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Introduction 

Ecologica l Survey - Upper J ames River 

Surry Nuc l ear Power Station Site 

July 1973 

Virginia Institute of Marine Science 
Glouceste r Point, Virginia 

by 

M. E. Bentler 
M. Hedgepeth 
M. Cavell 
R. Jordan 
E. Tennyson 

Beginning in Hay of 1969 fie l d survc~ys have been conducted 

in the Hog Island area of th e J &~es ~ive r to c~aracterize the 

biota of t he region. The obj ective of thes e surveys has been 

to determine any significant changes in the biota related to the 

operation of the nuc l ear powe r station . Although during the 

l_J eriod of study, methods and stations h£.ve been ·changed to adj us c. 
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the study to changing regu l ations, its basic character has r enrained. 

Communities surveyed have inch1.ded bcnthos, epibenthos, zoo- at1d 

phytoplankton, fish, and fouling organisms .. I n additiDn, special 

studies of thermal tolerance have b e.en conducted on oyste~s and 

Rangia clams. During this study period an additional aspect was 

added when entrainment studies to determine zooplankton mortality 

when entrapped in the the1.'1Ilc1l plurr,e were initiated. 
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This report presents a summary of the data collected from 

January through June of -1973 and some comparisons between previous 

conditions are present e d. However, it should be stressed that 

.c l i matic conditions seem to be responsible for many changes noticed 

and hence conclus ions related to plant operation are generally not 

possible. 

Methods 

All station locations and samp ling methods have been descri bed 

in previous r eports with the excep tion of the e ntrainment s tudies . 

Figure 1 shows the loca tion of the transects utilized in the 

ent rai~~1ent study. During this study conducted in J une, dye was 

introduced into the outfall and at intervals after release plankton 

tows ·Nere made within the plume marked by t he dye. The s amples 

collected were then sta i ned with a vital stain to differentiate 

between living and dead organi sms. The staining t echnique h as 

been described by Dressel (1972) in the pre - operationa l report. 

Results and Discuss i on 

To ta] counts and dominant phytoplankton s~ecies collected 

during the months ~f January, February, March, April, May and 

June are shown in t ables 1-6 . Plankton b iomass increas ed during 

the study per iod from apprcximate ly 200 c e lls/ml during January 

to 5300 c ells / ml during June . A corresponding increase is reflected 

in chlor ophyl l 11a 11 values shown in Table 7 where the mean level 

rose from 2.6 ug/ 1 in January to L: . • 9 ug/1 in June . 
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As can be seen from the data presented, neither the dominant 

species nor the nwnbers present show any relationship t o the plant 

discharge. During the winter season the plankton were dominated 

by Skeletonema costatum, Asterionel l a f ormosa, Melosira sp ., 

Ankistrodesmus sp . and Nitzschia sp .; while in spring popu l a tions 

Cyclote lla sp., Melosira sp., Nitzschia, Kutzingiana , and flagellates 

were dominant . 

Zoop l ankton collected from each of seven stations during 

the months ?f J anuary through June are t abulat ed in tables 8 - 13. 

Average densities per tow r anged from approximately 4., 000 ·in 

J anuary to about 50,000 in June . Although these increases show 

general agreement with increases in _ phytoplankton biomass, t he 

greater quantity of zooplankton appears to exceed the available 

fo od from this source. 

Over the period of study the s~ations ranked as follows , 

based on numbers of organ isms from low dens i t y to. high: James town 

Island, Deepwat er Shoals, Hog Point South, Cobham Bay , Intake, 

Cobham Bay South and Cobham Bay North. The station located 

neares t the outfall (CBS ) ranked second during t he study pe riod 

while the station off Jamestown Island (CBN) showed the h ighest 

populations. No corre l ations between thermal regime and 

population l evels were revealed by corre lation anal ysis. 

Collections of benthos ·made during the study period are 

tabulated in Tables 14 , 15 and 16 , while divers i ty calculations 

bas ed on these collections a r e shown in Tab l e 17. Considering 
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the yearly changes from the 1972 .to 1973 collections, diversity 

increased at 11 stations in the winter, 9 stations in the spring 

and 12 stations in June. Biomass, however, showed a drastic 

decline during the same sampling pe!iods with the collections 

in February of 1973 showing the lowest levels. Without doubt 

the increased freshwater~inflow which the river has been experi-

encing during the last year is responsible for these changes. 

At those stations closest to the outfall, 4, 5, 8, 9 and 10, 

diversity increased at four of th~ stations between 1972 and 1973. 

~ When comparing the winter and-spring collections of 1971 and 1973 

·at these same stations, diversity decreased at four of the stations 

during the wi~ter and increased at four during June. Dominant 

organisms in tenns of numbers and benthic biomass are the brackish 

water clam, Rangia cuneata, Scolecolepides viridis, Corophium 

lacustre and Macoma balthica. These species have been the 

·dominant organisms in thj_s region since the study"was initiated. 

Fouling-organisms collected on plates during the study 

period are shown in Table 18. Generally fewer species were 

collected when compared to the 1972 study; however, July and 

August ·are the most critical months for this group and better 

comparisons can be made once that data are available. 

The results of the entrainment study are shown in Table 19, 

and the stations indicated are shown in Figure 1. Data have been 

normalized to the quantity of water passing through the plankton 

net on each transect. AJ.~hough this was our first attempt at 
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such an investigation, we feel that the staining technique worked 

very well and with further refinement, i.e. replication, the 

effects of entrainment should be adequately evaluated by the 

method. 

The temperatures observed along the transects are shown below: 

Intake 
Outfall 
El 
E2 
E3 

27o0 
32.4 
30.5 
29.0 
28.0 

At the outfall a significant percentage of the major 

/8'1'\, zooplankters failed to take up the stain indicating that they 

were dead. Most severely affected were amphipods, Acartia, and 

cyclopoid copepods. Along transect·El there appeared to be 

signifi~ant recovery of amphipods, Acartia and copepod naupli; 

however, fromthe decrease in numbers of these individuals it is 

believed that the dead organisms settled to the bottom and hence 

the increase in survival. Only the cyclopoid copepods showed 

increases in numbers and mortality. Survivals along the other 

,~ transects within the plume were similar to the control. 

The discharge structure appears to act as breeding grounds 

for the amphipods since they are only found in samples at the 

outfall and directly outside. 
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Station 

DWS 

Intake - River 

Intake - CanaJ. · 

H.PS 

Discharge - Ri~e;· (CBS) 

Discharge - Canal -

CBN 

Cobham Bay 

J.r. 

Table· 1 
James River Phytoplankton 

January 1973 

:TotaJ.. Cells/ml 
I 
I 
I 

,. 
:. 

I 

1 ... 

200 

300 

4oo 

200 

100 · 

50 

300 

200 

200 

Dominant Organisms 

2-8µ fJ.ageJJ.ates 
Skeletonema costatum 
Melosira sp~ 

2-10µ flagellates 
Sk.eletonema costatum 
Melosira sp. 

5-8µ flagellates 
Melosira sp. 
Skeletonema costatum. 
Asterionella formosa 

5-8µ flagellates 
Melosira sp. 
Skeletona~a costatum 
Asterionella formosa 

5-10µ flagellates 
.Al:lkistrodesmus sp. 
Melosira sp. 
Asterionella formosa 

Ankistrodesmus sp. 
-Melosira· spp. 
Skeletone:ma costatum 

2-8µ flagellates 
Melosira spp • 
Ankistrodesmus sp. :: 
Skel.etonema costatum 

2-10µ flagellates 
Melosira spp. 
Asterionella formosa. 

5-10µ flagellates 
Melosira spp. 
Asterionella fonnosa 



Station 

DWS 

Intake - River 

Intake - Canal 

~ HPS 

' , .•· 
Discharge - River· (CBS) 

Discharge -. Canal 

~ CBN 

·cobham Bay 

J.I. 

. . •.. 
........... 

Table 2 
'James River Phytoplankton 

February 1973 

TotaJ. ·cells/ml 

900 

900 

14oo 

400 

300 

Boo 

500 

,•, . 

900 

Dominant Organisms 

2-5µ.flagellates 
Asterionella formosa 

3-10µ flagellates 
Skeletonema costatum 
Ank.istrodesmus sp. 
Nitzschia spp. 

Skeletonema costatum 
Asterionella formosa 
Melosi'ra sp. 
Nitzschia spp. 

Skeletonema costatum 
Asterionella formosa 
Melosira spp. 
Nit·zschia spp. 

4-8µ flagellates 
Ankistrodesmus sp. 
Asterionella formosa 
Nitzschia spp. , 

5µ flagellates 
Skeletonema costatum 
Ankistrodesmus sp. 
Nitzschia spp. 

5-8µ ~lagellates 
Ankistrodesmus sp. 
Melosira spp. 
AsterioneJJ.a formosa 
Nitzschia spp. 

3-8µ flagellates 
Asterionella foimosa 
Melosira sp. 
Nitzschia spp. 

2-8µ flagellates 
AsterioneJJ.a formosa 
Melosira spp. 
Nitzschia spp • 



Station 

DWS 

Intake - River 

· Intake - Canal 

HPS 
.t-\. 

·Discharge - River (CBS) 

Discharge - Canal · 

---....... . ---- . 

CBN 

,· 
Cobham Bay 

J.I. 

Tab1e·3 
Jame~ River Phytoplankton 

March 1973 

TotaJ .. cells/m.l 

200 

lK>o 

300 

300 

6oo 

500 

500 

- >roo 

6oo 

Dominant Organisms 

3-8µ flagellates 
Nitzschia spp. 
Asterionella formosa 

5-8µ flagellates 
Nitzschia spp. 
Asterionella formosa 

8µ flagellate 
Nitzschia spp. 
Asterionella formosa 

2-8µ flagellates 
Nitzschia spp. 
Asterionella formosa 

5µ flagellates 
Nitzschia spp. 
Asterionella formosa 

8µ flagellate 
Nitzschia spp. 
Asterionella formosa 

3-5µ flagellates 
Nitzschia spp. 
Asterionella formosa 

5-8µ flagellates 
Nitzschia spp. ~ 
Asterionella formosa 

2-8µ flagellates 
Nitzschia spp. 
Asterionella formosa 



Station 

DWS 

Intake - River 

Intake - Canal 

BPS 

Discharge - River (CBS) 

Discharge - Canal 

CBN 

~-

Cobham Bay 

J.r. 

Table 4 
J~es River Phytoplankton 

Apr_il 1973 

Total Cells/ml· 

700 

3700 

2800. 

1500 

1700 

3000 

1100 

14oo 

Boo 

Dominant Organisms 

Nitzschia Kutzingiana 
Melosira sp. 
Cyclotella sp. 
3-5µ flagellates 

Nitzschia Kiltzingiana 
Melosira sp. 
Cyclotella sp. 
3-8µ flagellates 

Melosira sp. 
Cyclotella sp. 
Nitzschia Kiitzingiana 

Nitzschia Kutzingiana 
Melosira sp. 
3-8µ flagellates 

Nitzschia Ktltzingiana 
Melosira sp. 
4-8µ flagellates 

Melosira sp. 
Cyclotella sp. 
Nitzscbia Kiitzingiana 

Nitzschia Kiitzingiana 
Melosira sp. 
3-ioµ flagellates 

Nitzschia Kutzingiana 
Cyclotella sp. 
3-8µ flagellates 
Ml;:!losira spp. 
Asterionella formosa 

Cyclotella sp. . 
Nitzschia Kutzingiana 
3-5µ flagellates 
Melosira spp. 
Asterionella formosa 



Station 

DWS 

Intake - River 

Intake - Canal 

HPS 

;, 
.. •· 

Discharge ·- Rive1~ (CBS) 

Discharge-Canal 

CBN 

Cobham Bay 

J.I. 

Table 5 
James River Phytoplankton 

May 1973 

· Total Cells/ml 

6300 

5200 

3200 

3500 

1800 

3700 

2300 

5200 

56{)0 

Dominant Organisms 

Cyclotella sp. 
Melosira sp. 
Nitzschia KU.tzingiana 
5-15µ flagellates 

Cyclotella sp. 
Nitzschia Kutzingiana 
Melosira sp. 
5-10µ flagellates 

Melosira sp. 
Nitzschia Kutzingiana 
Cyclotella sp. 

Cyclotella sp. 
Nitzschia Kutzingiana 
Melosira sp. 
Glenodinium sp. 
2-8µ flagellates 

Cyclotella sp. 
Nitzschia Kiitz:i.ngiana 
2-10µ flagellates 
MeJ.osira s·p. 

Melcsira sp. 
Nitzschia Kutzingiana 
pyclotella sp. 

Nitzschia Kutzingiana 
Cyclotella sp. • 
Melosira sp. 
2-15µ flagellates 

Melosira spp. 
Cyclotella sp. 
Nitzschia Kiltzingiana 
2-8µ flagellates 

Melosira spp. 
Cyclotella sp. 
Cryptamonas spp. 
Chroomonas sp. 



·station 

DWS 

Intake - River 

Intake - Canal 

HPS 

" ,,( .. 

Discharge River (CBS) 

Discharge Canal 

CBN 

Cobham Bay 

J .I. 

Table 6 
James River Phytoplankton 

June 1973 

. Total Cells/ml 

7300 

4200 

3800 

3000 

7500 

54oo 

Dominant Organisms 

Melosira sp. 
Cyclotella sp. 
Nitzschia Kutzingiana 
5-10µ flagellates 

Cyclotella sp. 
Nitzschia Kutzingiana 
5-10µ flagell:ates 
Melosira sp. 

Melosira sp. 
2-10µ flagellates 
Cyclotella sp. 
Nitzschia Kutzingiana 

Cyclotella sp. 
Nitzschia Kutzingiana 
5-15µ flagellates 
Melosira sp. 

Ni~zschia I(tltzingiana 
Cyclotella sp. 
Melosira sp. 
2-15µ flagellates 

Cyclotella sp. 
Melosira sp. 
Nitzschia ·Kutzingiana 
2-10µ flagellates 

Cryptomonas sp. 
Melosira sp. 
Chroomonas sp. 
Cyclotella sp. 

' . 

-· 



Table 7 
Surface Chlorophyll a Levels in µg/l 

Station Jan. I11eb. Mar·. Apr. May Jun. 

Tower DWS 2.4 2.4 2.6 2.7 5.0 6.1 
Intake 2.6 3.4 3.2 5.9 4.8 6.4 
Tower HPS 2.6 2.2 2.8 l~.3 4.2 5.2 
Tower CBS 2.4 ~ 3.0 2.8 3.7 3.8 4.9 
Cobham Bay 2.6 2.6 -· 2.8 4.1 5.3 4.3 
T o-vrer J. I. 2.5 2.6 3.0 3.0 3.9 3.7 
Tower CBN 2.6 2.4 3.0 3.0 4.l 4.3 

~ 



Table 8. 

James River Plankton - January 1973 

DWS 

Organism Number Total 

Copepod nauplius 120 (x32) 3840 
Acartia sp. copepodid 9 288 
Eurytemora sp. 8 256 
Cyclopoid copepod 4 128 
Harpacticoid copepod 2 64 
Rotifer .15 480 
Polychaete larva 3 196 
Total 161 5152 
Intake Canal 

Copepod nauplius 94 (x32) 3008 
Acartia sp. copepodid 12 384 

~ Acartia tonsa adult 1 32 
Cyclopoid copepod 19 608 
Harpacticoid copepod 3 196 
Rotifer 10 320 
·Total 139 4448 

., .. 
HPS 

Copepod nauplius 62 (x32) 1984 
Acartia sp. copepodid 3 9·5 
Acartia tonsa adult 2 61+ 
Cyclopoid copepod 15 480 
Bosmina sp. 1 32 
Rotifer 9 288 
Polychae:te larva 2 64 
Total · 94 3008 .. 

: 

CBN 

Copepod nauplius 143 (x32) 4576 
Acartia sp. copepodid 21 672 
Acartia tonsa adult 3 · 96 
Cyclopoid copepod 13 416 
Cladocera (unid.) 3 . 96 
Rotifer lff . ·320 
Polychaete larva 4 128 
Total 197 ·6304 



Table 8. 

Jrunes River Plankton - January 1973 -2- .· 

CBS 

Organism Number Total 

Copepod nauplius 149 (x32) 4768 
Acartia sp. copepodid 6 192 
Eur1temora. sp. .12 384 
Cyc opoid copepod 5 160 
Da:ehnia sp. 3 96 
Total 175 5600 

Co.bham Bay 

Copepod nauplius 78 (x32) 2496 
Acartia sp. copepodid 2 64 
Cycl6poid copepod 11 352 
Rotifer 17 544 
Total 108 3456 
Jamestown Island· 

Copepod nauplius 52 (x32) 1664 
Eur1temora· sp. 3 96 
Cyc opoid copepod 12 384 
Bosmina sp .. .3 96 
·Rotifer ·~1.9 608 
.Polychaete larva 4 . 126 
Total 93 2976 

-· 



Table 9. 

James River Plankton - February 1973 

Deee Water Shoals 

Organism Number Total 

Copepod nauplius 54 (x32) 1728 
Acartia copepodids .10 320 
Acartia tonsa adults 1 32 
Cyclopoid copepodids 5 160 
Euc;;cloes sp. adult 2 64 
Rotifer 14 448 
Polydora -sp. larva 1 32 
Annelid larva (unid.) 2 "64 
Total 89 2848 

CBS Tower 
~ 

Organism Number (x32.) Total 

Copepod nauplius 108 3456 
Acartia copepodid 4 128 
Acartia tonsa adult 1 32 
Cyclopoid copepodids 15 480 

. _Eucycloes sp. 4 128 
Harpacticoid 1 32 
Cyclo1:s sp. 2 64 
Daehnia sp. · 1 32 
Bosmina sp. 1 32 
Total 137 4384 
Intake Canal 

... ,-.... Copepod nauplius 131 (x3_2) 4192 
Acartia copepodid 28 896 
Acartia tonsa adult 1 32 
Cyclopoid copepodid 15 480 
Eucyc lol?s sp. 2 64 

·-· .. Harpacticoid 2 64 ·-- Rotifer 8 256 
Bosmina sp. 1 32 
Total 188 6016 

......... 



Table 9. 

James River Plankton.- February 1973· 

Hog Point South 

Organism· 
Copepod nauplius 
Acartia copepodid 
Acartia tonsa 
A. clausii 
Cyclopoid copepodid 
Eucyclops sp. 
Barnacle nauplius 
Rotifer 
Total 

Cobham Bay 

Cyclopoid copepodid 
Eucyclops sp. 
Total 

Jamestown Island 

Eucyclops sp. 
Cyclopoid copepod (unid.) 
Annelid larva (unid.) 
Total 

-- .... _. 

Number 
229 

8 
3 
1 

26 
2 
2 
7 

278 

6 
2 
8 

3 
1 
1 
5 

(x32) 

(x32") 

(x32) 

Total 
7328 

256 
96 
32 

832. 
64 
64 

224 
8896 

192 
64 

256 

96 
32 
32 

160 

" 

-2-
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Table 10. 

James River Plankton - March 1973 

DWS 

Organism Number Total 

Copepod nauplius 71 (x32) 2272 
Acartia sp. copepodid 9 288 
Acartia tonsa adult 2 64 
Rotifer 10 320 
Polychaete larva 2 64 
Total 94 3008 

Intake Canal 

Copepod nauplius 117 (x32) 3744 
Acartia sp. copepodid 36 1152 
Acartia tonsa adult 2 64 

~ Cyclopoid copepod 4 128 
Rotifer 10 320 
Harpacticoid copepod 2 64 
Total 171 5472 

HPS .,,;.,. 

Copepod nauplius 176 (x32) 5632 
Acartia sp. copepodid 29 928 
Acartia tonsa adult 3 9o 
Cyclopoid copepod 9 288 
Barnacle nauplius 3 96 
Rotifer 8 256 
Total 228 7296 . 

-CBN ~ 

Copepod nauplius 199 (x32) 6368 
Acartia sp. copepodid 53 1696 
Acartia tonsa adult 3 96 
Cyclopoid copepod 12 384 
Cladocera (unid.) 4 128 
Bosmina sp. 1 32 
Rotifer 16 512 
Total 288 9216 

..... 



Table 10. 

Jmnes River Plankton - March 1973 -2-

CBS 

Organ'ism Number Total 

Copepod nauplius 115 (x32) 3680 
Acartia sp. copepodid · 29 928 
Acartia tonsa adult 2 6l~ 
Cyclopoid copepod 24 768 
Harpacticoid copepod 2 64 
Padon sp. 1 32 
Rotifer 9 288 
Total 182 5824 

Cobham Bay 

Copepod nauplius 54 (x32) 1728 
Acartia sp. copepodid 6 192 
Acartia tonsa adult 1 32 
Cyclopoid copepod 28 896 
Clodocera (unid.) 6 192 
Rotifer 17 544 
Polychaet.:e larva 3 96 

. Total 115 3b80 

Jamestown Island , 

Copepod nauplius 61 (x32) 1952 
Acartia sp. copepodid 14 448 
Cyclopoid copepod 9 288 
Bosmina sp. 3 96 
Rotifer 8 256 
Total 95 3040 : .. 

~ --.. 
. .. 



Table 11. · 

James River Plankton - Apri°l 1973 

Deee Water Shoals 

Organism Number Total 

Copepod nauplii 105 (x32) 3360 
Acartia sp. copepodid ~2 1984 
Acartia tonsa adult 2 64 
Rotifer 12 384 
Harpacticoid 4 128 
Polychaete larva (unid.) 3 96 
Total 188 5986 

Intake Canal 

Copepod nauplii 93 2976 
Acartia sp. copepodid 72 2404 
Acartia tonsa adult 4 128 
Harpacticoid 8· 256 
Rotifer 9 288 
Polychaete larva _(unid.) 2· 64 
Total 188 5986 

.: ~ 

HPS 

Copepod nauplii 58 (x32) .1856 
. Acartia sp. copepodid 55 1760 

Cyclopoid copepod 11 352 
Harpacticoid copepod 3 96 
Rotifer 3 96 
Fish larva (unid.) 1 32 
Total 131 4192 . 

-~ .. 

.~ CBN . 
Copepod nauplius 845 (x32) 27,040 ... 
Acartia sp. copepodid 472 15,104 
Acartia ·tonsa adult 3 96 
Eurttemora sp. 1 32 -
Cyc opoid copepod 23 736 
Bosmina sp. 2 64 

· Cladocera (unid .. ) 5 160 
Rotifer 21 672 
Polychaete larva 10 320 
Total 1382 -44,224 



·Table 11. . \ 

James. River Plankton Apr~l 1973 -2-

CBS 

Organism Ntut1ber {x322 Total 

Copepod nauplius 224 .7168 
·Acartia sp. cope pod id 115 3680 
Acartia tonsa adult 3 96-
Eurytemora sp. 1 32 
Cyclopoid copepod 34 1088 
Harpacticoid copepod 4 i28 
Bosmina sp. 1 32 
Podon sp. .1 32 
Cladocera (unid.} 'l 32 
Rotifer . 13 416 
Polychaete larva (unid.) 1 32 , 

Total 398 12,736 

Cobham Bay 

Copepod nauplius 337 (x32) 10,784 
Acartia sp. copepodid 7.7 2464 
Acartia tonsa adult 1 32 
Eurytemora·sp. 1 32 
Cyclopoid copepod 14 448 
Harp~cticoid copepod 6 192 
·Barnacle naup lius ·2 64 
Bosmina sp. 6 192 
Cladocera (unid.) 2 64 
Rotifer 18 576 
Polychaete larva 1 32 
Total 465 14,8$0 . 

' Jamestown Island .. 
•, 

~ Copepod nauplius 190 (x32) 6080 
Acartia sp. copepodid 122 3904 . .. 
Acartia tonsa adult 1 32 
Cyclopoid copepod 26 832 

-~· Harpacticoid copepod 3 96 
Bosmina sp. 2 64 
Cladocera (unid.) 4 128 
Rotifer -12 . 384 
Polychaete larva 5 160 
Total 367 11,744 



Table 12. 

Plankton Samples - James River-- VEPCO 
May 24, 1973 

Deep Water.Shoals 

Organism 

Copepod naupiius 
bcartia sp. copepodid 
Acartia tonsa adult 
Cyclopoid copepod 
Barnacle nauplius 
Bosp.1ina s p. 
Padon sp. 
Gastropod larva 
Polychaete larva 
Rotifer 

Total 

Intake Canal 

Copepod nauplius 
Aca.rl:ia sp. copepodid 
Acartia tonsa ·adult 
Cyclopoid copepod 
narn&cle~nauplius 
Barnacle cyprid 
Bosmina sp. 
Gastropod larva 
Polychaete larva 
Rotifer 

Total ,· 

.~ Hog Point South 

Copepod nauplius 
Aca:r.tta tons a adult .. 
EuJ:=:,rts~oras-;. 
}~~it'i:t"ia s p. copepodid 
Cyclopoid copepod 
Harpacticoid copepod 

·_?odon sp. 
Daphnia sp. 
Barnacle nauplius 
Poly<fora sp. larva , 
Polych.:1cte. lc:.rva 
Gastropod larva 
Rotifer 

Total 

Number· 

569 
4 
4 

10 
3 
5 
1 
2 

10 
15.8 

766 

687 
11 

3 
32 

·2 
1 

67 
1 

95 
8 

. 907 

. 531 
2 
7 

34 
21 
18 

1 
1 
2 
4 
7 
6 
1 

635 

(x64) 

(x44) 

(x32) 

Total 

36,416 
256 
256 
6L~O 
192 
320 

64 
128 
640 

10,112 

49,024. 

43,968 
704 
192 

2,048 
·128 

64 
4,288 

64 
6,080 

512 

58,048 

16,992 
64 

224 
1,088 

672 
·576 

32 
32 
64 

128 
224 
192 

32 

20,320 



Table 12 
.:..2-

CBN 

Org_anism Number Total 

Copepod nauplius 166 (x64) 10,624 
Acartia sp. copepodid 37 2,368 
Acartia tonsa adult 6 384 
Cyclo.poid copepod 78 fi., 992 · 
Bo smir~§:. s p . · 45 2,880 
Polychaete larva 2 128 
Rotifer 10 6li.O 

Total 324 20,736 

CBS 

Copepod nauplius 551 (x64) 35,264 
Acartia sp. copepodid 13 832 
Acartia tonsa adult 4 256 
Cyclopoid copepod 31 1,984 

18'\ Bosminc::. sp. 39 2,476 
Podon sp. 1 64 
Cladocera (unid.) 1 64 
Polychaete larva 3 192 
Rotifer 

~~ .. 10 640 

.Total 653 . 41, 792 

Cobham Bay 

Copepod nauplius 996 (x64) 63,744 
Acartia sp. copepodid 22 1,408 
Acartia tonsa adult 1· 64 
Cyclopoid copepod .76 4,864 
Bosmina sp. 34 · 2,176 . .. 

Daphnia sp. 1 64 -· i 
~Cladocera (unid.) 2 128 . 

Polyphemus pediculus 1 64 
Polychaete larva 3 192 
Gastropod larva 3 172 
Rotifer 78 42992 

Total 1,207 77,248 



-~ 

. Table 12. 
·-3-

Jamestown Island 

Organism 

Copepod nauplius 
Acartia tonsa adult 
Cyclopoiclcopepod 
Barnacle nauplius 
Barnacle cyprid 

.Bosmina sp~ 
Cladocera (unid.) 
Gastropod larva 
Polychaete larva 
Rotifer 

Total 

l. ,,i~ . 

Number 

731 
1 

14 
1 
1 

25 
1 
1 
.2 

68 

8l~5 

Total 

(x64.) [i.6, 784 
64 

896 
6Li. 
64 

·1,600 
'64 
6L~ 

12.8 
.Jt.,." 352 

54,080 



Table 13. 
Plankton Sample~ - James River - VEPCO 
June 1973 

Deep Water Shoals 

Organism Number Total 

Copepod nauplius 592 (x64) 37,888 
Acartia Spo copepod 6 384 
Acartia tonsa adult 5 320 
Cyclopoid copepod 12 768 
Barnacle nauplius 4 256 
Bosmina sp·. 7 448 
Podon sp. 2 128 
Gastropod larvae 1 64 
Polychaete larva 2 128 

.~ 
Rotifer 61 3,904 
Total 44,288 

Intake Canal 

Copepod nauplius 715 (x64) 45,760 
Acartia sp. copepodid 19 1,216 
Acartia tonsa adult 21 1,344 
Cyclopoid copepod 61 3,904 
Barnacle nauplius 1 64 

·Bosmina sp. 25 1,600 
Gastropod larva 2 128 
Polychaete larva 101 6., 464 
Rotifer 9 576 
Eurytemora sp. 4 256 
Total 61,312 

. 
.. 
~ 

~ Hog Point South 

Copepod nauplius 299 (x64) 19,136 
Acartia tonsa adult 5 320 
Eurytemora sp. 11 704 
Acartia sp. copepodid 19 1,216 
Cyclopoid copepod 29 1,856 
~arpacticoid copepod 11 704 
Barnacle nauplius· 1 64 
Polydora sp. larva 6 384 
Polychaete larva 90 5,760 
Gastropod larvae 2 128 
Rotifer. 111 7,104 
Total 37,376 



Table 13. 
-2-

CBN 

Organism Number Total 

Copepod nauplius 192 (x64) 12,288 
Acartia sp. cope pod id 47 3,008 
Acartia tonsa adult 7 448 
Cyclopoid copepod 91 5,824 
Bosmina sp. 50 3,200 
Polychaete larva 27 1,728 
Rotifer 15 960 
Daehnia sp. 5 320 
Total 27,776 

CBS 

Copepod nauplius 620 (x64) 39,680 
~ 

Acartia sp. cope pod id 19 1,216 
Acartia tonsa adult 11 704 
Cyclopoid copepod 37 2,368 
Bosmina sp. 42 2,688 
Podon sp. 5 320 
Cladocera (unid.) 2 128 
Polychaete·larva 27 1,728 
Rotifer 19 1~216 
Total 51,776 
Cobham Bay 

Copepod nauplius 820 (x64) 52.,480 
Acartia sp. copepodid 82 5,248 
Acartia tonsa adult 3 192 . 
Cyclopoid copepod 79 5,056 : 
Bosmina sp. 20 1,280 .. 

: 
~ Dahania sp. 2 128 -~ -Cla ocera (unid.) 1 64 

Polychaete larva 11 704 
Gastropod larva .. 12 768 
Rotifer 42 2 2 688 
Total 68,480 



Table 13. 
-3-

Jamestown Island 

Organism 

Copepod nauplius 
Acartia tonsa adult 
Cyclopoid copepod 
Bosmina sp. 
Cladocera (unid.) 
Gastropod larvae 
Polychaete larva 
Rotifer 
Total 

I'. 

Number 

·611 (x64) 
4 

29 
19 

2 
5 

27 
41 

Total 

39,104 
256 

l ,"856" 
1,216 

128 
320 

. 1,,728 
.. 2.,6.24 
47,232 

'l 



')·· Feb. 1973 )······ 
Table 14 

SPECIES, NUMBER OF INDIVIDUALS Al'J1) TOTAL WET WEIGHT IN GRAMS AT EACH STATION (BENTHOS) 

SPECIES STATIONS 
,., 

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
.• 

Ga~:marus sp. 5 1 1 4 4 1 3 l 1 
Dipteran larvae 1 5 8 1 l 1 1 .1 1 6 2 5 1 
Coro"Phium lacustre 1 1 l 1 2 
Cvathura "POli ta 

i 

Laeonc1~eis culveri 3 1 l· ;l 
Congeria leucouhaeta 
Macoma mitchelli 
M. balthica 1 1 3 
Brc~cr.idontes recurv.us 3 1.: I 

Le"Didactylus dytiscus 1 1 l 1 
-V I edwardsi Mono~ulodes 1 1 

1'ub~1.lanus 12ellucidus l 
Heteromastus filiformis 
Lentocr.!.eir1,1s -plu.~ulosus 
Ed.otea tr;loba 1 1 1 1 
Ne~eis succinea 
Chil~idotea alrn.:t:ra 
Mva arenaria ..... ... Lysi"Piddes gra;vi ~ ... 

:..-
Unid. Nemertean 1 1 1 
Unid. ca:pitellids 
Ran~ia cuJ1eata 36 19 9 5 6 .2 1 15 1 1 13 
Scolecole-pides viridis 3 1 1 2 1 1 2 

Biqnias s · ( w~t wt. in gms • ) 3 42. 5 4o4 154.5 107 .o 281.0 0.5 35.0 0.5 324.o 6.5 51.0 224.o 7 !o. 



)~ May )····· .. . 

Table 15 

SPECIES, NUMBER OF INDIVIDUALS AND TOTAL WET WEIGHT IN GRAMS AT EACH STATION (BENTHOS) 

SPECIES STATIONS 

J. 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 

Gan~narus sp. l l 7 3 2 4 11 1 
Dipteran larvae 1 l 3 2 l 2 1 1 
Ccro-PM.um lacustre l 1 ~ 2 l 12 3 7 3 2 
Cvath~rr .. uolita 
Laeonercis culveri 
Cone::2:ria leuconhaeta 
Macoma J!li tchelli 
M. balthica l .1 l 
Br?~chidontes recurv.us 
LenidRctvlus dytiscus 2 4 . 
Moncsu.lodes edwardsi 
Ii."1..bula!"lUS uellucidus 
Heteromastus filiformis 
Le-pt od.:.E iru s -plur.mlcsus 
Edot.ea t:.·ilol:a l 'l 4 25 l 
Nereis succinea .. 
Chirid.otea airnrra 
Mya arenaria .... 

Lvsiuiddes gravi 
, --.: . ., 

Ur..id. oligochaetes l 2 2 
U~id. amphipods 2 
Re.ngia c-uneata 46 5 3 49 16 57 2 7 10 l 7 6 7 3 
Scolecolenides vi!'idis 1 22 1 1 6 1 23 4 

Biomass · (wet wt. in gms.) 720 105 145 740 98 847 133 111 LO 0.5 211 LO 150 103 116 .45 



June 

·rable 16 

SPECIES, tHJMBER OF I NDIVIDUALS P.l\'D TOTAL WET WEIGP.:-:r Tl'J GR-'WiB AT EACH STATION ( BENTiiOS) 

SPECIES STATI ONS 

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Ga .. ::nnrus s-p. 2 3 l 3 l 1 6 l 3 3 '7 5 11 
Di pteran l arvae 4 2 3 3 2 7 2 2 
Co:coptiun l acustre 3 l 3 1 1 7 4 4 4 1 2 
c,:.::rc-t-;.;.r2. polita 
l cco~~rais culveri 
Con:.i;e ria l eucophaeta 
!S:acm,a ni tcl:e ll:i 
1.: ~ b:..U -t!:. -i en 1 3 2 2 
i3;."':e_Cjid.c:'!tes I'C:ClU .. ,J~US 

lc~if~ctvl~s dyt i scus ~ 4 4 
!<or,osulo:5.es edi·:a :::-cs i 

'l:-.1on::'...2r.'.1.s "Oellucidus 
~c~ero~~s~~s filifcr~is 
Lc1:::,oc:,2L·:.:s ulu.i:1ulcsus 
Eco~ce. trilc·oa --- l 2 l 4 
rereis succi:-:ea 
c=-: i :t:.C:.c--cz.n cll:--~~.rre.. 
i(\ r3 6.I''2Dc1l ... ia 

Lvsi1Ji ddes gr~yi ~: . , 

Unic. . Nemertean 1 1 l 
U~id . capi tellids 
Rar:gia cune:::.ta 1 2 39 8 25 2 3 1 l 1 l 3 3 1 26 
Scolecolepid~s viridis 3 11 4 9 1 2 6 4 3 l 6 4 2 

BiOI!:.as s ( wet wt . in gm.s • ) 14 43 0 . 5 615 133 369 183 61 20 81 17 86 152 91 89 489 



Winter 
Station 71 72 

1 0.77 

2 2.03 1.00 

3 1.76 2.43 

4 1.85 O .1~4 

5 2.02 1.00 

6 o.47 1.09 

~ 7 2.43 1.46 

8 2.39 1.23 

9 1.21 1.34 

10 2.05 LOO 

11 1.73 1.85 

12 2.24 2.17 

13 2.46 1.88 

14 0,27 0.36 

15 2.15 2.24 

16 2.36 1.45 

Table 17 
BE:NTHIC DIVERSrrY 

Spring 
73 71 72 

1.12 o.44 o.84 

0.29 1.65 o.86 

o .. 65 1.88 1.30 

1.00 1.24 1.56 

1.88 1.39 1.51 

1-.26 0.59 

2.42 2.11 2.37 

1.66 1.71 1.51 

1.50 1.48 1.87 

2.00 1.50 1.66 

2.14 2.07 0.97 

2.16 1.84 1.57 

2.22 0.97 0.91 

1.26 0.83 1.07 

2.00 2.28 1.05 

1.84 2.53 o.86 

June 
73 72 73 

o.:i,5 o.84 0.92 

0.65 0.87 1.96 

1.37 1.30 1.68 

0.28 1.56. 1.17 

1.91 1.51 2.24 

0.51 0.59 o.45 

1.52 2.40 1.37 

1-93 1.51 2.02 

1.90 1.87 1.62 

2.25 1.67 2.12 

2.01 0.97 2.06 

1.00 1.57 2.05 

1.50 0.91 2.30 

1.88 1.07 2.43 ' 
; -

2.14 1.05 1.72 

1.46 o.86 1.39 ... 



' 
'rBbl e 18 

FOULING PLATE S~:UDY - VEPCO-SURRY 

1973 

No . organ:i.sms/am2 

Station CBN 
Balanus irn:i2rovi sus 
Coraphiu:m sp . 

Total No. of' Genera 
Total No . of' Organisms 

Station DWS 
Balanus improvisus 
Cor o:£>hium sp . 
Garrrrnarus sp . 

Total No . of Genera 
Total No . of Orguni sm,s 

Station CBS 
Balanus :i.mprov:i.sus ---
Coro:r2hi mn sp . 
Membran:i.J2ora tenu:i.s 

Total No . of Genera 
Total No . of Organisms 

March 
Vertical Horizont al 

13 .l+ 22.0 

1 1 
13 . 4 22 . 0 

. 96 

0 1 
0 .96 

. 96 
1.4 

l 1 
. 96 1.4 

June 
Vertical Horizontal 

2 . 9 4.8 
33 . 6 39 . 4 

2 2 
36. 5 4L~.2 

6 .7 8.6 
29 .8 16 .3 

2 2 
36. 5 24 . 9 

. 96 . 96 
20 .2 16.3 

2 2 
21.2 17 .3 

: .. 



• 
Table 19 

Entrc1imnent Study - June 1973 

% Stained 
Outfall 

% Not stained Total 

Copepod nauplius 70 30 36, 352 
Acartio tonsa 50 50 1, 664 
Cyclopoid copepod 6o 110 2,048 
Amphipod (-llI'-id . ) 30 70 3, 392 

Transect - E1 
Copcpod nauplius 90 10 28, 416 
Acartia tonsa 70 30 1, 4'(2 
Cyclopoid copepod 51+ 46 3, 261.i 
Amphipod (unid.) 70 30 1, 024 

Transect - E2 
Copepod nauplius 90 10 33, J+o8 
Acurtia tonsa 85 15 1, 344 
Cyclopoid copepod 83 :J.-7 1, 6oo 
Rotifer 95 5 2,112 

Transect - E3 
Copepod nauplius 90 10 42,624 
Aca:rtia tonsa 85 15 1,408 
Cyclopoid co~epod 93 7 1, 856 

Intake 
Copepod nauplius 85 15 28, 416 
Acartia sp . copepodid 100 0 384 
Acartia tonsa 83 17 704 
C~rclopoid copepod 95 5 896 
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