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Abstract

A three-year research program was conducted to consider toxaphene
contamination and estuarine ecology. Samples of environmental fauna,
flora, sediment and water were analyzed for toxaphene content. The
major study area was a salt marsh watershed adjacent to a toxaphene
producti.on plant in coastal Georgia. Another salt marsh watershed,
free of any contamination or pollution, was utilized as a control.
The purpose of the research was to quantify potential effects of toxa-
phene eftluent on the estuari.ne fauna and flora and monitor quantitati.ve
changes in the ecosystem that might be associated with a toxaphene
pollution abatement program initiated during the study period.

Toxaphene concentrations in the manufacturing plant effluent
decreased over one order of magnitude during the study period  ! 180
ppb toxaphene to% 10 ppb! . There was also a concurrent increase in
the number of organisms and the number of different kinds of organisms
found in the watershed adjacent to the toxaphene effluent  three
different species of pelagic organisms the first year, to seventeen
different species of pelagic organisms during the third year!. Species
diversity index, H Bar, a measure of the evenness of distribution of
organi.sms, was contrasted at monthly intervals from all study si.tes.
In the first year, the species diversi.ty index in the stream adjacent
to the toxaphene effluent was 0.70 whi.le for the same period, the
index for the controL stream was 1.88. During the thi.rd year, the
index for the stream adjacent to the toxaphene effluent was 1.72 while
the control stream was 1.80. This significant increase in diversity
was concurrent with the simultaneous decrease in apparent toxaphene
content of plant effluent.

Toxaphene content in organisms collected in the toxaphene contam-
inated marsh area also decreased significantly duri.ng the three-year
period, The salt marsh cordgrass toxaphene content decreased from
45 ppm �970-1971! to C' 2,5 ppm �972-1.973! . Toxaphene conten.t in
anchovies decreased from 43 ppm �970-1971! to 6 ppm �972-1973! .

In summary, the toxaphene content of the plant effluent decreased
simultaneously with the toxaphene content of fauna, flora and sedi-
ments. Concurrent with this was a significant increase in species
diversity. The quanti.tative results indicate a significant improvement
in the health and diversity of the ecosyste~. For further detai.ls the
reader is referred to the attached report.
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Introduction

This report summarizes the research findings of a program designed

to evaluate the effects of toxaphene contamination on estuarine ecology.

The three year study was funded by a grant from Hercules, Inc. to the

University of Georgia Marine Institute. The details in this report

represent a final synthesis of the research. Although an effort has

been. made to recapitulate the data from the first two years of the

study, reference is made to Technical Report Series No. 72-2, Survey

of Toxaphene Levels in Georgia Estuaries, and No, 72-8, Monitoring

Toxaphene Contamination in a Georgia Estuary, Georgia Mari~e Science



Center, Skidaway Island, Goergia. Copies of these two preceding re-

ports may be obtained by writing the address given on the frontispiece

of this report.

This research has focused on the interactions between toxaphene

contamination and estuarine ecology. The stream effluent from a toxa-

phene manufacturing plant drained directly into a tidal stream. The

plant, producing toxaphene for the past two decades, had released sig-

nificant toxaphene in its effluent so that a national estuarine shell-

fish pesticide monitoring program detected high levels of toxaphene in

shellfish some ten miles downstream. With the inception of more vigor-

ous pollution abatement procedures, the quantity of toxaphene effluent

has significantly diminished  several orders of magnitude! during the

past three years. This research quantifies the toxaphene content of

fauna, flora, sediment and water from the estuarine system receiving

the toxaphene wastes. Ecological comparisons based on species diversity

indices are made between this contaminated system  experimental! and a

pristine  control! area.

Methods

Field sampling centered in marshes east of Brunswick, Georgia and

west of Sapelo Island, Georgia. The marshes and streams near Terry

Creek  Brunswick! were selected because of the potential contamination

from a nearby toxaphene manufacturing plant, the effluent from which

drained into Terry Creek. The Duplin Estuarine Marsh near Sapelo was

utilized as a control, i.e. a salt marsh ecosystem not influenced by

any type of known contaminant. Field sampling was conducted in ten

randomly established quadrats in the Brunswick marsh area  Figure 1!
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Figure 1. Collection sites in Brunswick marsh area.



and ten adjacent quadrats in. the Duplin Estuary  Figure 2!. Collecting

intervals were monthly during the study period.

Pelagic organisms were collected with an otter trawl, 32 mm mesh

in bag and 3 meters wide at mouth of net towed from the R/V Striker.

Surface marsh fauna, flora and sediment were collected by hand. All

samples were iced, returned to the laboratory and immediately frozen.

Toxaphene analyses were conducted according to procedures estab-

lished by Wilson �969!, Durant and Reimold �972!, and Reimold and

Durant �973!. All concentrations are expressed in parts per million

 ppm! wet weight except ~S artina alternitlora which is expressed on a

dry weight basis. The relative recovery of toxaphene from oysters was

85/; from sediment, 90%%u. Data are not corrected for recovery error and

concentrations below 0.25 ppm were considered insignificant with the

exception of that included in water.

The catch from each trawl was sorted by species, the number of in-

dividuals were counted, and their biomass measured. The total length

of each finfish was measured to establish size/age classes. The trawL

data was then recorded on punch cards. Computations of species diversi-

ty indices were completed using an IBM 360-65 computer. Three differ-

ent species diversity indices were computed.

l. The Shannon-Wiener index:

H =-QP log P.
i i

where P. = proportion of the number of individuals in the i-th
i

species to the total number of individuals.

This index, used by Dahlberg and Odum �970! for estuarine fish diversi-

ty, increases as a function of increase in species number and increase
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in equitability of species abundance. Its maximum value is found when

the distribution is even and its minimum value when the distribution is

extremely skewed.

2. Index of "evenness" according to Pielou �966! r

J = H / log S

where S is the maximum possible value of H or the maximum diversity

possible, and H is the Shannon-Wiener index discussed above. J is

a scaled value of H in terms of logs with a value of 1 equal to the

most even population and a value of 0 equal to the most skewed

population.

3. Number of "moves" index, NM, as proposed by Fager �972!:

N~S+ 1 gR N
2 i i

where N = total number of individuals

N = number of individuals in the i-th species
i

S = total number of species

R = rank of species i

The latter index is based on the number of "moves" necessary to convert

an observed distribution of individuals among species into an even dis-

tribution. The values for NM are on a scale of 0 to 1 with 1 being

the most even distribution and 0 being the most skewed.

The three diversity indices  above! were computed not only from

the number of individuals collected  the usual data base for such com-

putation! but were also based an biomass. The later "biomass diversi-

ty" indices provide insight for comparisons on a weight rather than an

individual basis.



Computer analyses also provided a listing of the number of individ-

uals and numbers of species for each comparison made. Statistical re-

liabili,ty of the species diversity index H was determined according to

Hutchinson �970!. Significant differences are reported for H at the

95.0%%u, 99.0%%u and 99.9% confidence interval levels.

Results

The complete tabulation of all toxaphene analyses over the three

year period is listed in Appendix I. During the period from 1 August

1970 to 30 June 1973, over 530 analyses for toxaphene were completed.

In the early part of the study, toxaphene in excess of 500 ppm was

found in the Lesser Scaup and Pied-billed Grebe  January 1971!. Sedi-

ment toxaphene content prior to dredging  fall 1972! frequently ex-

ceeded 1800 ppm. The American oyster, considered ta be a good biologi-

cal monitor  Butler, 1969!, never demonstrated toxaphene concentrations

in excess of 3,9 ppm. Other estuarine organisms such as the salt marsh

cordgrass, ~Sartina alternif lore had toxaphene concentrations in excess

of 65 ppm during 1970-1971. The killifish, Fundulus sp., also demon-

strated toxaphene concentrations in excess of 80 ppm.

In general, toxaphene concentrations in estuarine organisms col-

lected during 1970 ranged from 0 to 500 ppm. During the last six months

of this study, January-June 1973, toxaphene concentrations in excess of

3 ppm were measured on.ly twice, once each in killifish and white shrimp.

Figures 3 through 7 summarize data depicting yearly average toxa-

phene concentrations of selected organisms. In Figures 6 and 7, data

from Terry Creek, the source of toxaphene plant effluent, were separated

from all other collection sites.
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The yearly average toxaphene content of the American oyster for

The average con.-all collection. sites combined is shown in Figure 3.

tent never exceeded 2.4 ppm. The yearly concentrations decreased dur-

ing the three year period; however, there is no significant difference

between 1971-1972 and 1972-1973.

In the white shrimp Penaeus setiferus, the head and thorax were

always analyzed separate from the abdomen  Figure 4!. The abdomen,

representing the edible portion of the shrimp, showed no significan.t

difference between the three yearly averages, ranging between 0.4 and

0.5 ppm. The head and thorax conversely showed significant differences

between each of the three year periods with concentrations during 1970-

1971 exceeding 4.5 ppm.

Figure 5 shows that. there was a significant decrease of toxaphene

in anchovies during each year of the study.

The killifish, Fundulus sp., were found to be the most sensitive

estuarine fauna to changes in toxaphene levels. Figure 6 depicts the

yearly average content of killifish from Terry Creek contrasted with

all other collection sites in the Brunswick marsh area. There was a

significant yearly decrease in toxaphene of killifish from all collec-

tion sites except Terry Creek. In Terry Creek there was a significant

decrease between 1970-1971 and 1971-1972 but no further decrease be-

tween 1971-1972 and 1972-1973. This might be explained by the dredging

activities in Terry Creek during fall 1972  Reimold and Durant, 1973 !,

The salt marsh cordgrass, ~gartina alter if el ! aaccumulated large

quantities of toxaphene during the first year of the study  Figure 7!,

Significant reduction in quantities of toxaphene were recorded during
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each of the three years of the study.

To integrate the potential effect oi toxapherre and its resultant

decrease in abundance of finfish, Figure g r as orepared. Any decrease

in biomass of trawl. samples, or any increas. in r oxaphene content of

trawl samples, causes an increase in this index of toxaphene influence.

During the three year period the index r er eased significantly for all

stations other than Terry Creek, the ef flue xt .-:.tr am. Terry Creek main-

tained a high index during the first year which significantly decreased

by August of 1972. The sudde~ increase ir. the index in Harch and April

of 1973 was associated with a significant increase in toxaphene content

of the manufacturing plant effluent. This resulted when. ditches drain-

ing the plant were c.leaned and new culverts in..tailed. Figure 9

depicts the monthly average apparent toxaphene content of hercules, Inc.

plant effluent from the Brunswick operations and during Harch and April

of 1973 when the changeover to full-scale waste ab'tement fac. lities

were completed.

Trawl collections in the marsh areas of Brunswick resulted in an

inventory of the numbers and biomass of at least one important commer-

cial fishery, the white shrimp. Figure 10 displays the seasonal varia-

tion in numbers and biomass from all collectiorr sites except Terry

Creek. During l970-1971, the apparent toxaphene pollutio~ affected all

the surrounding stations and consequently severely depressed the number

and biomass of white shrimp. This is also coni=irmed by the high average

toxaphene content of white shrimp during 1970-1971  Figure 4!. The

white shrimp were absent from Terry Creek until February 1972  Figure

ll!, and have been on the seasonal increase during spring 1973.
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This is also an indication of the lower apparent toxaphene content of

plant effluent.

Figure 12 contrasts the cumulative number of different species

collected by trawl during the three year period at Terry Greek. There

is a significant. i~crease in total cumulative numbers of different

species between each year of the study, This too may be associated

with a concurrent decrease in toxaphene content of plant effluent

 Figure 9!.

Species diversity indices computed on the basis of the number of

individuals collected by otter trawl are summarized in Tables 1-4.

Table 1 represents the data from the Duplin Estuary - control area,

Table 2 presents data from Terry Creek - site of toxaphene plant efflu-

ent, Table 3 represents data from all Brunswick areas except Terry

Greek, and Table 4 displays the indices for all Brunswick areas in-

cluding Terry Creek. Comparisons for each different diversity index

can be made between collection sites on a monthly as well as a yearly

cumulative basis, In the Duplin Estuary, considered as the control

area, the H Bar diversity index was 1.88, 1.85, and 1.80 for 1970 -1971,

1971-1972, and 1972-1973 respectively. Contrasted with this, the same

index for the same period in Terry Creek was 0.69, 1.20, and 1,72.

These are striking increases in species diversity which may be associ-

ated with the concurrent decrease in toxaphene content of plant efflu-

ent. In the three year period at yearly intervals, 65, 50, and 43

different species were collected in the Duplin Estuary, while in Terry

Creek, 3, 13, and 17 represent the number of species collected during

1970-1971, 1971-1972, and 1972-1973 respectively. Other comparisons

between months and collection sites for 3 index and NM index based on
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Table l. Monthly and cumulative species diversity indices and abundance
based on number of individuals in the Duplin Estuary.

IndexH Bar

650.0850.451.88

50302630.1110.471.85

4352470.1020.481.80

July '70
Aug. '70
Sept. '70
Oct. '70
Nov. '70
Dec. '70

Jan. '7l
Feb. '7l

Mar. '7l
Apr. '71
May '71
June '71

70/71 Cum.

July '71
Aug. '71
Sept. '71
Oct. '71

Nov. '7l
Dec. '71
Jan. '72
Feb. '72

Mar. '72
Apr. '72
May '72
June '72

71/72 Cum.

July '72
A g. '72
Sept. '72
Oct. '72
Nov. '72
Dec. '72

Jan. '73
Feb. '73

Mar. '73
Apr. '73
May '73
June '73

72/73 Cum.

2. 52

2.26

0.83

1.70

1.54

1.31

2.00

1.60

1.38

2.18

2.50
2.54

2.48

1.38

1.51

1 ~ 69

1.59

0,72
1.28

1.69

1.31

1.46

1.92

2,12

2.31
1,92

1.78

1.96

1.63

1.82

2.06

2.20
0.62

0.70

1 ~ 82

1.54

0.72

0.61

0.24

0.49

0.44

0.39

0.62

0.54
0.40

0.62

0.68
0.69

0.71

0.39

0.43

0. 50

0.44
0.23

0.50

0.66

0.48

0.52

0.66

0.67

0.72
0.61

0.58

0,72

0.66

0.73

0.76

0.86
0.21

0.23

0.65

0.60

0. 245

0.163

0.049
0.120

0,098

0.078

0.185

0,158

0.087

0.174

0.202

0.215

0.249

0.089

0.104

0.133

0.093

0.045

0.148

0.229

0 ' 124

0.111

0.218

0.201

0. 234
0.164

0.156

0.250

0.218

0.273

0.238

0.333

0.025

0.034

0.205

0.157

Individuals

2896

3953
19075

5153

3764

5697
1975

2429

5248

3008

2563
3352

59113

4671

5422

5340

3738

4117

4167

675
272

570

256

367

667

435
458

411

170
182

132

93

52
926

1947

269

172

S ecies

34
40

34

32

32

29

25

19

30

33

39

40

33

35
32
29

36
22

13

13
15

17

18

24

25

23
21

15

12
12

15

13
20

21

16

13
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Table 2. Monthly and cumulative species diversity indices and abundance
based on number of individuals in Terry Creek.

Individuals ~$t S eciesIndexH Bar

70/71 Cum. 0.387 1760.640.70

July '71
Aug. '71
Sept. '7l
Oct. '7l
Nov. '71

Dec. '71
Jan. '72
Feb. '72

Mar. '72
Apr. '72

June '72

71/72 Curn. 130.1261.20 0.47 490

July '72
Aug. '72
Sept. '72
Oct. '72
Nov. ' 72
Dec. ' 72
Jan. ' 73
Feb. '73
Mar. '73

Apr. '73
May '73
June '73

896 170 ' 2050.6172/73 Cum. 1.72

Oct.

Jan.

Feb.

Mar,

Apr.
Apr.
May
June

'70

1 71

1 7]

6, 71
27, '71

'7l
'71

0.11

0.69

0.10

0.00

0.26

0.00

0.64

0.64

0.00

1,22

0.10

0.00

0.00

0.47

1. 10

0.00

0.00

0.72

0.00

0.00

1,07

1.44

G. 00
0.00

0,87

1.37
1.23

0.88

0.72

1.18

1.57

1.08

0.15
0.00

0 ~ 14

0.00

0.37

0.00

0.92

0.92

0.00

0.58

0.15

0.00

G.OG

0.67
1.00

0.00

0,00

0.65

0.00

0.00

0.77
0.80

0.00
0.00

0.79

0.70
0.69

0.40

0.33
0.73
0.81

0.55

0.000

0. 000

0.020

0.000

0.000

0.000
0.500

0.500

0.000

0 ~ 200

0.000
0.000

0.000

0.267
1.000

0.000

0.000

0.349

0.000

0.000

0.400

0.160

0.000

0,000

0.000

0.104

0.255
0.093

0.064

0.360

0.352

0. 140

45
2

100

0
14

3
6

6

G

195

46

5

25

17

6

0

0

152

28

16

44

16

0 3 6
23

53
362

172
98

43

76

4

'6 0 1

3 7 6 9
9 5 7 7
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Monthly and cumulative species diversity indices and abundance
based on number of individuals in all Brunswick collection
areas except 'Zerry Creek.

Table 3.

ill Index d Individuals <~ld aciesH Bar

'70
'7l

'7l
I 7]
6, '7l
27, '71

'7l
I 71

70/71 Cum. 2.53 0.70 0.218 1738 37

71/72 Cum. 1.85 39490.51 0.101 39

72/73 Cum. 1.95 0.1150.54 3748 38

Oct.

Jan.

Feb.

Mar.

Apr.
Apr.
May
June

I 71
I 7]

l 71
'7l

1 71
1 7]
172
'72
l72
�2

'72

l 72

July
Aug.
Sept
Oct ~

Nov.

Dec.

Jan.

Feb.

Mar.

Apr,
May
June

July
Aug.
Sept
Oct.
Nov.

Dec.

Jan.

Feb.

Mar.

Apr.
May
June

I 72
I 72

'72

I72
l72
'73

'73
'73

'73
I 73

'73

1.47

1. 53

2.01

1. 99

1. 53

1.46

1.56

1.48

1.46

1. 15

1. 17

1.02

1.00

1.45

1.80

1.74

1.80

1.64

1.28

1.55

2.02

1.07

1.61

1.03

1 ~ 66

1.18

1.13

1.87

1 ~ 54

1.21

1.79

1.76

0.59

0.78

0.65

0.69
0.70

0.61

0,61

0.64

0. 54

0.48

0.47

0.35

0.40

0.60

0.65

0.66

0.62

0.64

0.56

0.67

0.71

0.42

0.73

0.57

0.72

0.57

0.45

0.69

0.57

0.42

0.65

0.63

0.153

0.250

0.199

0.177

0.234

0.189

0.149

0.183

0. 136

0. 135

0. 134

0.062

0.074

0,178

0.201

0.242

0.183

0.203

0.093

0.248

0.266

0.100

0.250

0. 151
0.292

0.183

0.111

0.245

0.155

0.085

0.209

0.185

150

27

948

140

87

160

128

98

389

417

493

655

241

159

216

296

593

262

65

163

333
389

54

59
115

186

454

352

371

783

422

230

12 7
22

18

9

11

13

10

15

11

12

19

12

ll

16

14

18

13
10

10

17

13 9 6
10 8
12

15

15

18

16

16
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Table 4. Monthly and cumulative species diversity indices and abundance
based on number of individuals in all Brunswick collection sites.

Individuals $~t S aciesindexH Bar

70/71 Cum. 19120.2060.692.49 37

July ' 71
Aug. '71
Sept. '7l
Oct. '71
Nova '71
Dec ~ '71
Jan. '72
Feb. '72
Mar. '72
Apr. '72
May '72
June '72

71/72 Cums 4044510.1040.521.90

0.118 4644 3972/73 Cum. 0. 54l. 97

Oct.

Jan.

Feb.

Mar.

Apr.
Apr.
May
June

July
Aug.
Sept

Oct.

Nov.

Dec.
Jan.

Feb.

Mar.

Apr.
May
June

I 70

171
'7l

'71

6, '71
27, '71

I7]

I 71

'72

I 72
'72

'72

I 72
'73

'73

1.29

1.52

2.05

1.99

1.44

1.45

1.67

1.57

1.46

1.30

1. 16

1.05

0.94

1.64

1.81

1.74

1.80

1 ~ 70

1.51

1.71

2.09

l. 17

1.61

1.00

1.65

1.30

1.34

1.67

1.38

1.23

1.85

1,80

0. 50

0.78

0.66

0.69

0.65

0.60

0.63

0.65

0. 54

0.49

0.45

0.35

0.38

0 ' 66

0.65

0.66

0.62

0.64

0.63

0.71

0.72

0.43

0.73

0.56
0.71

0.56

0.51

0.58

0.51

0.43

0.65

0.65

0.106

0,273

0,213

0.177

0.204

0. 185

0.164

0.191

0. 136
0 ~ 139

0. 122

0.062

0.066

0.215

0.201

0.242

0 ' 183

0.212

0.156

0.287

0.272

0.102

0,250

0.143
0.296

0.171

0.135

0.159

0.142

0.090

0.208

0.196

195

29

1048

140
101

163

134

102

389

624

539

660

266

176
222

296

593
414

93

179

377

405

54

62
121

209

507

714

543
881

465

306

13 7
22

18 9
ll

14

ll

15

14

13

20

12

12

16

14

18

14

ll
ll

18

15 9 6
10

10

14

18

15

18

17

16
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the number of individuals may be made directly from Tables 1 through 4.

A novel approach to comparison of the diversity is based not on

the traditional number of individuaIs and number of species, but rather

on the biomass of individuals con.trasted with the biomass of species.

Tables 5 through 8 list the same diversity indices as Tables 1-4 except

the data in Tables 5-8 is founded on the biomass data base. During

1970-1971, 1971-1972, and 1972-1973, the Duplin Biomass H Bar yearly

cumulative indices were 2.54, 2.43, and 2.56 respectively while those

in Terry Creek were 0.35, 1.24, and 2.20 respectively. With these

tables as before, other comparisons between index, collection site, and

month ar year may be made.

Figure 13 depicts the monthly variation in H Bar based on the num-

ber of individuals, for all collection sites for the study period, Qnly

during 1972"1973 does the diversity in Terry Creek resemble the diver-

sity of other collection sites.

Figure 14 presents the monthly variation in species diversity in-

dex, J, based on the number of individuals. This measure of diversity

demonstrates that from 1970 -1972, Terry Creek had a very uneven diver-

sity of fauna.

Similarly, the NM species diversity index based on the number of

individuals is portrayed in. Figure 15. Here the index attained 1.0 at

Terry Creek during January 1972 when the only organisms collected were

two star drum, two anchovies, and two grass shrimp.

Figures 16, 17, and 18 depict species diversity indices H Bar, J,

and NN, respectively, based on the biomass, for all collection sites

for the study period. These indices reflect a more realistic view of

the diversity and evenness of the fauna based on the biomass rather
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Table 5. Monthly and cumulative species diversity indices and biomass
based on biomass of travel collections from the Dupli.n Estuary.

IndexH Bar Biomass rams

July
Aug'
Sept.
Oct.
Nov.

Dec.

Jan.

Feb.

Mar.

Apr.
May
June

70/71 Curn. 2.55 0.61 0.137 1,353,906 65

71/72 Cum. 0.162 502.44 0.62

I 72
'72

'7Z
'72

'72
f72
'73

'73
'73
'73

73

430.68 0.21072/73 Gum. 2.56

July
Aug.
Sept.
Oct.

Nov.

Dec ~

Jan.

Feb.

Mar.

Apr,
y '

June

July
Aug.
Sept.
Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.
May
Jun.e

'70
'70

'70
'70
170

'70
'71

'7l
'7l

71
1 7]

'7l
I 71

'71

1 71
'71

I 7j
'7Z
172

I 72
'72
72

1.97

2.00

2,17

2.02

1.82

1.81

1.92

1.62

2.12

2.22

2.31

2.43

2.36
1.84

2. 15

l. 92

1.88

1.39

1.45

0.91

1.56

1.77

1.66

1,97

2.36
2.12

2.08
2.05
1.56

1.93

1.84

1.71

1.46

1.76

2.00

1.85

0.56

0.52

0.62

0.58

0.53

0.54

0.60

0.55

0.62

0.63

0.63
0.66

0. 67
0.52

0.62

0.57
0.52

0.45

0.57

0.36

0.58

0.62

0.57

0.62

0.72
0.68

0.68

0.76

0 ' 63

0.78
0.68

0.67
0.49
0.58

0,72

0.72

0. 147

0.137

0. 171

0. 161

0.130

0.137

0.186

0.156

0.186

0.188

0.186

0.195

0.21,7

0. 131

0.191

0.150

0.134

0.109

0.186

0.099

0.188
0.220

0.217

0.191

0.285
0.242

0.264

0.375
O. 236

0.376

0.264

0.251

0 ' 127
0.180

0. 313

0. 314

136,108
203,563
185,986

96,116
90,026
90,208
235481
61,594

111,645
105,339
143,181
106,666

127, 154
72,840
60,334
66,817
54,231
48,921

9,164
6,344
7,602
4, 993
7, 044

19, 005

484, 449

8,705
9~789
7, 137
2,091
3,008
1,781
1,659

835

7, 841
23, 240
4, 941
1, 130

72,157

34

40

34

32

32
29

25
19

30

33
39

40

33

35
32

29

36
22

13

13

15

17

18

24

25
23

21

15
12

12

15

13
20

21

16

13
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Table 6. Monthly and cumulative species diversity indices and biomass
based an biomass of trawl collections from Terry Creek.

8 Bar

70/71 Cum. 0.108 1,1720.35 0.32

July '71
Aug. '71
Sept. '71
Oct. '71

Nov. '71
Dec. '71
Jan. '72

Feb. '72
Mar. '72
Apr. '72
May '72
June '72

71/72 Cum. 130, 1420.48 3,2501.24

July '72
Aug. '72
Sept. '72
Oct. '72
Nov. ' 72
Dec. '72

Jan. '73
Feb. '73
Mar. '73

Apr. '73
May '73
June '73

14, 74272/73 Curn. 0.3682.21 0.78

Oct.

Jan.

Feb.

Mar .

Apr.
Apr.
May
June

'70
'71

'71

61 71
27% '71

'7l
I 71

0,02

0.26

0.43

0.00

0.05

0.00

0.19

0.26

0.00

1.20

0. 67

O. 00

0.00

0.47

0.72

0.00

0. 00

0.36

0. 00

0,00

0. 93

1.05

0.00

0.00

0.99
1.20

1.05

1.22
1.51

1.33

1.73

1.51

0.02

0.37

0.63

0,00

0.08

0.00

0.28

0.38

0.00

0.58

0.96

0.00

0.00

0.68

0.65

0.00

0.00

0.32

0.00

0.00

0.67

0.59
0.00

0.00

0.90

0.62

0.58

0.56
0.68

0.82

0.89

0.77

0. 001

-0.204

0.305

0.000

0.012

0.000

0. 064

0. 106

0. 000

0,233

0.765

0.000

0.000

0.363
-0 ' 591

0.000

0.000

0 ' 109

0.000

0.000

0 ~ 380

0.259
0.000

0.000

0.062

0.251

0.242

0.217

0.303

0.540

0.588

0.417

671

7

130

0

259

8

55

42

0

805

162

31

46

513

5

0

0

1,203
289

196

576

459

0 5
119

182

1,088
4,539
4,220
1,562
1~605

387
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Monthly and cumulative species diversity indices and biomass
based on biomass of trawl col.lections from all Brunswick
collection areas except Terry Creek.

Table 7.

Index Biomass ramsH Bar

71
I 71

70/71 Cum. 0. 1892.33 0.65 37

July '7l
Aug. '7l
Sept. '71
Oct. '71
Nov. '7l

Dec. '71
Jan. '72
Feb. '72

Mar. '72
Apr. '72
May '72
June '72

71/72 Cum. 0,61 0. 162 44,213 392. 23

July '72
Aug i 72
Sept. '72
Oct. '72

Nov. '72

Dec. '72
Jan. '73

Feb. '73
Mar. '73
Apr. '73
May '73
June '73

380. 14472/73 Cum. 0.582.10

Oct.

Jan.

Feb.

Mar.

Apr.
Apr.
May
June

'70

I 7I

1 7I

6,
27,

I 7j

0.90

1.59

1.63

2.06

1.29

1.60

1.21

1.07

1.43
1.72

1.47

1 ~ 02

1.92

1.15

2.19

2.09

2.09

1.31

1. 90

1.37

2. 14

1.47

1.24

1.29

1.74

1.30

0.94
2.06
1.67
1.76

1.84

1.78

0.36

0.82

0 ' 53

0.71

0.59

0.66

0.47

0.47

0.53
0.72

0.59
0.35

0.77

0.48
0.79

0.79

0,72
0.51

0.83

0.60

0.75

0.57

0.57

0.72

0.75

0.62

0.38

0.76
0.62

0.61

0.66

0.64

0.089

0.450

0. 138

0.282

0.228

0.277

0.135

0.163

0. 152

0.321

0.239

0.081

0.394

0.143

0.377

0.421

0 ~ 300

0.161

0.460
0.230

0.336
0.207

0.205

0.362

0.367
0.300

0.116

0.364
0,232

0.199

0.245

0.239

1,633
147

22,878
2,570
4,280
1,227
3,184
1,502

37,421

2,422
4,239
4, 538
4,229
I, 056
1, 958
1,924
4,907
9,403
6,023

311

3i203

3,267
2,972
2,694

314

1,482
1,415

15,881
6,670
9,340

10,761
7,425
2,888

65,109

12 7
22

18 9
11

13
10

15
Il

12

19

12

11

16

14

18

13

10

10

17

13 9
6

10 8
12

15
15

18

16

16



Table 8. Monthly and cumulative species diversity indices and biomass
based on biomass of trawl collections from all Brunswick
collection areas. t

S eciesIndex Biomas s r ams

'70

'7l
'71

6, '71
27, '71

l 71

'7l

70/71 Cum. 2.35 0.65 38,5190.191 37

71/72 Cum, 0.172 400.622.30

390.16272/73 CUGL. 0. 612.25

Oct,

Jan.

Feb.

Mar,

Apr.
Apr.
May
June

July
Auge
Sept
Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.
May
June

July
Auge
Sept
Octe

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.
May
June

'I 71

L 71
'71

I 7]
I 71

L72
L72
L72

'72
172

'72
L72

'72

'72
'72

'72

'73
'73

173
'73

'73

'73

0. 73

1.58
1.65
2.06

1.34
1.60

1.28

1.17

1.43

1. 84
1.56

1.06

1.91
1.43

2. 20

2,09
2.09

1.57

1 ~ 68

1.52

2.26

1. 75

1.24

1.30
1.72

1.55
1.11

2.08

1.86

1.76
l. 98

1.85

0.29

0.81

0 ' 53

0.71
0.61

0.67

0.48

0.49

0.53

0.70

0.61

0.35

0.77

0.57

0.79

0.79

0,72

0.59

0.70

0.63

0.78

0.65

0.57

0.73

0.75
0.67

0.42

0.72
0.69

0.61
0.70
0.67

0. 060
0.448

0.142
0.282

0.244

0.278

0.141

0.178

0. 152
0.291

0.252

0.084

0.385

0.197

0,380
0.421

0.300

0.207

0.314

0,255

0.366

0.268
0.205

0.376

0.360

0.334

0.130

0.298

0.276

0.202

0.278
0.264

2,230
154

235008
2,570
4, 540
1, 234
3, 239
1,544

2,422
5,044
4,700
4,260
1,103
2,471
1,929
4,907
9,403
7,226

600

3,399

47,464

3, 843
3,431
2, 694

320

1, 602
1, 597

16, 969
11,209
13,560
12,323
9~031
3,275

79,854

13 7
22

18 9
ll

14

11

15

14

13

20

12

12

16

14

18

14

11

11

18

15 9 6
10
10

14

18

15

18

17
16
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than the number of organisms of each different species collected.

Figure 19 displays the total number of individuals collected at

each different collection site during the study period. The variation

in the numbers of individuals in the Duplin Estuary represents the

control. There is a dramatic increase in the number of individuals in

Terry Creek during the three year period. This may be associated with

the concurrent decrease in toxaphene content of the plant effluent

 Figure 9!.

The results of the t test for significant variations in the species

diversity under H Bar are found in Tables 9-34. Table 9 contrasts

yearly variations of H Bar based on number of individuals while Table

10 contrasts yearly variations of H Bar based on biomass. It is of

importance to note that based on number of individuals  Table 9!, H Bar

for Terry Creek, 1973, is not significantly different from the Duplin

Estuary in 1973. This represents another quantitative indication that

Terry Creek has returned to a more natural condition with a diversity

comparable to the Duplin.

Tables ll through 22 present monthly comparisons of species diver-

sity H Bar, based on the number of individuals collected, from different

collection sites. Tables 23 through 34 present monthly comparisons of

species diversity H Bar, based on biomass, for different collection

sites. These provide quantitative comparison on a yearly and monthly

basis for significant variation in the species diversity index, H Bar.

Discussion

As the toxaphene content in the plant effluent decreased during

the three year study period, the toxaphene content of fauna, flora and
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sediments decreased also. Concurrent with this was a significant in-

crease in species diversity of the Brunswick marsh area, especially

Terry Creek. The quantitative results of the research indicate a sig-

nificant improvement in the health and diversity of the ecosystem from

July 1970 through June 1973.

The species diversity indices computed for this study demonstrate

several important features. Dahlberg and Odum �970! found H Bar diver-

sity indices between 0.8 and 1.8 in monthly samples taken from another

uncontaminated coastal estuary. In the present study, the control area

 the Duplin Estuary! had H Bar diversity indices ranging from 0.8 to

2,5. Only during the third year �972-1973! did Terry Creek attain a

diversity index similar to the Duplin Estuary. Although seasonal dif-

ferences occur in species composition of the fauna, the diversity index

8 Bar appears to be a good quantitative assesssment of the evenness of

diversity.

The purpose of this research was to document the interactions be-

tween toxaphene contamination and estuarine ecology. In addition to the

data assembled in this report, several publications have results from

this research. These are:

Reimold, R. J. and C. J. Durant. 1972. Survey of Toxaphene Levels in

Georgia Estuaries. Georgia Marine Science Center. Technical

Report Series Number 72-2. Skidaway Island, Georgia. 51 pp.

Reimold, R. J. and C. J. Durant. 1972. Monitoring Toxaphene Contami-

nation in a Georgia Estuary. Georgia Marine Science Center.

Technical Report Series Number 72-8. Skidaway Island, Georgia.

19 pp.
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Durant, C. J. and R. J. Reimold. 1972, Effects of Estuarine Dredging

of Toxaphene Contaminated Sediments in Terry Creek, Brunswick,

Georgia, 1971. Pesticide Monitoring Journal 6�!:94-96.

Reimold, R. J. and C. J. Durant. 1973. Toxaphene Content of Estuarine

Fauna and Flora Before, During and After Dredging Toxaphene Con-

taminated Sediments. Pesticide Monitoring Journal  in press!.

In addition, numerous oral presentations have been made at scien-

tific meetings and hearings. As a result of this final manipulation of

the three years of data, a manuscript is currently being drafted on the

relationships between species diversity indices and natural or contami-

nated salt marsh ecosystems.
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