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Introduction

In May of 1969 field surveys to characterize selected
biological communities in the Hog Island area of the James
River were begun. The objective of these surveys has been
to determine if significant changes occurred in the species
composition or population levels of certain communities
which could be related to the operation of the nuclear power
generation station. Although during the period of study,
methods and stations have been changed to adjust the study
to changing regulations, its basic character has remained.
Communities studied have included benthos, zoo- and phyto-
plankton and fouling organisms.

The primary emphasis during the study has been
centered on the benthic community which has been continuously
monitored since the spring of 1969. Beginning in June of 1972,
zooplankton were sampled on a monthly basis at seven stations
and in January of 1973 a similar program for phytoplankton
was initiated. Previous plankton monitoring had been accom-
plished through productivity determinations. In June of 1973
studies to determine zooplankton mortality caused by entrain-
ment in the thermal plume were begun.

This report presents: 1) a status report on the data

accumulated during the period from January 1974 to July 1974
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and 2) an evaluation of the benthic data collected from the
spring of 1969 through 1973.

Due to personnel changes and scheduling delays, not
all of the samples collected have been analyzed. In addition,
no entrainment studies were conducted during the past six
month period. Two entrainment studies are scheduled to be
conducted during August and September. In these trials
we will utilize total counts on preserved samples and deter-
mine the ATP levels on field samples in an attempt to discrim-
inate between live and dead zooplankters. This change is
necessary since the staining techniques attempted previously

have proven unsuccessful.

Results (January - June 1974)

Phytoplankton

Total counts and dominant phytoplankton species collected
during the months of January through June are shown in Tables
1-6. Phytoplankton biomass increased from a low of 70
cells/ml in January to a peak of “ 1700 cells/ml in June.

A decrease in phytoplankton abundance occurred in late spring
when densities fell from «— 1500 cells/ml in April to 550
cells/ml in May. Concurrent with the density decrease,
Melosira declined as the dominant organism. It was present
as the dominant phytoplankter at all of the stations sampled

in April and was not found as a dominant at any of the stations
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sampled in May. The average temperature increase between the
two sampling dates was 6°C. Temperatures averaged 17.5°C in
April and 23.5°C in May.

Phytoplankton densities were generally lower during
April, May and June of 1974 than for the same months in 1973.
The average cell counts for these months were 1250/ml in
1974 and 3648/ml in 1973.

Zooplankton

Zooplankton collected from each of the seven river
stations during the months of January through June are listed
in Tables 7-13. Throughout the study period zooplankton
densities were considerably higher at the upstream stations.

A large bloom of zooplankters (Acartia, rotifers, and copepods)
was recorded at Jamestown Island and at two of the Cobham Bay
stations in April. The average density of zooplankters at the
station nearest the outfall was 12/1 compared to an average
density over the study area of 8.5/1. Mean density of
zooplankton organisms at the two stations in closest proximity
to the plume (CBS and HPS) was 7.6/1 compared to the overall
mean of 8.5/1.

Benthos

Benthic samples were collected in February, May, June
and July; however, data from only the February and May samplings
are available at this time. Tables 14 and 15 summarize the
data on the benthic communities.

Fouling Organisms

The organisms collected on the fouling plates during

the study period are shown in Table 16.
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Benthic Community Composition

1969 - 1974

As discussed in the February report, a more complete
analysis of the benthic data collected during the study
period would be undertaken and presented in this report.
Although some additional work remains to be done, the
majority of comparisons have been completed and are summarized
below, following a brief introduction on the techniques
utilized.

Biotic Indices and Water Quality

Mathematical techniques have been used to describe
community structure or to express the relationships among
samples or species. Community structure means the ways in
which the biological resources (number, biomass, energy flow,
etc.) are distributed among the constituent species in a
community. Many techniques have been developed in the past
few years to describe community structure. Those utilized
in this report are described below.

Species Diversity Measures

Species diversity has often been related to water
quality in biological surveys. Measurement of species
diversity is popular because of its utility and attractive
because of the theoretical relationships between diversity

and community stability. The most widely accepted concept



=5

of species diversity is that it is a function of the number
of species present (species richness or abundance) and the
evenness with which individuals are distributed among the
species (evenness or equitability).

The most commonly used diversity index is that of
Shannon (1966) which expresses the amount of information content
per individual. 1In other terms it is the amount of uncertainty
in predicting the specific identity of a randomly chosen
individual from an assemblage. The more species there are
and the more evenly they are represented, the higher this

uncertainty. The index generally indicated by H' is given

by:

S
H' = 'E:Pi log P;
i=1

where S = number of species in the sample and P; = the pro-
portion of the ith species in the sample. Base 2 logarithms
are often used and the index has a dimension of bits/indivi-
dual. Many additional diversity indices have been used and
many have been reviewed by Hurlbert (1971). Comparisons of
species diversity indices should be done with caution. 1In
addition to depending on sample size, diversity measures are
also sensitive to sampling technique.

The simplest measure of the species richness component
of species diversity is the number of species in a collection.

But because this depends on sample size this number is
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usually standardized by relating it to the number of indivi-
duals in the sample. Margalef's richness index, which is

widely used, defines species richness as
SR = S-1/1n N

where S is the number of species and N the number of indi-

viduals in a sample.

Classification and Ordination Techniques

The relationships between samples or between species
can be investigated by computing similarity indices based on
the species composition of these samples or the distribution
patterns of the species over a series of samples, respectively.
When the relationships between samples are considered it is
called a '"normal" analysis, and when interspecies relationships
are considered it is called an "inverse' analysis. A similarity
index is computed between all pairs of samples (species in the
inverse analysis), producing a symmetrical (sample by sample)
matrix of similarity values.

A great many similarity indices have been used that
reflect either the qualitative composition of samples
(co-occurrence of species in the\ggzgfgg\analysis) or,'to
varying degrees, the quantitative composition of samples.

Appraisals of the data, as Boesch (1973) noted in Hampton
Roads, indicated that at least two of the dominant species were

fairly ubiquitously distributed. Therefore a classification
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strategy which is unbiased towards dominance, yet includes
both quantitative and qualitative criteria appeared most
useful. Stephenson, et al. (1973) have found that the
'Canberra metric' coefficient fulfills these needs.

If X1j5 and X2j are the numbers of the j species at
two sites, then the coefficient for comparing two locations

is defined by:

dig2 =

Classifications may be discreet and nonhierarchical
(e.g. Fager's recurrent group analysis) or more often
hierarchical. Hierarchical classifications present the
intersample relationships in the form of a branching dendro-
gram. A number of clustering strategies exist by which den-
drograms are formed from a similarity matrix. In this report
we have chosen the use of a flexible sorting strategy which
has the advantage that the intensity of clustering is variable,
depending upon the valve chosen for B, as defined by Stephenson
et al., (1973). The value used for B in these analysis was the

now conventional level of -0.25.
Hog Island - Benthic Species Diversity

A summary of the benthic species diversity indices for
all stations in the study area from 1969 to 1974 is presented

in Figure 1. Figure 2 presents the same data but with those
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stations located in the plume separated from the "control"
stations. The identification of those stations located in
the plume was based on both field observations made by Dr.
Fang's group and the model predictions of Dr. Pritchard.

As can be seen in Figure 2, with the exception of 1969,
both the control and plume stations follow very similar
patterns in terms of the diversity of benthic organisms.

The drastic reduction in diversity shown for the overall

area in Figure 1 during the summer of 1969 is related to
Hurricane Camille. A similar, although less drastic, depression
in June of 1972 is also related to a salinity reduction that

was caused by tropical storm Agnes. From inspection of these
data it does not appear that the operation of the power station

has affected benthic diversity.
Hog Island - Benthic Species Richness

A summary of the benthic species richness indices for
all the stations in the study area from 1969 to 1974 is
presented in Figure 3. Figure 4 presents the same data,
but with those stations located in the plume separated from
the control stations.

The depressions in richness as a result of the storms
in 1969 and 1972 were also shown in the diversity data. How-
ever, when considering richness alone, two other notable
drops are evident. The one which occurred in fall of 1970

is due to a '"bloom" of Gammarus which greatly inflated N



Y

while not concurrently increasing the number of species.
The other noticeable depression during the summer months

of 1973 is not related to a large increase in the number

of individuals, but rather to a reduction in the number of
species present. The cause of this reduction is not known.
It may be related to the operation of the station, since no
unusual meterological events occurred during this period;
however, any such conclusion must be confirmed. If a
similar pattern is noted in the summer 1974 samples, consider-
able credence would be lent to this hypothesis.

Classificati on Analysis

Dendrograms were constructed to compare benthic
community similarity at the wvarious stations as a function
of both season and year.

Figures 5, 6, 7 and 8 show the relationships between
stations in the spring of 1969, 70, 72 and 73 respectively.
The circled stations are those located in closest proximity
to the thermal plume. Inspection of these figures shows
little continuity between years for the various station
groupings. The proximity of the stations to one another
(see Figure 9) does not appear to produce pairs nor does
their general location, i.e. upstream or downstream.

Figures 10 and 11 show the relationships between stations
in the summers of 1971 and 1973. As was the case in the spring
comparisons, the similarity between stations does not appear

to be related to station proximity, nor was any regrouping
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of similar or dissimilar station groups evident as a conse-
quence of plant operation.

Comparisons between the station groupings in the falls
of 1971 and 1973 are shown in Figures 12 and 13. Those
stations located in the plume appeared somewhat more closely
related in the fall of 1971 before the plant went into
operation than after its operation in 1973.

In Figure 14 the contrasts between all of the stations
sampled in the summers of 1971, 72 and 73 are shown, while
Tables 17 and 18 give similar data for the spring and summer
seasons. Inspection of the figure shows that yearly groupings
rather than station similarities predominate, indicating that

the plant has not affected benthic community structure.
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Table 1
James River Phytoplank ton

January 1974

Station Total Cells/ml Dominant Organisms

DWS 30 Melosira sp.

Cyclotella sp.
Nitzschia spp.

Intake-River 30 Melosira sp.
Cyclotella sp.
Nitzschia spp.

Intake-Canal 50 Melosira sp.
Nitzschia spp.
Cyclotella sp.

HPS 50 Melosira sp.

Cyclotella sp.
Nitzschia spp.

Discharge-River (CBS) 60 Melosira sp.
Cyclotella sp.
Nitzschia spp.

Discharge-Canal 120 Navicula sp.
Melosira sp.
Nitzschia spp.
Cyclotella sp.

CBN 70 Melosira sp.
Nitzschia spp.
Cyclotella sp.

Cobham Bay 100 Melosira sp.
Nitzschia spp.
Cyclotella sp.

J. 1. 150 Melosira sp.
Nitzschia spp.
Cyclotella sp.




Table 2
James River Phytoplankton
February 1974

Station Total Cells/ml Dominant Organisms

DWS 50 Melosira sp.
Nitzschia spp.

Chroomonas spp.

Intake-River 60 Melosira sp.
Nitzschia spp.
Chroomonas spp-

Intake-Canal 40 Melosira sp.
Cyclotella sp.

Nitzschia Kitzingiana

HPS 70 Melosira sp.
Nitzschia Kutzingiana
Cryptomonas sp.

Discharge-River (CBS) 50 Melosira sp.
Nitzschia spp.
Cyclotella sp.

Discharge-Canal 60 Melosira sp.
Nitzschia spp.
Cyclotella sp.

CBN 50 Melosira sp.
Cyclotella sp.

Nitzschia spp.

Cobham Bay 100 Melosira sp.
Nitzschia Kiutzingiana
Cryptomonas sp.

Jo L 200 Melosira sp. ‘
Nitzschia Kutzingiana

Dinobryon sp.




James

Station

DWS

Intake-River

Intake-Canal

HPS

Discharge-River (CBS)

Discharge-Canal

CBN

Cobham Bay

Table 3

March 1974
Total Cells/ml

500

100

300

100

300

400

400

River Phytoplankton

Dominant Organisms

Melosira sp.
Nitzschia Kutzingiana
Cyclotella sp.

Melosira sp.
Nitzschia Kutzingiana
Nitzschia paradoxa

Melosira sp.
Nitzschia Kutzingiana
Cyclotella sp.

Melosira sp.
Nitzschia Kitzingiana
Cyclotella sp.

Nitzschia Kutzingiana
Melosira sp.

Cyclotella sp.

Melosira sp.
Nitzschia Kiutzingiana
Cyclotella sp.

Melosira sp.
Nitzschia Kitzingiana
Cyclotella sp.




Table 4

James River Phytoplankton

Station

DWS

Intake-River

Intake-Canal

HPS

Discharge-River (CBS)

Discharge-Canal

CBN

Cobham Bay

April 1974
Total Cells/ml
1600

2600

800

1200

2000

1300

2500

Dominant Organisms

Melosira sp.
Chroomonas sp.
Nitzschia Kutzingiana
Cryptomonas sp.

Melosira sp.
Nitzschia Kutzingiana
Chroomonas sp.

Melosira sp.
Nitzschia Kiitzingiana

Melosira sp.
Nitzschia Kilitzingiana
Chroomonas sp.
Cryptomonas sp.

Melosira sp.
Chroomonas sp.
Nitzschia Kutzingiana
Cryptomonas sp.

Melosira sp.
Chroomonas sp.
Nitzschia Kiitzingiana
Cryptomonas sp.

Melosira sp.
Nitzschia Klitzingiana
Chroomonas sp.
Cryptomonas sp.




Table 5

James River Phytoplankton

Station

DWS

Intake-River

Intake-Canal

HPS

Discharge River (CBS)

Discharge-Canal

CBN

Cobham Bay

May 1974
Total Cells/ml

500

500

500

500

600

600

700

Dominant Organisms

Chroomonas sp.
Cyclotella sp.
3 B flagellates

Chroomonas sp.
Nitzschia Kitzingiana
Cyclotella sp.

Nitzschia Kutzingiana
Chroomonas sp.
Cyclotella sp.

Nitzschia Kutzingiana
Chroomonas sp.
Cyclotella sp.

Nitzschia Kutzingiana
Chroomonas sp.
Cyclotella sp.

Chroomonas sp.
Cyclotella sp.
Nitzschia Kutzingiana

Chroomonas sp.
Cyclotella sp.
Nitzschia Kutzingiana




Station

DWS

Intake-River

Intake-Canal

HPS

Discharge-River (CBS)

Discharge-Canal

CBN

Cobham Bay

Table 6

James River Phytoplankton

June 1974
Total Cells/ml

2600

1300

1800

2400

700

1800

1200

Dominant Organisms

Cyclotella sp.
Chroomonas sp.
Melosira sp.

Cyclotella sp.
Chroomonas sp.
Nitzschia Kitzingiana

Nitzschia Kutzingiana
Cyclotella sp.
Chroomonas sp.

Cyclotella sp.
Chroomonas sp.
Melosira sp.

Nitzschia Kutzingiana
Chroomonas sp.
Cyclotella sp.

Chroomonas sp.
Cyclotella sp.
Nitzschia Kutzingiana

Chroomonas sp.
Cyclotella sp.
Nitzschia Kitzingiana




Table 7

Cobham Bay
1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.
“copepodid 0.61 0.16 0.13 <20 1.31
Acartia tonsa 0.03 0.01

Barnacle nauplius

Bosmina sp. 0.07 0.06 0.43
Copepod nauplius 1.30 0.35 10.62 <20 0.03 28.33
Cyclopoid

copepod 0.25 0.30 0:21 0.01 0.36
Daphnia 0.04 0.01
Eurytemora sp. 0.02
Gastropod larva 0.02
Harpacticoid 0.05

copepod 0.01
Pelecypod larvae
Polyphemus pediculus
Polychaete larvae
Rotifer 0.25 0.02 {20
Tunicate larvae
Total/l 2.52 0.97 10.99 {60 0.04 30.47



Table 8

Cobham Bay South

1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.

copepodid 0.26 0.35 0.05 {20 0.58
Acartia tonsa 0.01

Barnacle nauplius 0.01 0.29
Bosmina sp. 0.08
Copepod nauplius 1.60 0.24 2.31 {20 0.07 5.17
Cyclopoid

copepod 0.16 Q.11 .20 0.01 0.69
Daphnia
Eurytemora sp. 0.03
Gastropod larva 0.01
Harpacticoid

copepod 0.01
Pelecypod 1arvae'
Polyphemus pediculus
Polychaete larvae 0.01
Rotifer 0.03 0.03 <20
Tunicate larvae
Total/l 205 0.70 2.62 {60 0.08 6.86



Table 9

Cobham Bay North

1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.

copepodid 0.16 1.26 0.27 0.09 0. 13 2.45
Acartia tonsa 0.02 0. 31 0.05
Barnacle nauplius 0.01
Bosmina sp. 0.03 0.02 0.03 0.05 215 0.18
Copepod nauplius 1...10 ledl. 077 7515 18.03
Cyclopoid

copepod 0.13 Q.23 0.26 0.08 1.02 0.99
Daphnia
Eurytemora sp. 0.04 0.08
Gastropod larva
Harpacticoid

copepod
Pelecypod larvae
Polyphemus pediculus
Polychaete larvae 0.01
Rotifer 0.37 0y 12 0.04
Tunicate larvae
Total/l 1.81 1.86 L.79 1.03 10.45 21.8



Table 10

Hog Point South

1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.

copepodid 0.20 0.24 0.05 0.01 0.09 212
Acartia tonsa 0.02 0.02
Barnacle nauplius 0.23
Bosmina sp. 0.05 0.01
Copepod nauplius 0.46 0.39 1.45 0.37 7.40 3.72
Cyclopoid

copepod 0.21 0.31 0.05 0.27 0.05 1.05
Daphnia
Eurytemora sp. 0.24
Gastropod larva
Harpacticoid

copepod

Pelecypod larvae

Polyphemus pediculus

Polychaete larvae 0.04 0.01 0.04
Rotifer 0.06 0.04

Tunicate larvae

Total/l 0.93 0.98 Ey 58 0.67 7.60 7+43



Table 11

Deep Water Shoals

1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.

copepodid 0.44 0.03 0.04 0.01 0.01
Acartia tonsa 0.04 0.01 0.01

Barnacle nauplius 0.03

Bosmina sp. 0.03 0.03 0.02

Copepod nauplius 3.33 0.01 0.33 4.68 1.31 1.43
Cyclopoid

copepod 0.14 0.01 0.01 0.12 0.01
Daphnia

Eurytemora sp.

Gastropod larva
Harpacticoid 0.01

copepod 0.01

Pelecypod larvae 0.03
Polyphemus pediculus

Polychaete larvae 0.01 0.01
Rotifer 0.05 0.02 0.09 0.02 0.04
Tunicate larvae

Total/l 4.03 0.03 0.44 4.97 137 1.52



Table 12

Intake Canal

1974

Organism/1 Jan. Feb. Mar. Apr. May Jun.
Acartia sp.

copepodid 0,15 0.02 0.03 0.22 0.17 0.17
Acartia tonsa 0.06 0.01 0.01

Barnacle nauplius 0.03 0.03
Bosmina sp. 0.03

Copepod nauplius 0.42 0.22 0.32 0.70 3.83 0.63
Cyclopoid

copepod 0:23 0.10 0.01 0.18 0.04 0.04
Daphnia
Decapod zoea 0.02
Eurytemora sp.
Gastropod larva 0.32
Harpacticoid 0.03

copepod 0.01
Pelecypod larvae 0.01
Polyphemus pediculus
Polychaete larvae 0.01 0.02 0.28
Rotifer 0.02 0.25
Tunicate larvae
Total/l 0.86 0.38 0.44 1.14 4.06 1.74



Table 13

Jamestown Island

1974
Organism/1 Jan. Feb. Mar. Apr. May Jun.

Acartia sp.
copepodid 035 0.41 0.20 {20 2.33

Acartia tonsa 0.03 0.05

Barnacle nauplius
Bosmina sp. 0.03 0.01 1.05 1.00

Copepod nauplius 2..33 0.89 16.26 <20 5.41 4.65

Cyclopoid
copepod 0=12 0.44 0.24 0.30 1.70

Daphnia

Eurytemora sp. 0.44

Gastropod larva

Harpacticoid 0.03
copepod

Pelecypod larvae

Polyphemus pediculus 0.01

Polychaete larvae
Rotifer 0.24 0.01 0.73 {20
Tunicate larvae 0.01

Total/l 3.0/ 1.82 17.50 {60 6.76 10.12



Species

Species, Number of Individuals and Total Wet Weight

(Without Clam Shell) in Grams at Each Station (Benthos)

Table 14

May 1974

Stations

7 8 9 10

12

13

14

15

16

Mollusks

Rangia cuneata
Congeria leucophaeta
Macoma mitchelli
Macoma balthica
Corbicula manilensis
Hydrobia sp.

Mya arenaria
Brachidontes recurvus

Annelids

Scolecolepides viridis
Nerelis succlnea
Lysippides grayi
Pongora Tigni
Laeonereis culveri
Heteromastus filiformis

Unid. capiltellids
Unid. oligochaetes

B

22

42

13

10

6

21

10

18

17

14

37

22



Table 14
=

Species

Stations

5 6 7 8

9

11 12

13 14 15 16

Amphipods

Ganmarus sp.

Corophium lacustre
Lepidactylus dytiscus
Leptocheirus plumulosus

Monoculodes edwardsi
Caprellidae (unid.)

Isopods

Cyathura polita
Edotea triloba
Chiridotea almyra

Dipteran larvae

Nemerteans

Hydroids

Biomass (grams)

10

10.6 4.0

1.7 3.7

X

2.9 2.8 3.0 0:6

21 1

8.0 2.9

1.4 1.8 3.1 0.6
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Table 15
Species, Number of Individuals and Total Wet Weight
(Without Clam Shells in Grams at Each Station (Benthos)

February 1974

Stations
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 1% 15 16

Mollusks

Rangia cuneata 33 14 1 24 452 27 1 16 i 1 15 3 2
Congeria leucophaeta 8 21

Macoma mitchelli 1 1 2 5 1
Macoma balthica

Mya arenaria

Brachidontes recurvus

Annelids

Scolecolepides viridis 1 3 3 2 1
Nereis succilnea 1 2 1 4 %
Lysippides grayi

Polydora ligni 1
Laeonereis culveri

Heteromastus filiformis 2

Unid. capitellids

Unid. oligochaetes 3 2 1 4 5 32 3 1 2 4 9

Amphipods

Gammarus sp. 1 1 1 1
Corophium lacustre 1 3 1

Leptocheirus plumulosus 2 1 16
Lepidactylus dytiscus 2

Monoculodes edwardsi




Table 15
i

Species

7

8

Stations

9 10 Ll 12

13 14

15

16

ILsopods

Cyathura polita
Edotea triloba
Chiridotea almyra

Dipteran larvae

Coelotanypus sp.

Cryptochironomus sp.

Nemerteans (unid.)

Nematodes (unid.)

Biomass (grams)

1
6.0 3.6 0.8 4.8 2.2 5.8

2.

0

i 5 N i R o

0.2

0.1



Table 16
Fouling Organisms
No./dm2

Jan. 73 o
Jan. '74  Jan.-Feb. Mar.-April May-June

Station (CBN)

Balanus improvisus Lost 3.3 2.4 140.0
Balanus eburneus 20 3.0 2.9
Corophium sp. - - -

Station (CBS)

Balanus improvisus Lost 2.0 28.9 98.7
Balanus eburneus - - 14.0
Corophium sp. 7.0 - -

Membranipora tenuis - - 17.2
Station (DWS)

Balanus improvisus Lost 10.0 14.7 7540
Balanus eburneus - 51.2 53.0
Corophium sp. - - 2.0
Membranipora tenuis - - 11.3
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T 0.7C64 PO 2 AND PO’ 8 PO 2,P0 8,
75 c.*i&?? P2 KNG P33 PITGR3TEy T T

C-.'SB'G?“PB TAND PGPS 14P9T1y T

T4 B

2

73 0.6629 Pl &6 AND P2 & Pl 64P2 6y

7 L0 TP AN POTT TP POl Ly T

e e e i B

CebGLY P93 AND PGS H " P9 3,P9 6

- 70 {45821 PC 2 AND PCO14 PG 2+PC 8,POLl4,

L

Table 17

INCLUDED

0e3772 "PL T ANDPT 277 PT 9,P9 72y 7 "7

____7“‘__.‘.._._.___._“...- - T e
T TR T UTCLSTCA TPITE AND P2 4 T PY 5,P274; T T T T T mmmememm e
GE 0.5643 - P3 6 AND P313 P3 3,P313,
- 66 €.5529 P2IC AND P3 5 ‘I“"_Iz_l G4P378, — T B
— CEX . K.3438 " PTEAND P35 k3 6,P315, T T T T T T T
" b4 " 045308 PG 4 AND P2 1 PO 4,P2 1,P2 2,
. &3 ».5(.80 Pl 4 AND P9 5 C Pl 4,P9 D, T - e
T T e s AP 8 e Sepoatez sy T T T
61 L.5048 PO 3 AND P3 2 PO 3,P3 2,P3 3,
. 69 C.x94%  POIC AND PITY  PCum,plle,” T T T T T T T
— I LR T
58 Ce4t62  Plle AND P212 PL16,P212,
57 Teao(T P94 AND POI3T RS 4,P913, O T T T T T T
5 R B O T S T T —
* ss 0.4333 P21l AND P310 - P211,P310,
5% TTOGASTI PTG AN PYE T PY 4,P9 5,097 T T T
53 D CLE230 POTG AND PCL2T BOLLaPRL2,P112, T 7: _ -—-,?:.W,N
o~ 52 f.4222 P314 AND P316 P3144P316,

P}

17 PG ieP3LYy

Cealéd2 PL 5 AND P213 P1 94P2 4,P213,




AN\
ﬁ
49 573567 P12 AND PIl4 PT Z4P11%y - Table 17
8 0.3875 PC 9 AND P214 PO 9,P214 "2
47 _9.3836 P19 AND P113 Pl 9,PL13,PY 2,
46 ST 0.3819 P25 AND P210. P2 5,P210,P3 5, T
___ 45 €,3729 PO 4 AND PC 6 PO _4,P0_5,P2 1,P2 2, N .
44 G.3690 P38 AND P9 3~ P3 §,P313,P9 3,P9 &y -
_so.430 .7 T 0.3534 POlo AND POI3  PO10,PCI2,PO013,P1 8,PL12, | . ..
42 0.3523_'?0 TAND PU 7 — PO 1,PD 7?"?311, _____ — ]
3T 0.3464 PO 5 AND PT 5 PO 57P0LL,PT"5,P274,P278,P213; - ]
40 - ° 77 g.3380 P13 AND P1 7 7 PL3,p1 T, S T i :
35 —0.3356 PI T AND P % P 3P3 APS Ty — ]
38 0.3251 " PLIS ANU PIT6 — P115,P116,P212, " |
"._ 37 e ,j;'o.7316‘7_ POL5 AND P915 9915.9915. 5 e N
36 03076 P9 g AND POTT P9 9;PYITy_ . — —— —
35 U.2687 P05 AND P26 PO 5,P0L1,PL 5,P2 4,P2 8,P213;P215, |
& 34“ .0 0.2743 P9 4 AND P914 T P9 4,P913,P914, ‘ i'
Vo WREE) ~——G:7737 PIIS AND P2I5 PIIS,PII6,P21Z,P215; —
32 - 072885 TPIIC AND PITY " PIL0,PILT; " T T T ' - - i
1*'-'1\2’{31 0.2545 P2 3 AND_p_; T P2 3,P3 7,P9 T, )
30 = €.2531 PO 1 AND PO 3 PO 14PC 3P0 7,P3 Z;P3 3,P31T5 T
79 032312 PLTITAND P31 T PL1,P3 I,P3 45PY 15 T S —
28 " . 0.2247 -P9 9 AND P910 P9 9,P910,P911,
~ 77 - 0.2019'_ PG % AND PZIT TP WGP 6P I,P2 2Pl L3Iy
26 0.,1895 PL 2 ANG P2 9 7 Pl 2,Pl14,P2°6, B A
25 . 041738 PG 5 AND P16 PO 5,PGL1,PL 5:P1 64P2 4,P2 6,P2 B,P213,P2164
2% 0.1698_ PUIS_AND P2 7 POT5;P2 T3P91557 T R
73 UIT581 POTe AND P314~ T PO167P312,P314,P316, — T T T Tt
22 C.1528 PO 97-AND PL O PO 94P1 9,P113,P214,P9 2,
21 0.1T38_"PITO AND P376 — _ PIIC,PI11,P3 o, P315, ~ "7~ """ ]
70 0. IC3% P12 ANOPII5 " PL 27P114:P115,P116,F2 9,P212,P215; ~
19 - = C.0674 P2 3 AND P3 8 P2 3,P3 T,P3 6,P313,P9 3,P9 6,P9 T, ‘
T8 TTT535 P S T AND POIT g‘a@l'{‘.‘br 33PT TP s PI125PLT3 P T BT PITZ P37 27P3 3
’
'A
.



 Ceus3p

PC15 AND P3 9 PO154P2 74P3 9,P915,

: . - Table 17

C.0514 P9 9 AND P912 PS 9,P9104P9L11,PI12,P 916, -3-

0.0456 PO15 AND P13 Pols,Pi 3,P1 ToP2 74P3 G,4P915,
N V0338 Pl 4 AND PZ“B‘”“Fl EY18 5,P21c7P3"5.P9 8¢ P By _ BT
2 " 0.C159 PG 2 AND P1 1 po- 2,PC 8,P014'P1 1,P3 1.P3 44P9 1,

TZ0.0231 PC 9 ARD PO1S ~ PQ 9,PCT5,P1 3,P1 7,P1 9,P113,P2 7,P2145P3 9,P9 2,
- - P915'
-C.0596 PO_}‘AND P110 PO 1,0 3,P0 1.9010,9012.9013.91 8, leo.Plll.Pllz,

5

P3 2,P3 3,P3 6,P311,P315,

=7.0681 P2 3 AND Pqﬂi‘jf?f“3;v3_7}93“67p3133?9“37?6‘%;?@'6:39‘77?9137ﬁ§127“‘
-GJC687. PO 4 AND PO 5~ PO 440 5,P0 6,PI11,P1 54P1 6,P2 1,P2 2,P2Z 44P2 6,'
ot - : P2 84P211,P213,P216,P310,
~G.07T43 P1T 2 AND PT &4~ Pl 2,PY 4,P114yP115.Pf16'P2 55P2 9,P210y92121P215|
P3 5,P9 5,P9 &,
-0.1682 PO 9 AND PS 9 © PO 9,P015,P1 3.,P1 7,P1 9.P113,P2 74P214,4P3 9.99 2,

- : P9 9,P913,P911,P912,P915,P916,

=0.2429 PO 9 AND PI 27 TFD S,PCI5,PI 2,P1 3,P1 4,P1 7,P1 9,P1Y3,P114,PI15,

T P1164P2Z 5,P2 7,P279,P210,P212,P214,P215,P3 5, P37 9, |

-C.3571

P9 24P9 5,P9 B, P99, PI10,PIIT,PIT2,PIL15,PII6, |

PG 4 AND PO 9 PO 44PC 54P0 69PO 94P0L1,P0O15,P1 24Pl 34P1 44P1 5,

PT 6,PL 7,P1 9,PTI13,P114,PIY5,P1T6,P2 1,P2 2,P2 4y

P2 5,P7 64P27T4P2 84P2 94P210,P211,P212,P213,P214, |

P21%3P216,P3 5yP3 G,P310,P9 2,9 5,P9 §,P9 9, P9IU.

PO 1 AND PO 4 PO loPQ 34P0 44P0 S59P0 64P3 TePQJ 94PU1U4POLL,PO12,

P013,P015,PT 2,P1 3,P1 4,P1 5,PT 6,PL 7,P1 3,P1 9y

PI10,P111,P112,P113,P114,P115,P116,P271,P2 2,P2 4,

PZ5,PZ 64P2 T4P2"B4P2 9,yP21I0,P211,P2127P213,P214y

TP215,P216,P372,P3 3,P3 5,P37%,P3 9,P310,P311,P315,
P9 24P9 54P9.- ByP9 . 99yP9104PI11,4PI12,PI154P 916,

PO 7,P0 3,P014,P171,P2 3,P371,P3 4,P3 7,P3 B,P3T3,

__P9YYPI3,PY 44P9 6,P9 T,P913,POL4,

PSIT,PIIZIP9L5,PSI6T
' -0.3899
=0.4C51 PO 2 AND P23
=0.5790
h P914,

PO 2 ANDTPOI6 T PO Z,PC T 84yPUI4,PO16, Pl 1,P27 34PI TIP3 "43P3 Ty P3 8y |
. P3124P313,P3144P3164P9 1,P9 3,P9 4,99 6'P9 7yP913’

-0.66 92

LT AND PU 2 PO, 95“2,VO'3:P0 4yPD 54P0U 6P 793P0 _8,P0 9,P010y, |
T T RO L, P2, POL 3, PO 14, PUL5PI163P1 T 1, PLT2,P L 3, PY «‘+'“

PT 5,P1 6,21 7,P1 8,PI 9,PIIC,PIT1,PT12,PT13,P1T%,
PL154P1164P2 1,P2 294P2 34P2 44P2 5,P2 64P2 T,P2 8,
P2 94yP2104P211+P212+P2139P2144P215,P216,4P3 1,P3 2,

P33,PT 4,P375,P3 6,P3 T,P3 B,P3 9;P3TC,P311,P312,

-0.6692

T P313,P314,P315,P316,P9 1,P9 2,P9 3,P9 4,P3 5,P9 6,4}
P9 7,P9 eigg_thglg,v911.993239913,9914,P©155¢9167x:

ALL ONE GROUP
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Table 18
Nile GiPS CLUSTERS ‘
LEVEL GROUPS SAMPLES INCLUDED
) : .78 049444 A1 1 AND A3 2 AL 1,A3 2, 7 . .
' - 77T G.879C AZ % AND A214 _ _AZ 43AZ14y - —
76 0.8262 A3 6 AND AZI3 " A3 6,A313, -
5. U.7208 Al 9 AND A3 6 Al 9,A3 6,A313, - e
Ta T OwfeeT AZ 5 AND AT AZ BiAVIE :
73 CT6257 82 5 ANDAY 3 T KZ 574973,
72 0.6239 A0 8 AND AOL3 . AO 8,AG13, ) O
7T Co8I39 A3 7 RND A3TC AT TiAII0; ‘ § =
70 T T.6UBA TALLE AN AS % ALIG,AT &, -
69 C.6037 AC 7 AND ALLS  AC T,AL15, - -
3 ~T.6CI6 AL & AND AL 6 AL %A1 By —
57 STTTUL5T26 RO 9 AND AZT3 T AD 9,AZI3y
- 66 . C.5429 AGl2 AND AO15  AQL2,ACLS, < . C RS
55 T+5399 AT 3 AND AD T A0 37AC TSAITS; ——
5% TC5Z1% A3 5 TANDAY 9 A3 57A9 9 T —
. : 63 €.5199 AQ 3 AND AO!Z o ’40‘ 3,80 7,A4012,A015,A115, o e
R — 52 C3T5Y AT 5 ANY AOTE AU 57A0LE; — —
; BT 0.5UCT TAZ TTAND AILZ T TAZT7,A3IZ,
5 60 0.4833 AL 6 AND AL13 Al 6,A113, L .
’ 53 4RI RO 4 NG A B A 6 AC BIAOTT, ' — N
': 55 T 64875 ATIG AND AUL4T T AULG;AT 145 -
: 57 '0.4693 -A3 1 AND A3 9 - A3 1,A3 9, <7 T o
56 Toe€68 AT T AND AZI0 AT T7AZI0; T -
55 T.4433 AT 5 AND A9 7 AT 57A9 Ty T
P 54 VL4350 ASl4 AND A916  A914,A916, = . s LU
: 53 04333 A9IZ AND ASI5  AITZMOIS, =
' ‘ 57 Te4319 “AIT& AND A9 T AN T4 AT T T
- 51 0.4249 A0 5 AND A910  AQ 5,A015sA910, S e w
i J 5 T T AT S AN 7 5 AT A AT e AT T — :
s ) ~ 49 ) ©.4C95 A2 9 AND A3 3 A2 ta’,IAS“ 3, . o




S
—T C.%052 A2 & AND 9_215 R2%, K214 R2165 v Table 18'
Poa o 0.4027 ALL6 AND A3 5 Al16,A3 4143 5,29 9, -2-
46 0.3941 A2 6 AND A2 7 A2 6,A2 7,a312,
S as T - _ 03364l LA1 2 AND A3 7: Al 2,A3 7,A310,
A %% —— G.3506 A0 6 AND AL & A0 6, AT AT, T
43 (13496 A7 7 AND A2 8 A2 2743 67A9T3,
T4 3T 043372 A0 2 AND A011 . AC 2,ac11, . I
S 5.3355 AL 5 AND ALT KT 5541 7RI 75 T —
%0 - 0% 333F A 2TAND A9 “““”‘A‘Q"Z‘.M”‘S‘; ) . o
L S C.3120° A0 1 AND AD 3 © AO 1,AC 3,AC T,A012,ACL5,A115, »
L TYE  AIT AN ATIZ RO ACTATAITZ;
37— L3000 K34 AND A6 A31%,A315; —
T3 7 - “1,02935 A94AN0 4911 A9 4,A‘911,»: . - - T A ‘5
*‘feﬁ—"———'-c—zbﬂzmﬂaﬁarr* AZTL RS — : ——————-
L CeZ82 T AT 5TAND #2015 KL, A1 758205, A9775
33 - 7T 0e26CT AD 6 AND A9_ 5  AD b6yAl 64A113,A9 5, -
32 ' 0sZ575 A3 B AND A9 6 A3 6AY ey T -
£} S €752 NLLE AND RZ & ALISTKZ A2 TTN3 4,43 5,A312,A9 9 T
. ,3.6 F 02457 A2 3 AND A212 A2 3,A212, :
—55 - G243% R 5 ANDAOTC" Ac’f,An’c‘.‘Aori..AD 163 ATTZ, A5 10 —
78 0T2T4T A2 TSTAND A371TTAZ 9743 I7A3 3743 e,f‘—*'*“‘-"_'" '
21 R ‘o.';zoso 49,9 AND AL 3 A0 9,AL 3,A210,A213, v N
e 0.1%04 AT14 ANO A2 T ALT%,A2 T359 15 S T
75 €. 1822 ATIT AND 69 % 7 KI10,457%,A9117 T
24 F - 0.1789‘ A2 2 AND A914 A2 2,A2 51A9134A9149A916,
A TGN I61T AT T ARD AL A AL 2,AI47AT BiA3 TiA310T '
o2 (L I57% AOTE AND A 277 AU 67AL EvAL13,A9 2,49 5,49 87 T
217 7 .7 -0.1436 A2L1 AND A314.  AZL1,A311.3314,A316,
7S - TII325 K3 B UAND RIT2 A3 87A96,A912,A915y T T T T T T
T T T T TOOSTT AT Y AND TALTSTT AL Y 3,41 5y AT 7, 4210054213 /215, ATy T T
98 . c.veis A0 2 AND AQ 4 a0 2,40 4,40 8,AC 11,4913,
_ '177 - 0IF457 AT 1 AND ATI4 A 1.A11l.,7x‘2‘“1.n5 UYAS T, — T
o~ C.0315 AL 2 AND AL 9 AL 2,A1 4441 &,A1 9,42 5,43 6443 TyA213,A313,49 3,

—~——



- -
|
, Fable—18—~3=———-
# 15 Ced3Cu AT 2 4ND AU 5 AC 2,A0 449A0 5,A0 89AV10,ACL1,AUL3,A014,A0160A112
A91Cy
14 ~(.0C7u_ A2 9 AND A3 8 A2 9,A3 1,A3 3,A3 8,A3 9,AS 6,A49124A915,
13 . -0s0164 A0 9 AND Allb AD 99Al1 3,A1 5,A1 7,A116,A2 69A2 74A2104A2134A215,"
: A3 4,A3 5,A312,A9 7,A9 9, .
TTI2 T TTTTT UT0.0256 G 6 AND ALLC T AJ 6oAL 6,A11G,A113,49 2,49 4,49 5,49 854910, T T
- IT =0.06T% A2 3 AND A3IS T TAZ 3,A212,K315, - 1
1C ) '('00793 AD 1 AND AU 2 AC 14AC 2,A0 39A0 49AQ S5,AT T7,A0 8,A010,A01194012,
. ~ ATT13 ']VIIG 'm Am69Ar12|A115'A9}91_H~7 e R
9 =C. 1075_—A0-6—AND A21T 7 A0 6'A1_~61A11U1A113'AZIIQA3111A3l41A3-1_6—.A9 21A’9 ‘0:
= T UTTTAGTS,AGTE,ANTY,
8 © =U0e2063 AT 9 AND Al 2 AO 9,A1 24Al 34Al 4¢Al 5,A1 7,41 8,AL 9,41169A2 54
TRZ 64A2 TA21C07A213,A215,A3744A3 5 A‘3'6—A3 7 TA3IT,
ST TUTTTTUTT TTTA312,A313,A9 340A9 7449 9y T R
7T T e0SZIBA TAUTE AND A2 T AU B3 AT 67A110,A1T3,A2°3,42117A212,A31T7A 314743155
oL A3169A9 29A9 44A9 54A9 B4A911, .
R =0.237T AZTmZT—— A2 2°7AZ 8,AZ° 9-:\3’1,1\3 3 ATB',A?“T,A"; 5 5-912.&913_7
) S o '-___1_91411\‘?1501916' [ T‘_
5 o ‘U-ZbFB AU 6 AND A272° A0 65A1 6,A110,A13,A2 2,A2 3,R2 ByA279,A2T1,A212,
. . o A3 19A3 3,A3 89A3 99A311,A3144A3159A316949 2949 4.
< i : - A9 5449 64A9 8,A911,A912,4913,A91444915+491694 v \

T (3 T STe3202 T AUTSTAND A2 4T T TATT9,ALT 2,A1 3,A1 4,Al 5,41 7,41 8,A1 9,A1064AZ 44 _j
B - T A2 5,A2 64A2 T,A210,A213,A214,4215,A216,A3 4,A3 5,
TTTAIT6,A3 7,A310,A312,A313,A9 3,897 7,A97 9,

3. i -0e4344 AQ 6 AND Al 1 AQ 649A1 1,A) 6,A1109A1139A11644A2 1,42 2942 34A2 8,

TTA2T9,A211,A212,A371A3 7 2,A373,83 8, AT 9TAB1I1,A3Ta, T
A315,A316,A9 1,49 2,A9 4,A9 5,49 6 A9 8'A9llvA9120 B

T T T T e T e e e e ~ A913, A91"ﬂ\9159A9161 o -

2 -0+6Ul9 AD 6 AND AOC 9 AD 6440 S,a1 1,A1 2441 3,A1 4,A1 5,Al 6,41 7,41 8,
' . Al 99A11G4A1139AL149A1164A2 1,42 2,A2 3,A2 44A2 5,
TA2 63A2 Tek2 89A2 95A210,A211,A2T2;A213,A2144A215,
A2169A3 1943 2,A3 3,A3 4,A3 5,A3 6,43 7,43 8,443 9,
TTUA3IC,A311,A312,A313,A314,4315,A3164A9 1349 2,49 3,
TA9 44,A975,A9° 6,A9 T+AT 8343 79,4911,A912Z,A9I3,A9147
A915,A916,

1 0BT —Wrmj\w—ﬁ TATT 1,AT Z4A0 3,40 4,A0 5,AC 8,A0 TLAT 9,0 9,A0107
D T T T OADL114A012,AC133A014,A015,A0164A1 1,A1 24A1 3541 4y
> - TTUTTTTAY S54A1T 6,A1 T7,AL 84,A179,A110,A112,A213,A114,A115,
) TAT169A2 1 4A2 24A2 3,A27°440A2 5,A2 6,A2 T4A2"B3A2 9y
\ T OAZLN9A2114A2129A2139A2149A2154A2164A3 14A3 24A3 3,
: - A3 43A3 54A3 63A3 7443 B85A3 9,431C9A311,A312,4313,
- - TTA3TZ,A31544316,49 1449 2749735497 4,43 5489 67A9 Ty
. A - T AT 1A911,A912, A913'A914,A915'A916. o

o 1 < =U.BL07 ~ ALL ORE "GROup "~ T~ 7o omTm o o
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