepoda - Calanolda 6 10 9 13 15 13 11 74 14 8 46 8 19

<.n
Copepoda - Cyclopolda 20 40 42 55 67 96 68 230 59 47 140 118 82

0"1 Copepoda - Harpacticolda · · · 0 · · · · · 0
Copepodlds 1 0 · 0 · 0 0 4 1 1 2 1 1
Dipt.-bltlng midge larv. · · · 0 1 0 · 0 0 · 1 0 0
Dlpt.-chlronimid pup. · · · · 0 0 0 0 · · 1 0 0
Dipt.-chlronomid adUlt · · 0 · · · · · 0 0 · 0 0
Dlpt. -chi ronomld IaN. · 1 1 2 1 1 1 2 2 2 5 1 2
Dipt.-mayrly nymphs · 0 · · 0 0 0 0 0 0 · 0
Dipt.-mosqulto IaN. · 0 · 0 0 · · · 0 · · · 0
Dlpt.-phantom midge IaN. · 0 1 1 0 0 1 6 0 0 3 3 2
Dlpt.-phantom midge pup. · · 0 · 0 0 0 1 0 · 0 0 0
Dlptera · · · · · · · · · 0 · 0 0
Hemiptera - CoriX'dae · · · · 0 · · · · · · · 0
Hydra 6 6 2 0 1 2 1 0 1 2 · 0 2
Isopoda · · · · · · · · 0 0 0 0
Nematoda · · · · · 0 · · · 0 · · 0
Odonat8 · · · · 0 0 · · · 0 0 0 0
Ollgo.- Aeolosoma 1 0 0 0 1 1 0 0 0 1 1 0 1
Oligo. - Dero · · 0 1 0 0 · · 0 0 · · 0
Oligo. - Stylarla · · 0 0 0 2 1 3 1 0 4 1 1
Ostracoda 1 3 6 5 5 13 6 44 5 4 20 5 10
Rotlfer - colonial · · 0 0 1 1 1 0 0 1 0 1 1
Rotirer - single 2 12 2 3 5 3 1 28 2 1 25 8 8
Thysanopte ra (th r' p) · · 0 0 · · 0 · · 0
Unidentified 0 0 0 0 1 0 · 0 0 0 0 0 0

Total density (/m3) 75 160 220 262 289 377 291 959 264 230 591 391 342
Avg. volume sampled (m3) 19 19 20 21 21 23 22 22 24 23 21 23 21
(n) Dates sampled 10 10 10 9 10 13 13 15 15 16 14 14 149



Table A-8. Average density (number/m') of zooplankton taxa, by station, in Batchelor Bay (Stations 13-16) and western Albemarle Sound
(Stations 17-32), North Carolina, for 1990. Period (P) N=night samples.

YEAR=90 PER IOD=N S TAT ION

TAXONOMIC GROUP 13 14 15 16 17 18 20 21 22 23 24 26 28 31 32 AVEl AVE2

Amph Ipoda - gamma rid egg · · · 1 · · · · · 0 · · · 1 0
Amphlpoda - GaRmarldae 33 · 11 9 · 14 3 19 1 3 2 3 18 6 4 18 7
Arachnida 1 · 0 0 2 0 1 1 · 0 1 1 1 2 0 1
Blva Ivla · · · · · · · · · · · 0 · . 0
BIva Iv Ia - Ia rv. 1 · 0 1 · · · · · · · · · 1
Caddlsfly larv. 0 · 0 0 · 0 · · · · 0 · · · · 0 0
Clad. - Bosilina 18 · 8 13 · 9 6 2 14 4 10 11 4 1 6 13 1
Clad.- Daphnia 159 · 11 198 · 41 68 69 2 0 2 6 24 32 14 143 26
CIad. - Leptodo ra · · · 0 · 2 2 6 156 85 61 86 28 76 14 0 58
Cladocera - other 62 · 22 32 · 34 20 13 84 81 109 35 36 26 63 39 51
Cladocera - unld. egg 0 · · 0 · 0 · · · · · · · · 0 0
Cladocera - un ld , Juv. 5 · 1 3 · · 1 · 0 0 0 · 0 0 3 0
Coleopt.-Dytlscldae larv. · · · 0 · · 0 · · · · · · · · 0 0
Coleopt.-Gyrinldae larv. · · · 0 · · · · · · · · · · 0
CoI Iembo Ia Ia rv • · · 0 · · · · · · · · · · · 0
Copepoda - egg mass 0 · 0 2 · 1 0 · · · · · · · · 1
Copepoda - naupl Ius · · 0 · · · · · · · · · · 0
Copepoda - Calanolda 45 · 14 58 · 22 15 14 24 11 8 6 8 12 12 39 13
Copepoda - Cyclopolda 143 · 61 108 · 148 58 52 611 133 886 309 215 169 555 104 380

. (J'I Copepodlds 1 · 1 2 · · · 0 · · · · · · 1 0
-.....J Cumacea · · · 0 0· · · · · · · · · · ·Dipt.-bltlng midge larv. 0 · 0 · · · · · · · · · · · · 0

Dlpt.-chlronlmld pup. 0 · 0 0 · 0 0 · · · · · 6 · 0 2
Dipt.-chlronomld adult · · 0 0 · 0 · · · 0 · · 1 · · 0 0
Dipt. -ch t ronomld larv. 2 · 1 2 · 0 0 · · 0 · · 14 1 2 3
Dipt.-mayfly nymphs · · 0 0 · · · 0 1 1 39 · · · ,.0 0 8
Dlpt.-phantom midge larv. 2 · 1 2 · 1 0 · 8 7 6 1 1 0 4 1 3
Dipt.-phantom midge pup. a · a a · · · · 0 0 · · · · · 0 0
Dipter8 · · · · · · · 1 · · · · 0 · · 1
Helliptera - Corlxldae · · · · · 0 0 · · · · · · · · . 0
Hydra 0 · 0 · · · 0 · · · · · · · · 0 0
Isopoda · · 0 · · · 0 0 0 1 1 1 1 · 1 0 1
Hellatoda · · · · · · · · · · · · 0 · 0
Odonata 0 · · · · · · · · · · · · · · 0
01 Igo.- Aeolosoma a · · 0 · · 0 · · · · · · 0 · 0 0
01 igo. - Stylaria 2 · 2 1 · 0 0 · · · · · · · · 2 0
Ostracoda 9 · 3 5 · 1 2 1 1 0 2 1 1 1 1 5 1
Rotifer - colonial a · 0 · · · a · · · · · · · · 0 0
Rotifer - single 4 · 1 4 0 1 1 0 · · · 0 · 3 0
Thysanoptera (thrip) · · · 0 · · · · · · · · · 0
Unidentified 0 · 1 0 · · · · · 0 · · · · 0 0

Total density (/113) 489 · 199 442 · 211 118 180 911 934 1128 460 338 350 737 377 555
Avg. vol. sampled (m3) 24 · 23 24 · 25 25 23 27 25 24 24 23 24 25 24 24
(n) Dates sampled 14 · 18 13 · 1 6 6 6 6 6 5 6 7 1 45 62



Table A-9. Average density (number/m') of zooplankton taxa, by station, in the lower Roanoke River (Stations 1-12), North
Carolina, for 1991. Period (P) N=night samples.

YEAR=91 PERIOD=N S TAT ION

TAXONOMIC GROUP 1 2 3 4 5 6 7 8 9 10 11 12 AVE.

Amphlpoda - gamma rid egg · · · · · · · · · · 0 · 0
Amphlpoda - Gammarldae 0 0 1 1 1 1 1 1 3 1 6 3 2
Arachnida 0 1 1 1 1 0 0 1 1 1 1 1 1
Bivalvia 1 · · · · 0 · · · · · · 0
Biva Iv la - la rv . 0 1 2 · · 0 0 1 1 1 · · 1
Caddlsfly larv. 1 0 0 0 0 0 · 0 0 0 0 0 0
Clad. - Bosmina 2 6 4 2 3 6 4 27 58 33 13 4 13
Clad.- Daphnia 4 16 12 12 14 18 17 40 64 55 27 12 24
Clad.- Leptodora · · · · · · 0 · · · · 0 0
Cladocera - other 3 3 13 14 15 15 19 42 55 43 19 12 21
Cladocera - unid. egg 0 · · 0 0 · 0 3 16 10 1 0 3
Cladocera - un ld , jUv. 0 0 0 0 1 2 1 6 6 5 2 1 2
Coleopt.-Dytlscldae larv. · · · · · · · · · 0 · · 0
Co leoptera · · · 0 · · · · · · · · 0
Coleoptera - Elmldae · 0 · · · · 0 · · · · · 0
Co11embola Ia..rv. 1 · · 0 0 · · · · · · · 0
Copepoda - egg mass · · · 0 · 0 0 5 0 0 7 · 2
Copepoda - naupllus · · · · · · · 1 · 0 · · 1

01 Copepoda - Calanoida 5 3 5 7 6 5 2 47 6 2 75 3 14
OJ Copepoda - Cyclopolda 11 16 28 37 54 40 24 147 86 93 97 23 55

Copepoda - Harpactlcolda · · · · · · · · 0 0 · · 0
Copepodids · · 0 0 · 0 1 1 1 1 1 0 1
Dipt.-biting midge larv. 0 · · · · · · · 0 · 0 · 0
Dipt.-bitlng midge pup. · · · 0 · · · · · · · · 0
Dipt.-chlronimid pup. · 0 · · 0 · 0 0 · 0 0 0
Dipt.-chlronomid adUlt · · · · · · · 0 0 · 0 · 0
Dipt.-chlronomld larv. 2 1 1 3 3 1 0 1 2 1 3 1 1
Dipt.-mayfly nymphs 0 · 0 0 0 0 · 0 0 · · · 0
Dipt.-mosquito larv. · · · · · · 0 0 · 0 · · 0
Dlpt.-phantom midge larv. 0 0 0 0 0 · 11 1 0 5 1 2
Dipt.-phantom midge pup. · · · · · · 0 1 0 · 2 0 1
Dlptera 0 · 0 0 · 0 · 0 0 0 0 · 0
Hemiptera 0 0 0 0 0 0 · · · · 0 0
Hemiptera - Corlxidae · · 0 · · · 0 · · · · · 0
Hydra 9 9 4 1 1 1 1 0 1 1 0 0 2
Hymenoptera - ant · · · · 0 · · · · · 0
Hymenoptera- diving wasp · · · · · · 0 · · · 0
Hegalopt. -alderfly la rv , 0 · · · · · · · · · · · 0
Nematoda · 0 · · · · · · 0 · · 0
Odonat8 · · · · · · · · 0 · · · 0
01 igo.- Aeolosoma 1 1 1 · 0 0 1 0 1 3 · 1
01 igo. - Dero 0 · 0 0 1 · 0 · · · 0 0 0
Oligo. - Stylarla 1 0 1 0 0 1 0 1 1 1 3 1 1
Ostracoda 3 3 4 6 5 5 3 38 5 2 33 3 9
Rotifer - colonial 0 1 1 1 1 1 1 9 3 2 5 0 2
Rotlfer - single 3 2 0 0 0 0 110 79 5 2 217 2 40
Tard igrada · · · · · 0 · · · 0
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Table A-9. Continued.

YEAR=91 PERIOD=N S TAT ION

TAXONOMIC GROUP 1 2 3 4 5 6 7 8 9 10 11 12 AVE.

Thysanoptera (thrlp) 0 0 1 0 1 0 · 0 0 · 0
Tubella ria . . 0 . . · . . . . · 0
Unidentified 1 0 1 1 0 0 · 0 0 0 0 · 0

Total density (1m3) 49 65 79 88 109 98 185 462 316 257 576 67 196
Avg. volume sampled (m3) 30 30 31 30 29 43 42 40 40 40 41 45 37
(n) Dates sampled 9 9 9 9 9 11 11 17 17 17 11 11 140



Table A-tO. Aver.age density (number/rn'') of zooplankton taxa, by station, in Batchelor Bay (Stations 13-16) and western Albemarle Sound
(Stations 17-32), North Carolina, for 1991. Period (P) N=night samples.

YEAR=91 PERIOO=N S TAT ION

TAXONOMIC GROUP 13 14 15 16 17 18 20 21 22 23 24 26 28 31 32 AVEl AVE2

Amphlpoda - gamma rid egg 0 · · 0 · · · · · · · · · · · 0
AMphlpoda - Gammarldae 7 · 7 1 · 1 1 3 1 1 · 0 1 5 2 5 2
Arachnida 1 · 1 0 · 0 1 1 0 1 0 0 0 1 0 1 1
Bivalvia · · · · · 1 0 · 0 · · · · · 0 · 0
BIva Iv la - Ia rv • 1 · 0 · · · · · · · · · 0 · · 0 0
Caddlsfly larv, 0 · 0 0 · · · · · · · · · · · 0
Clad.- Bosmlna 44 · 15 51 · 24 3 12 8 13 10 22 4 2 6 37 10
Clad. - Daphnia 20 · 23 24 · 10 9 6 0 0 0 3 0 5 1 22 4
Clad. - leptodora 0 · 1 0 · 4 2 9 27 22 26 20 7 4 22 0 14
Cladocera - other 27 · 18 15 · 21 8 45 32 42 34 43 67 23 41 20 36
Cladocera - unld. egg 1 · 2 4 · 1 · 0 · · · · · · · 2 0
Cladocera - unld. Juv. 1 · 2 3 · 1 1 0 0 0 1 1 0 0 0 2 0
Coleoptera · · 0 · · · · · · · · · · · · 0
Copepoda - egg mass 4 · 0 0 · 0 0 · 0 0 1 · 0 · 0 1 0
Copepoda - naupllus · · 0 · · · · · · · · · · 0
Copepoda - ArgulUS sp. · · · · · 0 · · · · · · · · 0
Copepoda - Calanolda 31 · 12 20 · 4 5 18 22 7 14 15 1 15 7 21 11
Copepoda - Cyclopolda 89 · 48 59 · 405 272 224 505 625 648 352 470 279 183 65 396

0\ Copepoda - Harpactlcolda 0 · · · · 0 · · · · · · · · 0 0
0 Copepodlds 1 · 0 0 · 1 0 0 0 0 · · 0 · 0 0 0

Dlpt.-bltlng midge larY. 0 0 · · 0 0 · · · · · · 0 · 0 0
Dipt.-chironlmld pup. 0 · 0 · · 1 · 0 · · 0 · 1 0 · 0 0
Dipt.-chlronomld adUlt 0 · 0 · · 0 · · · · · · · 0 0 a
Dipt. -chi ronomld tarv, 1 · 1 2 · 1 a · · 0 1 0 a a · 1 a
Dipt.-mayfly nymphs · 0 a · · · · · · · · a · · a a
Dipt.-phantom midge larY. 2 · 0 1 · 1 a 3 7 6 5 5 2 1 8 1 4
Dlpt.-phantom midge pup. a · · · · · a · · · · 0 0 · 5 0 1
Dlptera · · 0 a · · 1 · · · a a · · 0 a
Hymenoptera - ant · · · · · · · · · · · · · 0 · · 0
Hymenoptera- diving yasp · · · · · 0 · · · · · · · · · 0
Isopoda · · · 0 · · 0 a 1 0 a · 0 0 0 0
Mysldacea - Mysis shrimp · · · · · 0 · 0 · · · · a · · · 0
Nematoda · · · 0 · · · · · 0 0 · · · a 0
Odonata · · 0 · · · · · · · · · · · 0
01 Igo.- Aeolosoma 1 · a 0 · · · · · · · · · · · a
Oligo. - Stylarla 1 · 1 0 · · 0 · · · · · · · · 1 a
Ostracoda 1a · 4 5 · 0 0 0 0 1 1 1 a 1 2 6 1
Rotlfer - colonial 2 · 3 2 · 2 · · · · · · 2 2
Rotlfer - single 13 · 9 29 · 3 1 7 1 0 1 1 0 1 2 17 2
Spongiliafiyadult 0 · · · · · · · · · · · · · a
Thysanoptera (thrlp) · · 0 · · · · · · · a · a 0
Tube Ilaria 0 · · · · · · · · · 0
Unidentified 0 · 0 0 · 0 · · · · 0 · 0 · · 0 0

Total density (1m3) 258 · 147 218 · 479 306 329 604 722 742 463 557 338 279 208 482
Avg. vol. sampled (m3) 40 · 40 40 · 40 40 40 40 42 39 39 40 41 41 40 40
(n) Dates sampled 15 22 15 · 12 7 7 5 5 5 5 5 6 6 52 63



Table A-II. Density (number/IOO rrr') of striped bass larvae in the lower Roanoke River (Stations 1-12), North
Carolina, 1990-1991. Period (P) Nenight samples.

S TAT ION

DATE P 1 2 3 4 5 6 1 8 9 10 11 12 AVE.

04/18/90 N · · · · · · · 0 0 0 · · 0
04/27/90 N · · · · · · · 0 0 2 · · 1
05/01/90 N 2 1 0 · · · · . . 1 2 0 1
05/04/90 N 10 4 0 6 2 0 1 1 3 1 0 4 3
05/01/90 N 29 1 1 1 1 2 3 0 0 2 4 0 4
05/11/90 N 162 24 6 26 4 16 5 2 29 0 54 1 21
05/13/90 N 0 14 1 59 6 41 141 3 74 11 1 14 31
05/15/90 N 0 2 8 6 1 1 4 0 22 0 6 0 4
05/18/90 N 0 3 6 5 0 8 2 0 10 4 53 2 8
OS/21/90 N 0 0 1 3 1 4 1 2 17 0 9 19 5
OS/24/90 N 8 10 6 8 1 144 96 0 18 11 15 5 31
OS/21/90 N 0 6 0 4 0 6 2 0 1 0 2 0 2
05/30/90 N · · · · 0 0 1 0 0 0 0 0 0
06/02/90 N · · · · · 0 0 0 0 0 0 0 0
06/04/90 N · · · · · 4 0 0 0 0 0 1 1
06/06/90 N · · · · · 0 0 0 0 0 0 0 0

Ave.Denslty 21 1 3 14 2 17 20 1 16 6 11 3 10
Ave.Volul1l8 41 45 44 48 48 41 42 43 43 42 43 44 44

0\ n (e"o rts ) 10 10 10 9 10 13 13 15 15 16 14 14 149......

04/24/91 N · · · · · · · 1 0 0 · · 0
05/02/91 N · · · · · 0 0 0 0 0 0 1 005/01/91 N 0 4 0 0 0 4 0 0 1 0 0 0 105/10/91 N 212 54 11 20 9 16 3 0 4 1 0 2 2805/13/91 N 250 52 8 31 13 17 1 2 21 3 16 6 35.-05/16/91 N 148 253 101 120 31 31 22 11 82 29 43 93 8105/18/91 N 21 34 64 87 201 630 48 39 120 118 26 136 127OS/20/91 N 59 35 24 72 0 93 6 22 413 5 86 3 73OS/22/91 N 25 13 12 105 64 335 80 20 151 41 69 49 80OS/24/91 N 15 9 1 26 11 14 2 18 57 5 15 5 15OS/26/91 N 19 9 1 15 1 35 11 5 18 12 29 8 15
05/30/91 N · · · · 158 49 7 74 45 18 58 59

Ave.Denslty 83 52 26 53 37 121 21 11 84 22 27 33 47Ave.Volume 46 47 44 45 47 41 46 930 46 47 49 46 120n (efforts) 9 9 9 9 9 11 11 12 12 12 11 11 125



Table A-12. Density (numberllOO m'') of striped bass larvae in Batchelor Bay (Stations 13-16) and western Albemarle Sound
(Stations 17-32), North Carolina, 1990-1991. Period (P) N=night samples.

S TAT ION

DATE P 13 14 15 16 17 18 20 21 22 23 24 26 28 31 32 AVE1 AVE2

04/25/90 N 2 · 0 1 · 0 · · · · · · · · · 1 0
05/01/90 N 7 · 2 4 · · · · · · · · · · 4
05/04/90 N 4 · 1 1 · · · · · · · · · · · 2
05/07/90 N 10 · 10 8 · · · · · · · · 9
05/11/90 N 23 · 0 0 · · · · · · · · · · · 8
05/13/90 N 5 · 9 11 · · · · · · · · · · · 8
05/15/90 N 0 · 3 3 · · · · · · · · · · · 2
05/18/90 N 12 · 2 2 · · · · · · · · · · · 6
OS/23/90 N · · 2 · · 0 0 0 0 0 0 0 0 6 0 2
OS/24/90 N 7 · 0 1 · · · · · · · · · · · 3 ·OS/26/90 N · · 0 · · 2 4 8 · · · · 1 · · 0 4
OS/27/90 N · · 3 · · · · · · · · · · · · 3 ·OS/29/90 N · · · · · · · 1 0 · · · 5 1 · 2
05/30/90 N 1 · 2 0 · · · · · · · · · · · 1
06/02/90 N 0 · 0 0 · · · · · · · · · · · 0
06/06/90 N .- 0 · 0 0 · · · · · · · · · · · 0
06/08/90 N · · · · · · · · · · · · · 0 0 · 0
06/10/90 N · · 0 · 0 0 0 0 0 0 0 0 0 0 0 0

O"l 06/13/90 N · · 0 · · 0 0 0 0 0 0 0 0 0 0 0 0N
06/15/90 N 0 1 1· · · · · · · · · · · · · ·06/17/90 N · · 0 · · 0 0 0 0 0 0 0 0 · 0 0 0

Ave.Denslty 6 · 2 3 · 0 1 2 0 0 0 0 0 2 0 4 1
Ave.VoluH 46 · 48 48 · 48 48 49 46 46 46 46 47 46 46 47 47
n (efforts) 12 0 18 12 0 6 5 5 5 6 5 4 5 5 6 42 52

04/17/91 N 0 · 0 0 · 0 · · · · · · · · · 0 004/30/91 N 0 · 0 0 · 0 · · · · · · · · · 0 005/02/91 N 0 · 0 0 · · · · · · · · · · 0·05/07/91 N 1 · 0 0 · · · · · · · · · · 0·05/10/91 N 0 · 0 2 · · · · · · · · · · · 105/13/91 N 22 · 6 41 · · · · · · · · · · · 2305/16/91 N 30 · 69 14 · · · · · · · · · · · 38OS/20/91 N 615 · 9 306 · · · · · · · · · · · 330OS/21/91 N · · 68 · · 7 33 21 18 1 35 0 0 2 0 68 12OS/22/91 N 101 · 11 8 · · · · · · · · · · · 40OS/23/91 N · · 0 · · 0 1 2 4 00 1 7 1 2 11 0 3OS/24/91 N 11 · 2 12 · · · · · · · · · · 10OS/25/91 N · · 5 · · 0 44 1 0 0 0 0 0 0 1 5 5OS/26/91 N 0 5 2 · · · · · · · · · · 2OS/28/91 N · · 0 · · 1 0 3 0 0 0 0 0 5 2 005/30/91 N 1 · 3 0 · · · · · · · · · · 106/01/91 N · ·· · 0 · · 1 22 0 · · · · · 0 0 0 506/03/91 N · · 1 · · 0 9 3 · · · · · · 1 406/05/91 N · · 0 0 0 1 0 0 · · 0
Ave. Dens I ty 11 · 10 32 · 1 18 5 4 0 7 2 0 2 3 38 4Ave.Volume 55 · 47 48 · 46 45 42 45 46 46 46 45 46 45 50 45n (efforts) 12 0 18 12 0 8 6 6 5 5 5 5 5 6 5 42 56
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