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P.O.BOX 529100MIAMI,FL33152

FLORIDA POWER 8 LIGHT COMPANY
t1urch 28, 1980
L-80-106

hr. James P. O'Reilly, Director, Region II
Office of Inspection and Enforcement
U. S. Nuclear Regulatory Commission
101 tlarietta Street, Suite 3100
Atlanta, Georgia 30303

D ar Hr. O'Reilly:

Re: St. Lucie Unit 1

Docket No. 50-335
II~Rdi 1 i 1E i t~ll< ie i ~ReN

In accordance with Appendix 8, Section 5.6.l.a of the St. Lucie Environmental
Technical Specifications and Regulatory Guide 10.1, Florida Power & Light
Company submits herewith two (2) copies of Non-Radiological EnvironIIental
Monitoring Report No. 4.

This report consists of three volumes. Volume I summarizes the abiotic
monitoring for 1979. Volumes II and III discuss biotic monitoring.

Yours very truly,

Robert E. Uhrig
Vice President
Advanced Systems & Technology

REU/TCG/ah

Enclosures

cc: Director, Office of Inspection & Enforcement (1)
Director, Office of Nuclear Rea- or R gulation ( 17)
Harold F. Reis, Esquire (w/o enclosure)
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EXECUTIVE SUMMARY

VOLUME 1

Introduction

This document is the fourth consecutive annual report on

abiotic monitoring at the Florida Power 8 Light Company St. Lucie

Plant. It is Volume I of three volumes submitted in accordance

with the St. Lucie Unit No. 1 Environmental Technical Specifications,

Appendix B, Section 5.6.l.a. The report covers the period from

January 1, 1979 through December 31, 1979.

Thermal

Four thermal limitations are required by the Environmental

Technical Specifications (ETS): 1) discharge canal maximum

release temperature (111 F); 2) maximum temperature rise across the

condenser (26 F); 3) maximum temperature within the zone of mixing

(93 F) and 4) maximum surface temperature rise over ambient within

the zone of mixing (5.5 F).

Analysis of the thermal data as specified in the preceding

paragraph showed that the only'TS violation which occurred during

1979 was for "maximum surface temperature rise over ambient within

the zone of mixing." The length of time for which the temperatures

were in excess of the ETS limitation were relatively brief.

An assessment of the thermal effects on the offshore marine

environment caused by the operation of the St. Lucie plant is

presented in Volumes II and III of the Annual Report. No significant

adverse environmental impact could be attributed to plant operations

during 1979.

11



Chemical

Chemical monitoring was conducted during 1979 in the discharge

canal at the St. Lucie Plant for dissolved oxygen, pH, salinity,

heavy metals and total residual chlorine. Dissolved oxygen and

heavy metals were also monitored in the intake canal.

Dissolved oxygen was not significantly depleted in the

condenser cooling water during plant passage.

Total residual chlorine values were well below ETS limits

for the entir e year.

Heavy meta'I concentrations were generally within the expected

ranges with only a few random instances of concentrations above

minimum detection limits of the instruments used in analysis.

Additionally, no adverse environmental impacts are believed to

have occurred from the presence of the noted chemicals.

The pH values were within the normal ranges of nearshore

oceanic waters.
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A. INTRODUCTION

In 1970, Florida Power & Light Company {FPL) was issued a

construction permit by the United States Atomic Energy Commission

(now Nuclear Regulatory Commission) for the construction of Unit No. 1

of the St. Lucie Plant, and 810-megawatt nuclear-powered electric

generating station on Hutchinson Island in St. Lucie County,

Florida.

Unit No. 1 was placed on-line in March 1976. Plant operation

was intermittent in 1976, but was base loaded throughout 1977, 1978

and 1979, except for repair and refueling outages. The condenser

cooling water is provided by a once-through circulating water

system which consists of intake and discharge pipes in the ocean

linked by canals to the plant. Cooling water is drawn from the

Atlantic, Ocean through an intake structure located 365 m (1,200 ft)
offshore. The intake structure is covered with a concrete velocity

cap, the top of which is approximately 2.4 m {8 ft) below the water

surface. From the intake point, water is drawn into the intake

canal through a pipe buried under the dunes and ocean bottom.

The 90 m (300 ft) wide canal carries the cooling water about

1,500 m (5,000 ft) to the plant intake structure where pumps provide

a design flow of 33,400 liters/sec. (530,000 gpm). The cooling

water then moves through the intake screens, passes through the

plant and is released into the discharge canal.

The temperature rise of the water passing through the condensers

is limited to 26 F (14.3 C). After leaving the plant, the heated

water passes through a 60 m (200 ft) wide discharge canal before.



entering a pipe buried under the dune and the ocean floor. The

water is carried about 365 m (1,200 ft) offshore and discharged

through a Y-port nozzle located, approximately 9 m (30 ft) below

the water surface. The discharge pipe is located 730 m (2,400 ft)
north of the intake pipe.

The purpose of chemical and thermal limitations and monitoring

is to provide a reasonable assurance that the aquatic ecosystem

in the area of the thermal plume will be subjected to no unacceptable

environmental impact. It is also desirable to maintain the quality

of receiving body of water so that human uses of the water are

protected, and so that local aquatic biota do not suffer adversely

from exposure to any chemical discharges.

This document provides a report of the abiotic monitoring

programs for the period from January 1, 1979 through December 31,

1979. Also included herein are discussions of various reports

and studies (Sections D, E and G) prepared or performed during

1979 which are required by the ETS. Submitted simultaneously

with this volume (Non-Radiological Environmental Monitoring Report,

Volume I, 1979) are two other volumes (Non-Radiological Environmental

Monitoring Report, Volumes II and III), which describe the biotic

monitoring carried out during 1979. Together, these three volumes

satisfy the requirements of St. Lucie Unit No. 1 Environmental

Technical Specifications, Appendix B, Section 5.6.1.a.

A-2



B. THERMAL (ETS 3.1.A.5 )

Introduction

Four thermal limitations are prescribed by the St. Lucie

Unit 1 Environmental Technical Specifications (ETS): 1) discharge

canal maximum release temperature (111 F or 44 C); 2) maximum
0 0

temperature rise across the condenser (26 F or 14.3 C); 3) maximum0 0

temperature within the zone of mixing (93 F or 34 C); and 4) maximum0 0

surface temperature rise over ambient within the zone of mixing

(5.5 F or 3.1 C).

Data were collected for item (1) using a temperature sensor

located near the discharge canal terminus. The output from the

sensor is recorded continuously on a strip chart located in a

structure near the sensor. Data for item (2) are obtained from a

series of RTD sensors located in the intake and discharge water

lines. Output is transmitted to the reactor control room where

it is logged hourly.

Items (3) and (4) are monitored using self-contained continuous

recording thermographs located near the ocean intake and at the predicted

location of the discharge surface plume maximum temperature.

MAXIMUM DISCHARGE CANAL WATER TEMPERATURE

The maximum discharge canal water temperature was determined:

and tabulated (Table B-1) for each day that the plant was operating

during 1979. As can be seen in the tabulation, no single canal

temperature was dominant for the entire reporting period.

The variation in ambient inlet water temperature coupled

with fluctuations in power plant thermal output are responsible for





the relatively wide fluctuations of discharge canal temperatures.

Figure B-1 graphically illustrates the varied maximum discharge

canal temperatures observed during 1979 and compares them with

observed values during 1978. The maximum discharge canal release

temperature limit of 111 F was not exceeded during 1979.

MAXIMUM CONDENSER TEMPERATURE RISE (Condenser bT)

ETS 2. 1.2 states:

"Under normal, full power operation, the temperature

rise across the condenser shall not exceed 26 F or

14.3 G . Under the following conditions, the condenser

temperature rise shall not exceed 35 F or 20 C for

greater than a 72-hour period: 1) Condenser and/or

circulating water pump maintenance; 2) Throttling circulat-

ing water pumps to minimize use of chlorine; 3) Fouling

of circulating water system."

Table B-2 shows a tabulation of condenser b,T values for 1979.

Figure B-2 is a comparison of 1978 and 1979 data. Review of Figure

B-2 shows that the plant operated. near the design temperature rise

the majority of the time. All reported values which exceeded the

26 F limitation were the result of one or more of the stated conditions.

Only one temperature was reported above the 35 F limitation; it
occurred for less than the 72-hour required limit, and thus was not

in violation of the Environmental Technical Specifications.

MAXIMUM TEMPERATURE WITHIN THE ZONE OF MIXING
4

Table B-3 summarizes the maximum daily surface temperatures

reported within the ocean discharge zone of mixing during 1979.

B-2



The maximum temperature observed in the zone of mixing during

1979 was 92 F. Thus, all temperatures measured in the ocean

mixing zone were within the 93 F ETS limitation.

As in previous years, 1005 retrieval of surface plume

temperature data was not achieved due to suspected vandalism as

well as exposure to an extremely harsh environment. These

factors resulted in loss of data as reported in Section G,

Reportable Occurrences, of this report.

Figure B-3 shows a comparison of ocean mixing zone maximum

temperatures for 1978 and 1979. It can be seen that temperature

ranges and frequencies for the two years are similar.

MAXIMUM SURFACE TEMPERATURE RISE - ZONE OF MIXING ( hT)

Daily surface temperature rises above ambient in the ocean zone

of mixing are sumnarized in Table B-4. As has been the case with

other data obtained from the thermographs, 100/ data retrieval was

not possible for the 1979 reporting period. These factors resulted

in the loss of data as reported in Section G, Reportable Occurrences,

of this report.

Some time periods were observed when the discharge zone of

mixing temperature was less than the ocean intake area temperature

resulting in negative hT values. This was believed to be caused

by time delay in passage of water through the plant, variations in

ocean surface temperatures and surface currents.

Figure B-4 compares 1978 and 1979 data and illustrates the

variations which occurred in measuring temperatures under the

stated conditions.

B-3
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TABLE B-1

ST. LUCIE PLANT
MAXIMUM DISCHARGE CANAL TEMPERATURE

TEMPERATURE DURATION

Number of
~oa s

1

0
2
10
15
12
8
18
8
20
11

18
8
16
15
19
12
20
15
17
3
14
3
2
2
2
2
2
0
1

1

7
0
0
0
1

0
0
0
1

1

0
2

Maximum
Tem erature F

ill
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71

70
69

X of Operating~D
0.4

0
0.7
3.5
5.2
4.2
2.8
6.2
2.8
6.9
3.8
6.2
2.8
5.5
5.2
6.6
4.2
6.9
5.2
5.9
1.0
4 ~ 8
1.0
0.7
0.7
0.7
0.7
0.7

0
0.4
0.4
2.4

0
0
0

0.4
0
0
0

0.4
0.4

0
0.7

Accumulated
5 of 0 eratin Da s

0.4
0.4
1.0
4.5
9.7

13. 8
16. 6
22.8
25. 6
32,5
36. 3
42. 6
45. 3

50. 8
56. 1

62. 6
66. 8
73. 7
78. 9
84. 8
85. 8
90. 7
91. 7
92. 4
93. 1

93. 8
94. 5
95. 2
95.2
95. 5
95. 8
98.3
98.3
98.3
98.3
98.6
98. 6
98. 6
98. 6
99. 0
99. 3
99.3

100.0
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TABLE B-2

ST. LUCIE PLANT
MAXIMUM CONDENSER 6 T

TEMPERATURE DURATION TABLE

Number of
Daars

Maximum hT % Of Operation
F ~0 Accumulated %

Of 0 eratin Da s

1

0
0
0
1

0
3
1

6
4
9
14
116
72
35
1

3
1

0
1

1

1

1

0
1

1

1

0
1

1

36*
35
34
33
32
31
30
29
28-
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7

0.4
0
0
0

0.4
0

1.1
0.4
2.2
1.4
3.3
5.1

42. 0
26. 1

12. 7
0.4
1.1
0.4

0
0.4
0.4
0.4
0.4

0
0.4
0.4
0.4

0
0.4
0.4

0.4
0.4
0.4
0.4
0.7
0.7
1.8
2.2
4.3
5.8
9.1

14.1
56. 2
82. 2
94. 9
95. 3
96. 4
96. 7
96. 7
97.1
97. 5
97.8
98.2
98.2
98. 6
98. 9
99. 3
99. 3
99. 6

100. 0

* Two circulating water pumps off for maintenance. 72 hour ETS limitation
of 35o f was not exceeded.
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TABLE B-3

ST. LUCIE PLANT
ZONE OF MIXING MAXIMUM TEMPERATURE

TEMPERATURE DURATION CURVE

Number of
~Da a

2
2
4
6
14
7
16
14
23
9
17
10
ll
ll
2
3
5
9
ll
11

10
5
9
4
3
2

Maximum Temperature
F

92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67

X of Total Days
of Data Collection

0.9
0.9
1.8
2.7
6.4
3.2
7.3
6.4

10. 5
4.1
7.7
4.5
5.0
5.0
0.9
1.4
2.3
4.1
5.0
5.0
4.5
2.3
4.1
1.8
1.4
0.9

Accumulated X of
Da s of Data Collection

0.9
1.8
3.6
6.4

12. 7
15. 9
23.2
29.5
40. 0
44. 1

51. 8
56. 4
61. 4
66. 4
67. 3
68. 6
70. 9
75. 0
80. 0
85.0
89. 5
91. 8
95. 9
97. 7
99. 1

100. 0

B-6



TABLE B-4

ST. LUCIE PLANT
ZONE OF MIXING MAXIMUM SURFACE TEMPERATURE RISE

TEMPERATURE DURATION CURVE

Number Of
~Da s

2
0
1

0
4
0
1

0
4
0
0
5
0
5
0
5
3
6
0
0
8
1

18
0
7

5
3
0
0
7
3
10
0
0
5
1

0
0
3
2
4
0
6

Maximum 6 T
F

8 ]*
5.5
5.4
5.3
5;2
5.1
5.0
4.9
4.8
4.7
4.6
4.5
4.4
4.3
4.2
4.1
4.0
3.9
3.8
3.7
3.6
3.5
3.4
3.3
3.2
3.1
3.0
2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4

% Of Total Days Of
Data Collection

1.3
0

0.6
0

2.5
0

0.6
0

2.5
0
0

3.2
0

3.2
0

3.2
1.9
3.8

0
0

5.1
0.6

11. 4
0

4.4
3.2
1.9

0
0

4.4
1.9
6.3

0
0

3.2
0.6

0
0

1.9
1.3
2.5

0
3.8

Accumulated % Of Days
Of Data Collection

1.3
1.3
1.9
1.9

4.4
5.1
5.1
7.6
7.6
7.6

10. 8
10. 8
13. 9
13 ~ 9
17.1
19. 0
22.8
22. 8
22. 8
27. 8
28. 5
39. 9
39.9
44 '
47.5
49.4
49.4
49 '
53.8
55. 7
62. 0
62. 0
62. 0
65. 2
65. 8
65. 8
65.8
67.7
69.0
71. 5
71. 5
75,3
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TABLE B-4

ST. LUCIE PLANT (Cont.)
ZONE OF MIXING MAXIMUM SURFACE TEMPERATURE RISE

TEMPERATURE DURATION CURVE

Number Of
~Da s

Maxipum 6 T
F

% Of Total Days Of
Date Collection

Accumulated % Of Days
Of Data Collection

1

0
0
0
0
0
0
0
8
0
0
0
0
0
30

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
< 0

0.6
0
0
0
0
0
0
0

5.1
0
0
0
0
0

19. 0

75. 9
75. 9
75. 9
75. 9
75. 9
75. 9
75.9
75.9
81. 0
81. 0
81. 0
81. 0
81. 0
81. 0

100. 0

* Two Out-Of-Specification, hT values, were reported in February, 1979.
A subsequent, more intensive analysis of the raw data and evaluation
of the thermograph instruments'istory indicated a high probability
that these b, T's are the result of an instrument malfunction not
detected on the initial inspection of data. The recalculated values are
fully explained in Section G. of this report.
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C. CHEMICAL ETS 3.1.A. 1 throu h 3.1.A.4 )

INTRODUCTION

Tables C-1 and C-2 summarize the chemical monitoring program

for 1979 associated with the operation of the cooling water

system at the St. Lucie Plant. Dissolved oxygen (D.O.), pH,

salinity, heavy metals and total residual chlorine (T.R.C.) were

monitored in the discharge canal. Dissolved oxygen and heavy

metals were also measured in the intake canal.

TOTAI RESIDUAL CHLORINE (ETS 3.1.A.1 )

During 1979 total residual chlorine levels ranged from below

the instrument maufacturer's specified analytical detection limit of

0.01 ppm to a high of 0.03 ppm. All reported values were well

below the ETS limit of 0.1 mg/L at-the terminus of the discharge

canal. Due to the very low residual chlorine values it is believed

that no adverse environmental impact occurred as a result of

chlorination at the St. Lucie Plant.

Section D. of this report describes the St. Lucie Plant's

Minimum Effective Chlorine Usage Program as required by the ETS.

HEAVY METALS (ETS 3. 1.A.2 )

The purpose of heavy metals monitoring was to detect any

measurable concentrations above ambient seawater levels which could

be attributed to cooling water passage through the plant.

Table C-2 shows the intake and discharge canal heavy metals

concentrations measured during 1979. Values for arsenic, chromium,



copper, lead and mercury show no measurable increase in concentration

after plant cooling system passage.

Values obtained for nickel showed an increase in nickel

concentration of 0.03 mg/L for the samples obtained in April.

No specific conclusions could be drawn from this data, since this

is the only time that nickel was observed above detectable levels

in intake or discharge canal water for 1978 and 1979.

Relatively small amounts of zinc were detected in some intake

and discharge water'samples during 1979. Table C-2 illustrates a

rather random occurrence of zinc during the sampling. All values

are near minimum detection limit, except for the November discharge

sample for which no explanation was apparent.

Iron was routinely found in all intake and discharge canal

samples in relatively low concentrations. The only value of

potential interest was an elevated September discharge sample, for

which no explanation could be offered.

None of the heavy metal concentrations observed during 1979

are believed to have resulted in any adverse environmental impact

to the nearshore ecosystem at the St. Lucie Plant site.

pH (ETS 3.1.A.3 )

The purpose of pH monitoring in the discharge canal was

to insure that the pH of once-through cooling system water was

not being altered by plant passage when compared to the generally

accepted pH levels for nearshore marine waters. The pH for the

1979 samples ranged from 8.1 to a 8.4, thus the pH is stable and

within the normal range of these waters.

C-2
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DISSOLVED OXYGEN (ETS 3.1.A.4 )

Dissolved oxygen was monitored in the intake and discharge

canals to determine the effect of plant cooling water system

passage. As can be seen in Figure C-l, dissolved oxygen concentra-

tions are generally unaffected by plant passage. The very slight

depletion occurring between intake and discharge waters is not

unexpected due to the heating of water during passage through

the plant condensers. No adverse environmental impact was believed

to have occurred from the minimal dissolved. oxygen depletion

observed during 1979.

SALINITY

Salinity monitoring was required only through January 23, 1979,

since it was deleted from the ETS by Amendment 29 to Operating

License DPR-67 on that date. Salinity data gathered between

January 1, 1979 and January 23, 1979, as tabulated in Table C-l~

ranged from a low of 33.7 o/oo to a high of 35.5 o/oo and

revealed no values considered unusual for nearshore marine environ-

ments.
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ST. LUCIE PLANT UNIT NO. 1
CHEIIICAL PARAMETERS

TABLE C-1
JANUARY 1979

DAY
INTAKE

D. O. oH

8.2
8.2

D.O. SALMalR

35. 5

34. 2

DISCHARGE

T.R.C.
REMARKS

4

10

13

15

17

18

19

20

21

22

23

26

27

29

3j

6.5

6.6

6.9

6.5

7.0

8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2

6.2

6.3

6.7

7.5

7.3

34. 4

34. 5

34.5
34. 2

34.1
35. 0

35. 2

33. 8

34. 0

33. 9

34.0
34. 0

34.0
33.7
33. 8

33. 8

33.
34. 0

34. 0

34. 0

35. 0

.01

.02

.01

0.1

.00

NOTZS:
Dissolved Oxygen in ppm.

Salinity in ppt. (Deleted from ETS effective January 24, 1979)
3 Total Residual Chlorine in ppm.
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont. )
FEBRUARY 197 9

DAY
INTAKE

D. O.
l

8.2
8.2
8.2
8 2

8.2

DISCHARGE

D.O. T.R.C.2
REMARKS

6.. 6.7

10

12

8.2
8.2
8.2
8.2
8.2
8.2
8.2

< F 01

13

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

7.2

7. 18

6. 55

8.2

8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2

7.28

7.30

6. 37

<.01

<.01

< .01

31

ilo~is: lDissolved Oxygen in ppm.
..Total Residual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PAIU24ETERS

TABLE C-1 (Cont.)

DAY
D.O.

8.2

DISCHARGE

D.O. l 2T.R.C.
REMARKS

4

8.2

- 8

9

12

13

15

16

17

18

19

20

22

23

25

26

27

29

31

6.7

6.6

6.7

6.6

8.2

8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.2

8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1

6.6

6.6

6.4

<. 01

<. 01

.01

0.015

<. 01

Ch O96aee31-316

NOT-S:
Dissolved Oxygen in ppm.

2Total Residual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 {Cont.)
APRIL 1979

DAY

. 2.

3

5.
- 6

10

INTAKE
D. O.

6.4

9.0

8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3

DISCHARGE

D,O.

6.4

9.0

T.R.C.2
REMARKS

Refuelin
~o chlorinati

13

14

16

17 6.4
18

20

21

22

23

24 6.4
25

27

28

29
"n

31

8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2

6.4

6.5

NOTES:
Dissolved Oxygen in ppm.

..Total Residual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL.PARAMETERS

TABLE C-1 (Cont.)
Month mY 1979

DAY

5

10

12

13

14

15

16

17

19

20

21

22

23

24

25

26

27

29

31

INTAKE
D. O.

6.5

6.5

6.6

6.2

6.4

.8. 2

8.2
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.4
8.3

DISCHARGE

D.O.

6.5

6.6

6.2

6.4

T. R.C.2
REMARKS

Refuelin
No chlorinati

NOTZS:
Dissolved Oxygen in ppn.

2Total Residual Chlorine in ppn
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAbKTERS

TABLE C-1 (Conh. )
JUNE 1979

DAY

10

12

13

16

17

18

19

20

21

22

23

25

26

27

28

29

31

INTAKE
D. O.

6.4

6.0

6.2

6.0

8.3
8.4
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.2
8.3
8.2
8.3
8.2
8.2
8.3
8.2
8.3
8.2
8.3

DISCHARGE

6. 49

5.6

5. 70

6. 22

T. R.C.2

.03

.03

REMARKS

Refueling
No chlorinatio

NOTZS':
Dissolved Oxygen in ppm.

„Total Res 'ual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont.)
ont> J~Y 1979

DAY

2

4

10

14

15

16

18

20

21

22

23

24

26

27

28

29

3%

INTAKE
D. O.

5. 80

6. 20

5. 80

7.20

7. 20

H

8.3
8.2
8.2
8.2
8.2
8.2
8.2
8 ~ 2

8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2

8.2
8.1
8.2
8.1
8.2
8.1
8.1
8.1
8.2

DISCHARGE
D.O."

5. 60

5. 70

5. 50

6.80

6. 70

T. R.C.-2

(.01

.03

.02

.02

REMARKS

NOT=3:
Dissolved Oxygen in ppm.

2Total Residual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont.)
h AUGUST 1979

DAY

10

12

13

14

15

17

18

19

20

22

23

25

26

27

28

29

31

INTAKE
D. O.

5.9

6.6

5.9

5.8

8.2
8.2
8;2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2

8.2
8.2
8.1
8.2
8.2
8.2
8.2
8.2

8.2
8.1
8.2
8.2

DISCHARGE

D.O.

5.6

6.2

5.8

5.2

T.R.C.2

.01

.02

.01

0. 02

REMARKS

NOTES:
Dissolved Oxygen in ppm.

2Total Residual Chlorin in ppn
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ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont.)
Month

DAY
INTAKE

D. O.

8.2
8.2

DISCHARGEl
D.O T R.C.2

REMARKS

10

13

jd
15

17

18

19

20

22

23

25

26

27

28

29

31

5.5

7.2

6.9

6.8

8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.1
8.1
8.1
8.1
8.1

5.2

6.6

6.4

6.9

.01

.02

.01

.01

D nqt
9/22-9/30

NOTES-
1Dissolved Oxygen in ppm.
2Total Residual Chlorine in ppm
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ST- LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont.)
Month

DAY

10

12

13

14

16

17

19

20

21

22

23

24

25

26

27

28

INTAKE
D.O

5.9

6.0

6.0

5.8

6.2

H

8.1
8.2
8.2
8.2
8.2
8.2

8.2
8.2
8.2

8.2
8.2
8.1
8.1
8.2
8.1
8.1
8.1
8.1
8.1
8.1

8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1

DISCHARGE

D.O.

5.9

6.0

6.0

5.8

6.1

2T.R.C.

.02

.02

.02

.03

REMARKS

QQc

10/15-10/23

i40i=S:
L ~Dissolved Oxygen in ppm.
".,Total Residual Chlorine in ppm



ST. LUCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS

TABLE C-1 (Cont.)
NOVEMBER 1979

DAY

10

,12

13

14

15

16

17

1S

19

20

21

22

23

25

27

29

33

INTAKE
D. O.

6.6

6.2

6.4

6.7

8.1
8.2
8,2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.2
8.1
8.1
8.2
8.1
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1

8.1
8.2
8 2

8.2

DISCHARGE

D. O.

6.6

6.2

6.3

6.6

T. R.C.2

.02

,01

.02

.02

REMARKS

NOTES:
Dissolved Oxygen in ppm.

2Total Residual Chlorine in ppm
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ST. LUCZE PLANT UNZT NO. 1
CHEMZCAL PAINTERS

TABLE C-1 (Conh.)
DECEMBER 1979

DAY
ZNTAEH

D. O.
l DZSCHARGE

1D.O. T.R.C.2
REMARKS

4

10

13

14

15

16

17

20

21

22

23

24

25

27

29

31

5.8

5.7

6,1

6.1

8.2
8.2
8.2

8.2
8.2
8.2
8.2
8.2

8.1

8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.2
8.2
8.2
8.2

6.0

5.6

5.9

6.0

.02

.01

.01

.02

NCGZS: lDissolved Oxycren in ppm.
. Total Residual Chlorine in ppm
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ST. LUCIE PLANT UNIT NO. 1
HEAVY METALS

TABLE C-2

A. INTAKE YEAR 1979

ARSENIC CHROMIUM COPPER IRON LEAD MERCURY NICKEL . ZINC

JAN

APR.

<0.002

<0.002

<0.002

.02

.02

.02

~ 02

~ 02

< .02

< .02

< .02
< .02

< .02

< .02
< .02

.32

.34

.14

.42

~ 18

.05

< .05
< .05
< .05

< .05

< .05

< .o5

.A)002

.0002

.0002

<,.0002
.0002

.0002

. <.O2..
<.02

„< .02

.12

< .02

<.O2

< ..O2....

.0?

.03

.02

< -.02

< .O2

JULY <0 0 < .O2 <.O2 .08 < .05 . 0002 .02 ". 03

AUG.

SEPT.

OCT.

NOV.

DEC.

<0.002

<0.002

<0.002

<0.002

.02

.02

~ 02

~ 02

~ 02

< .02

< .02

< .02

< ~ 02

< .02

.06

.05

.26

.33

.35

< .05

< .05

< .05

< .05

< .05

.0002

.0002

.0002

.0002

.0002

<.02
< .02

<.02
< ~ 02

< ~ 02

.02

.02

.02

.02

.04

B. DISCHARGE

JAN

FEB.

AUG.

SEPT.

OCT.

ARS itI

<0.002

< 0.002

<0.002

<0.002

<0.002

<0.002
<0.002

.02

~ 02

.02

~ 02

< .O2 .

.02

.02

.02

.02

.02

D'P

<.02
< .02

< .02

< ~ 02

< .02

< .02
< .02

< .02

< .02
< .02

.21

.08

.12

.25

.05

.06

.07

.05

1..40
.24

< .05

< .05

< .05

< .05

< .05

< .05
< .05

< .05

< .05
< .05

2

.0002

.0002

.0002

~ 0002

.0002

.0002

. 0002

. 0002

.0002

.0002

<.02

<.02

< ~ 02

.15

<.02
.02

< .02

< .02

< .02

< ~ 02

L2

~ 02

~ 02

< .03

.02

.02

.02

.03

.02

.04
~ 02

NOV. <0.002

DEC. 0.0

.02

.02

< .02

< .02

.30

.26

< .05

< .05

.0002

.0002

<.02

< .02

.10

.05

NOTE: 1 Results in PPM

2 Results in mg/L
*Samples lost

C-16
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D. MINIMUM EFFECTIVE CHLORINE USAGE STUDY PROGRESS REPORT (ETS 4.2)

A chlorine solution is added to the seawater passing through

the plant ahead of the plant intake structure for biofouling control.

The chlorinated seawater subsequently passes through the main

condensers and component cooling water heat exchangers and finally

into the discharge canal.

During 1977 and 1978 data were obtained in an attempt to

relate condenser efficiency to chlorine injection rates. It was

determined that they were apparently unrelated. Additionally,

observations of the level of biofouling were carried out on the

component cooling water heat exchangers, where efficiency testing

was impractical. Visual observations of the condenser inlet water

boxes, during 1978, after utilizing varying chlorine injection rates,
t

indicated that an injection rate sufficient to yield a 1.S ppm

free residual chlorine concentration at the outlet waterbox was

necessary for biofouling control. As of the end of 1978 plant

personnel were unable to inspect the condition of the component

cooling water heat exchangers in order to assess the effect of

these chlorine injection rates. As stated in the 1978 Annual

Report, initial estimates of required chlorine usage were too low

and injection rates'ere, therefore raised in late 1978. The

chlorine injection rates remained at the higher levels until

inspections during the April and May 1979 refueling outage.

Starting the July 1979, the chlorine injection rates were

decreased based on testing, which revealed that a lower chlorine

injection rate than previously used would obtain the same levels
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of free residual chlorine at the condenser outlet waterboxes,

which had previously been shown to be effective. It was believed

that the installation of titanium alloy condenser tubes during

the refueling outage was somehow related to this phenomenon. Inspec-

tion of the component cooling water heat exchangers during the 1979

refueling outage indicated that no increase in the level of bio-

fouling had occurred. Although no inspection of the heat exchangers

has been performed since the post-refueling outage chlorine injec-

tion rate reduction, it is believed that the component cooling water

heat exchangers have not experienced biofouling problems. Observa-

tions of chlorine effectiveness will continue to be made with an

ultimate goal of optimization of heat exchanger surface cleanliness

and chlorine residuals at the lowest possible levels of discharge.

Total residual chlroine levels are reported in Section.C of

this report. As can be seen in Table C-1 the residuals have been

consistently below the ETS limit of 0. 1 ppm at the terminus of the

discharge canal. Table D-1 shows the monthly chlorine injection

rates used in 1979. It is believed that no adverse environmental

impact has resulted from the use of chlorine at the St. Lucie Plant.

D-2



TABLE D - 1

ST LUCIE UNIT NO. I
CHLORINE INJECTION RATES

1979

Months
C12 Injection Rate

lbs hr
Total Number of Days/Month

Chlorination Occurred

January

February

March

April

May

June

July

August

September

October

November

December

167

167

167

Refuel ing

Refueling

167 & 104

104, 125 & 146

125

125 & 146

146

146

146

30

27

27

22

30

31

19

20

25

31

NOTE: Chlorination was performed on one waterbox once per day for 1.5
hours at the above listed injection rates.
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E. ADDITIONAL BIOTIC RESULTS

Some sea turtle entrapment in the intake canal has

occurred during the monitoring period from January 1, 1979

through December 31, 1979. A large mesh turtle net placed

in the intake canal is used to capture the entrapped

turtles. A total of 164 turtles were caught, tagged and

released unharmed to the ocean. Loggerhead turtles accounted

for 162 of the number and two green turtles comprised

the balance.

In addition to the number of turtles noted above, some

mortality of sea turtles has been noted in the intake canal

with 13 loggerheads and one green being recovered. With

the exception of three accidental deaths directly

associated with netting, the cause of death for the

remainder of the turtles (11) was unknown.
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F. CHANGES TO THE ENVIRONMENTAL TECHNICAL SPECIFICATIONS

During 1979, the Nuclear Regulatory Commission (NRC) issued

Amendment No. 29 to Operating License No. DPR-67 on January 24, 1979.

This amendment consisted of changes to the Environmental Technical

Specifications in response to FP8L's requests dated August 1, 1977;

October 27, 1977; August 29, 1978; and September 29, 1978. The

amendment revised Appendix B Administrative Controls to reflect

individual title changes and department name changes; deleted

salinity, primary coolant activity, and fish impingement monitoring

requirements; included Centigrade temperature equivalents in

addition to Fahrenheit, wherever specified; and authorized a 2 F
0

increase in the allowable condenser cooling water temperature

rise.

By its letters dated April 12 and September 10, 1979, FPSL

has requested that deletion of thermal and chemical limits and

monitoring requirements on the basis of ALAB-515 (Yellow Creek).

As of December 31, 1979, the NRC had not yet approved this request.



G. REPORTABLE OCCURRENCES

The following Reportable Occurence Reports were filed with

NRC's Region II office of Inspection and Enforcement during 1979.

R.O. NUMBER DATE OF R.O. TITLE

335-B-79-01

335-B-79-02*

335-B-79-03

335-8-79-04

335- B-79-05

1-5-79

3-14-79

8-15-79

11-13-79

12-10-79

Ocean Intake Area-
Recording Thermographs

Zone of Mixing - Surface
Temperature Rise

Ocean Discharge Area-
Recording Thermographs

Ocean Intake Area-
Recording Thermographs

Ocean Discharge Area-
Recording Thermographs

* R. 0. 335-B-79-02 reported two out-of specification values for
February 26 and 27, 1979 of 8.5 F and 6.7 F respectively. A sub-
sequent, more intensive analysis of the raw data revealed that
these values were actually 8.1 F for February 26 and 8.1 F for
February 27. Evaluation of thermograph instruments'istory
indicated a high probability that these temperatures were the
result of instrument malfunction not detected on the initial
inspection of data. The corrected temperatures were not believed
to have caused any adverse environmental impact.
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EXECUTIVE SUMMARY

INTRODUCTION
Il

This document is the fourth consecutive annual report on biotic

monitoring at the Florida Power 8 Light Company St. Lucie Plant. These

reports have been prepared in response to the Nuclear Regulatory

Commission's Environmental Technical Specifications found in Appendix B

to Operating License No. DPR-67 for St.'ucie Plant Unit No. l. The

objective of the specifications, and of the study, is to assess the

effects of plant construction and operation on'he major biotic com-

munities in the nearshore marine environment.

FISH AND SHELLF'ISH

Potential nearshore effects are mainly associated with the entrap-

ment of fish and shel 1 fi sh into the intake canal, which may be sub-

sequently fol 1 owed'y their impingement or entrainment. However, no

1 arge accumulation of fishes was indicated in the intake canal . In

addition, the numbers of fish and shellfish impinged and ichthyoplankton

entrained were low, and thus the plant intake is not considered to have

any significant impact on offshore populations.

The thermal discharge plume is the plant effect of primary potential

concern offshore. No detrimental effects of this plume on fishes,

including the commercially important migratory species, could be

discerned from the distribution and abundance of the fishes collected at

the offshore stations. Differences in the species composition and abun-
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dance of the fish communities, both between stations and between study

years, were not attributed to pl a nt operation, but rather to natural

'events.

MACROINVERTEBRATES

The benthic community structure has exhibited extensive seasonal

variations, apparently unrelated to plant activity, over the past 4

years. Composition by major taxonomic group has exhibited little change

over this time. Although the dominant macroi nvertebrate species in'he

benthic grab samples have fluctuated in abundance from year to year, no

statistically significant reductions in the number of individual s or

number of species have been observed.

Trawl samples showed a statistically significant reduction in the

number of taxa collected at several stations. These reductions are con-
'I

I

sidered to be natural changes in community composition. If the plant was

affecting the offshore benthic community, differences in the number of

taxa coll ected at the control and di scharge stations would have been

greater, than the studies indicated.

PHYTOPLANKTON

Variations in phytoplankton seasonal cycles were typical of natural

annual variation and, during the 4-year monitoring period, the offshore

distribution and seasonal occurrence of major species did not indicate

effects due to power pl ant operation. Data suggested, however, that

plant operation altered phytoplankton composition at the discharge during
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certain seasons by decreasing or enhancing the densities of certain taxa.

Plant effect on standing crop and relative abundance of phytoplankton was

l imited to the di scharge canal and to the surface at the offshore

di scharge.

ZOOPLANKTON

The offshore zooplankton composition has not changed substantially

over the 4 years of study. Zooplankton densities, however, have been

shown to be greater at the offshore discharge station than at other

offshore stations. It has been suggested that, because this greater den-

sity at the offshore discharge station was associated with a plant-

related increase in phytoplankton density at the same location, the plant

has had an indirect effect on the offshore zooplankton. A direct effect

of plant entrainment was shown by a decrease in the number of zooplankton

in the discharge canal as compared to the number in the intake canal.

MACROPHYTES

Attached macrophytic growth at all stations in the study area was

limited primarily by the lack of suitable substrates; thus, the impor-

tance of this biotic community as a contributor to primary productivity

was minimal. Seasonal trends in algal diversity were noted, but no plant

related effects were observed.

A

No statistically significant differences were found between measure-

ments made at the offshore stations for sel ected physical parameters,





with the exception of turbidity. Turbidity was significantly higher at

the discharge and control stations. These stations are near the shore

where the wave action is greatest. Concentrations of nutrients in the

nearshore environment adjacent to the plant were dispersed homogeneously,

but varied with time of the year. No differences were found when sta-

tions near the plant were compared with the control station, and analysis

of nutrient concentrations indicated that plant operation had no sta-

tistically significant effect on the selected nutrients measured in this

study.

TURTLES

During 1979, it was calculated that 4676 nests occurred on

Hutchinson Island. This total nest estimate is consistent with previous

years'otals. As in previous years, a gradient of nesting was iden-

tified with the heaviest nesting on the southern end of the island.

Nesting on Area 4 (plant site) during 1979 was not influenced by the

plant.

No statistical ly significant alteration of spatial or temporal

distribution of nesting has occurred during the years of power plant

operation.

CONCLUSION

An assessment of the effects of St. Lucie Plant construction and

operation indicated low impact on the major biotic communities in the

nearshore marine environment.
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A. INTRODUCTION

BACKGROUND

This document has been prepared in response to the Nuclear

Regulatory Commission's Environmental Technical Specifications found „in

Appendix B to Operating License No. DPR-67, which is for Unit No. 1 of

Florida Power 5 Light Company's St. Lucie Plant.

In 1970, the United States Atomic Energy Commission (now Nuclear

Regulatory Commission) issued construction Permit No. CPPR-74 to the

Florida Power & Light Company (FPL). This permit allowed construction of

Unit No. 1 of the St. Lucie Plant, an 810-MW nuclear-powered electric

generating station, on Hutchinson Island in St. Lucie County, Florida.

Unit No. 1 was placed on-line in March 1976. Plant operation was inter-

mittent in 1976 but was continuous throughout 1977, 1978, and 1979 except

for repair and refueling outages. Repair outages were brief, typically
fl

lasting no more, than a few days. The refueling outage occurred from 1

April 1979 through 1 June 1979.

The St. Lucie Plant presently generates electricity with one 810-MW

pressurized water reactor. A once-through circulating water system,
'

which consists of submerged intake and discharge pipes linked by canals

to the plant, provides the condenser cooling water. A vertical intake

structure located 365 m offshore draws cooling water from the Atlantic

Ocean. The top of the intake structure consists of a concrete velocity

cap which is approximately 2.4 m below the surface. A pipe buried under

the dunes transmits water from the intake point into the intake canal.

A-1



The 90-m-wide canal carries the cooling water about 1500 m to the plant

intake structure, where'umps provide a flow of 33,400 1/sec. The water

moves through the intake screens, passes through the plant condensers,

and is released into the discharge canal.

The temperature rise of the water passing through the condensers is

permitted to 26'F (14.4'C). After leaving the plant, the heated water

passes through a 60-m-wide discharge canal before entering a pipe buried

under a dune and the ocean floor. The water is carried about 365 m

offshore and discharged through a Y-shaped pipe 5 m below the water

surface. The discharge pipe is located 730 m north of the intake.

The Florida Department of Natural Resources tlari ne Research

Laboratory, in conjunction with FPL, conducted preoperational baseli ne

environmental studies of the marine envirorment adjacent to the St. Lucie

Plant from September 1971 to July 1974. FPL contracted with Applied

Biology, Inc. (ABI), in 1975 to conduct the operational phase of the eco-

logical monitori'ng program at the St. Lucie Plant. A sampling program

was designed in accordance with the Nuclear Regulatory Commission's
II

Environmental Technical Specifications for St. Lucie Unit No. 1.

Prel iminary studi es on fish popul at ions in the pl a nt ' cool i ng water

canals began in December 1975; the complete sampling program started in

March 1976- ABI submitted results of the 1976, 1977, and 1978 studies to

FPL in separate annual reports.

A-2
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This report compares data generated during the present study with

results of the baseline study and the 1976, 1977, and 1978 operational

studies in order to assess the effects of plant construction and opera-

tion on the major biotic communities in the nearshore marine envirorment.

AREA DESCRIPTION

The St. Lucie Plant is located on a 457.3-ha site on Hutchinson

Island, approximately midway between Ft. Pierce and St. Lucie Inlets on

Florida,'s lower east coast (Figures A-I and A-2). The island is bounded

on the east by the Atlantic Ocean and on the west by the Indian River, a

shallow lagoonal estuary.

The Indian River, linked by tidal flushing to the Atlantic Ocean via

Ft. Pierce and St. Lucie Inlets as well as to Lake Okeechobee via the St.

Lucie River and Canal, is an integral part of the ecosystem in this area.

Hutchinson Island extends 37.5 km between inlets and reaches its

maximum width of 1.8 km at the plant site. Elevations approach 5 m atop

dunes bordering the beach, then decrease to sea level in the mangrove

swamps that are common on much of the western side. Island vegetation is

typical of southeast Florida coastal areas: dense stands of Australian

pine, palmetto, sea grape, and Spanish bayonet inhabit the higher

elevations, and mangroves abound in the lower elevations and swamps.

County mosquito control practices have extensively altered large portions

of the interior mangrove communities over past decades. Controlled

flooding has killed numerous mangrove stands, including some on the plant

site.
A-3



I

I
I
I



Offshore coqui noid rock formations pa'ral 1 el much of the i sl and 's

ocean shoreline and provide suitable substrate for intertidal accumula-

tions of worm reefs. Colonial marine worms form the stony-looking worm

reefs out of sand and mucus. A relatively extensive worm reef community

lies approximately 0.5 km south of the intake pipeline. Relic worm reef
lh

formations protrude through present-day beaches al ong much of the

island's southern end.

The ocean bottom offshore of the plant site consi sts entirely of

sand and shell sediments with no reef obstructions or rock outcroppings.

The unstable substrate limits the establishment of rooted macrophytes or

attached benthic communities.

The Florida Current, which parallels the continental shelf margin,

begins to diverge from the coastline at West Palm Beach. At Hutchinson

Island, this current is approximately 33 km offshore. Oceanic water

associated with the current's western boundary, however, periodically

meanders over the inner shelf, especially during surfer months.

SAMPLING DESIGN

The proposed configurations of the thermal plume provided by FPL and

al so the locations of dominant mac rohabi tats establ i shed during the

preoperational survey determined station locations. Maps within the

respective sections of this report depict the stations used in each phase

of the present study.
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A description of the offshore stations i s given in Table A-l.

Stations 1, 2, and 3 were selected to be perpendicular to the beach on a

transect coinciding wi th the postul ated sl ack cur rent thermal pl ume

configuration. Additional offshore stations (4 and 5) were established

to the south and north, respectively, of Station 2. A control station

(Station 0) was established south of the plant discharge.

Three beach seine stations were located near shore, at points north

of the discharge (Station 6), south of the intake (Station 8), and midway

between these two points (Station 7). Six additional stations were

established in the plant intake canal (Stations 11, 13, 14, and 15) and

discharge canal (Stations 12 and 16 ).

Systematic sampling was continued in 1979 according to the outline

in Table A-2. To increase the efficiency of some portions of the study,

minor changes were made in the- sampling design. These changes are

discussed in the appropriate sections of this report.
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TABLE A-1

DESCRIPTION OF OFFSHORE STATIONS
ST. LUCIE PLANT

1976-1979

Latitude-
Station Lon itude Geo ra hic location

Mean sampling
de th m Substrate

I
CO

0
(control)

27'19.1 'N
80'13.2 'W

27'21.1'N
80'14.1 'W

27 21.4'N
80'13. 3 'W

27'21.7'N
80'12.4'W

4.7 km south of plant discharge, on
beach terrace

0.5 km offshore, at seaward margin
of beach terrace

1.5 km east-northeast of Station 1 in
offshore trough, approximately midway
between beach terrace and offshore shoal

3 km from Station 1, on coincident
compass heading, atop Pierce Shoal

8.2

7.6

11.3

7.6

Fine gray sand

Gray, hard-packed
fine sand

Shell hash

Medium sand with few
large shell particles

27'20.6'N
80'12.8'W

27'22.9'N
80'14.0'W

1.6 km south-southeast of Station 2 and 11.3
0.6 km west of southernmost tip of Pierce
Shoal, in offshore trough

2.2 km north-northeast of Station 2 and 11.3
2.1 km east of beach, in offshore trough

Shell hash

Shell hash
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TABLE A-2

BIOLOGICAL AND PHYSICAL SAMPL It6 SCHEDULE (NUMBER SAMPLES/STATION)
ST+

LOUIE

PLANT
1976-1 979

Section

Adult fish-beach seine

Adult fish-gill net

Adult fish-otter trawl

Aquatic macrcphytes

Benthos-trawl

Benthos-grab

I chthyop lankton
(fish eggs and larvae)

Phytop lankton and
chlorcphy I I

Offshore

I I I I I

I I I I I

2 2 2 2 2 2

I I I I I I

4 4 4 4 4 4

2 2 2 2 2 2

2S 2S 2S 2S 2S 2S
28 28 28 28 28 28

3 3 3

2S
28

Intake

IS IS
18 18 18

IS
18

aanthi y
aonthl y

rronthl y

qua rter ly

nanthly (with adult f ish)

qua rter ly

twice monthl y

nonthl y
canthi y

Discharge
1Y K Sa lin fr uenc

, monthly

Thermograph monltorlng

Water quality and
nutrients

Zoop I a nkton

2S 2S 2S 2S 2S 2S
2M 2M 2M 2M 2M 2M
28 28 28 28 28 28

2S 2S 2S 2S 2S 2S
28 28 28 28 28 28

Contireous

2S

28

20

Contiraous

20

nanthl y

aanthl y
rmnthl y
aanthl y

aanthl y

nanthl y

S = surface sample.
M = mid-depth sample,
8 = bottom sample.
0 = oblique tow.





B. FISH AND SHELLFISH

Environmental Technical Specifications (3.1.B.c., 4.1 and 4 2)

INTRODUCTION

Fishes di stribute themselves within the aquatic ecosystem according

to their biological limitations and needs. A consequence of this distri-

bution has been the development of fish communities or assemblages which

depend on the physical conditions and resources of an area. The aquatic

faunal communities off Hutchi nson Isl and are unique because they are

trans itional between temperate northern faunas and tropical southern

faunas. Natural variations in physical conditions, such as seasonal tem-

perature changes or fluctuations in the Florida Current's proximity to

the island's coastline, could cause variations in the composition or

abundance of fishes in this area. Similarly, although on a much more

localized scale, operations of the St. Lucie Plant could affect these

fish assemblages.

This study, a continuation of the study initiated by Applied

Biology, Inc. (ABI), in December 1975, was to further examine the com-

position and abundance of fishes in the vicinity of the St. Lucie Plant

and to evaluate the habitat, distribution, and life history of

these'These

specifications are delineated under each appropriate section of
this report.



fishes. Data obtained were to be used in conjunction with data from

environmental monitoring (ABI, 1977-1979a) and the baseline study (Futch

and Dwinnell, 1977) to determine whether plant operation had any signifi-
1

cant effect on the fishes in this area.

The evaluation of the potential effects of plant operation on local

fi sh communities required studi es of both canal and offshore areas.

Samples were taken by gill netting in the intake and discharge canals.

Offshore samples were taken by gill netting, trawling, and beach seining.

In analyzing canal samples, the emphasis was on the impact of fishes

becoming entrapped in the intake canal. In analyzing offshore samples,

the emphasis was on possible effects of the offshore thermal discharge

upon sport and migratory fishes of commercial importance. In addition,

canal and inshore ichthyoplankton sampl ing was conducted to evaluate

thermal discharge and entrainment effects, respectively, on fish eggs and

larvae.,

Prior to a discussion of specific sampling techniques and results, a

brief overview of fish communities is given. This overview leads into a

generalized account of fish habitats and trophic interrelationships (the

food chain) in the vicinity offshore of'utchi nson Island.

Fish Communities

The most comprehensive list of fishes in the vicinity of the St.

Lucie Plant was recently compiled by Gilmore (1977), based on extensive

B-2



I

I

I



a
collections and literature review by the Harbor Branch Foundation.

Regarding this fish fauna, Gilmore stated:

The richness of this fauna ap'pears to be directly affected
by water temperature moderation and recruitment via the Florida
Current, moderate inshore sal inities, and the transitional
zoogeographic setting of the study area. The Indian River
region encompasses several biotopes, all of which affect the
distribution and ccmposition of the local fish fauna. The

study area is broad (latitude 27'00'-29'00'N) and includes
nearly all of the aquatic fish communities in east Florida...
The fish distribution is further complicated by its transi-
tional nature, as the warm-temperate Carolinian and the tropi-
cal Caribbean fish faunas overlap considerably here; 28'A of the
fish fauna is considered tropical, 22K are warm-temperate, and

50K are eurythermic tropicals and conti nential species having a

wide distribution both north and south of this region.

These [tropical] fishes originated in the Caribbean faunal
province and apparently came into the region via the Florida
Current. Warm-temperate Carolinian fishes are more ccmmonly
found in the open bottom continental shel f biotope...
Distribution of the Carolinian speci es must be explained by
adult migration, with some aid from larval fishes transported
via southbound counter-currents of the Fl orida Current and

other inshore water mass movements.

The Harbor Branch Foundation studies established that at least 654

species of fishes occurred in the Indian River lagoon, its tributaries,

and the adjacent Atlantic Ocean continental shelf at depths of less than

200 m, and predicted that at least 50 more species 'might eventually be

collected or identified from this area (Gilmore, 1977; R.G. Gilmore, per-

aThe Harbor Branch Foundation, Inc., is a nonprofit corporation with
programs aimed primarily at oceanographic engineering and marine science
research. Its complex of research facilities is located on the Indian
River just north of Ft. Pierce, Fl orida. R. G. Gilmore is Fisheries
Biol.ogist at the Harbor Branch Foundation.
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sonal communication); Probably less than 40 percent of the fish species

in the Indian River and adjacent areas were characteristic of the surf

communication), the three oceanic habitats within the influence of no'rmal

St. Lucie Plant operations. The majority of the species were from the

rich grass flats within the Indian River lagoon, from around inlets and

inshore reefs which provide cover, and from the offshore reefs. These

preferred habitats were either of limited extent, such as worm reefs, or

beyond the influence of normal St. Lucie Plant operations.

The fish fauna offshore of the St. Lucie Plant was studied by the
I

Florida Department of Natural Resources (DNR) between September 1971 and

August 1974 and has been under study by ABI since December 1975.

A total of 75 fish species was found during the baseline study con-

ducted by the Florida DNR (Futch and Dwinell, 1977). These fishes were

collected by trawl (42-hour effort) and beach seine (9-hour effort) and

were, for the most part, the more common species in the area. ABI

personnel have collected or observed 264 fish species in the vicinity of

the plant. These species were tabulated in the 1977 annual report (ABI,
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1978) and a subsequent addendum (Table B-1; ABI, 1979a). Only seven

additional species were found by ABI in 1979.

Only three species found during the baseline study have not been

collected by ABI and, considering the intensity of collections during the

last 4 years, they must be considered very uncommon. All species which

are common in the area have probably been found. Future additions to the

species list will include the rarer forms such as transients through the

area, strays from deeper offshore waters, and tropical forms carried

i nshore by eddies from the Florida Current.

Fish Habitats

Three relatively distinct oceanic habitats are within the influence

of normal St. Lucie Plant operations: the surf zone, the open bottom,

and the neritic zone.

The surf zone is characterized by water turbulence and shifting sand

substrate. In addition to the turbulence, a major limitation on this

habitat's fish diversity is the 'lack of bottom cover. Only one worm reef

aSouthern stingray (Das atis americana), tarpon snook (Centro omus

~—'"') i'i i '"i' "\ "i ii
cern echanus), Atlantic threadfin (Pol dact lus octonemus), spottail
flounder Bothus sp.), and smallmouth flounder ~Etre us microstomus).

bClearnose skate (~Ra a e lanteria), freckled driftfish (Psenes
i ), I p«i ii i A
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occurs in the vicinity of the plant, and it provides minimal cover for

fish in the surf zone. Little or no attached macroscopic vegetation

grows in the zone, with the exception of that found on the worm reef.

Fishes capable of thriving in this turbulent area are limited to a

few taxa. Characteristically, these are the bottom-feeding carnivores:

drum (sand drum and kingfish), threadfin, and pompano that feed on

burrowing invertebrates, such as sand fleas and coqui nas. Trans ient

fi shes, such as herrings, anchov i es, jacks, Spa ni sh mackerel, and

bl uef i sh, occas ional 1 y occur i n the surf zone. Some of these, pa r-

ticularly herring and anchovy, often occur in large numbers.

The open bottom in deeper water beyond the surf zone consists of a

relatively homogeneous shell hash substrate which, like the surf zone,

lacks vegetation or other cover that could provide food and shelter for

fishes. Dominant fishes are the flatfishes, cusk-eels, and searobins.

These forms have adapted to living in or on the ocean bottom. The

burying behavior and protective coloration of the flatfish, the burrowing

nature of the cusk-eel, and the hard spiny exterior of the searobin help

protect these generally small bottom-dwellers against predators- Other

common speci es occurring on or just over the bottom are sand perch,

grunt, mojarra, and lizardfish.

The neritic zone refers to the open water coastal area beyond the

surf zone and above the open bottom. The vast majority of the fishes

found in the vicinity of the St. Lucie Plant during this study were
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either residing in, or passing through, the neritic zone. Herrings and

anchovies, sharks, mackerels, bluefish, and jacks are characteristic .

Many fishes found in this zone are of sport or commercial importance,

such as mackerels and bluefish which make extensive north-south seasonal

migrations. In order to spawn, other taxa, such as mullet, menhaden, and

certain drum, migrate seasonally from the Indian River lagoon out into

neritic waters. In addition, the Fl orida Current provides continual

recruitment of tropical forms from south Florida and the Caribbean into

the Hutchinson Island area.

Tro hic Interrelationshi s: The Food Chain

The lack of macroscopic vegetation in the open water area offshore

of the St. Lucie Plant, in sharp contrast with the extensive grass flats

in the adjacent Indian River lagoon, results in a food chain based almost

entirely on microscopic al gae (phytoplankton). Phytoplankton use solar

energy and dissolved nutrients to produce organic material by means of

photosynthesi s and become a primary source of food to aquatic animal

1 i fe.

"The primary consumers of phytopl ankton are the multitudes of

zooplankton, which are al so microscopic or semi-microscopic in size.

Some larval fishes also feed on microalgae (Lebour, 1924) and a few adult

fi shes, such as menhaden, feed parti y on di atoms -and di nof1 agel 1 ates

(Bigelow, 1925).
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It is extremely difficult to measure relative volumes of plants and

animals in the sea, although the mass of plant material produced daily

must be considerable to support the zooplankton. In turn, the zooplank-

ton accompl.ish two important ends: first, the utilization of the primary

food; second, the transformation of this primary food into animal

substance large enough to be caught and utilized by carnivorous forms

(Sverdrup et al., 1942).

The . plankton feeders either pick the individual zooplankters from

the water or use some type of screening device through which water passes

while small organisms" are retained as food. Depending on the fineness of

the screening device, phytoplankton and detritus may also be retained and

i ngested. Differences between these two feeding methods are based pri-

marily on relative selectivity. Hany of the copepods (within the

zooplankton), barnacl es, mussel s, clams, and sponges indi sc riminatel y

.filter plankton from the water. On the other hand, certain copepods,

arrow worms, and ctenophores are active predators which seize zooplank-

ters (and larval fishes) that drift within their reach. Among the plank-

tivorous fishes are the herrings and anchovies, which select individual

zoopl ankters or filter indi sc riminatel y with the aid of gil 1 rakers.

These fishes generally occur in great abundance and form the link between

the zooplankton and the larger predators. The larger predators, such as

the sharks, mackerels, bluefish, and jacks, are the fishes most familiar

to man.
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An equally vital group .of organisms within the oceanic food chain

consists of the detritus feeders, browsers, and scavengers. Although

these forms may be separatel y def i ned, they al 1 feed more or 1 ess

indiscriminately upon living or dead organic matter and herein are

discussed as a group. The majority of the benthic invertebrates are

found in this assemblage: pol ychaetes, echi noderms, ga st ropods, and

several crustaceans including crabs, shrimp, amphipods, and isopods.

Many of the fishes, in turn, are "bottom-feeders" that prey on these

benthic forms (and each other) both in the surf zone and over the open

bottom. The more common fishes in this category are the flatf i sh,

searobins, cusk-eels, lizardfish, pompanos, and drums.

As this discussion implies, the aquatic flora and fauna offshore of

Hutchinson Island are intricately interrelated. Additional, and often

more speci fic, trophic interrel ati onshi ps wil 1 be di sc ussed in this

report.

IMPINGEMENT

Environmental Technical Specification (4.2)

Intake screen washi ngs shall be examined for a con-
secutive twenty-four hour period, twice a week when-
ever the Unit I circulating water pumps are
operating. The collected washi ngs shall be analyzed
for the species present, number of each individual
species caught, total bionass of each species, and
the average size of the individuals caught.
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On 24 January 1979, the Nuclear Regulatory Commission issued a tech-

nical specification change (Amendment No. 29) which deleted Section 4.2,

Impingement of Aquatic Organisms, of Appendix B to Operating License No.

DPR-67 for the St.- Lucie Plant. Data collected prior to the termination

of impingement sampling were„submitted to FPL as'ocument AB-198 (ABI,

1979b).

II

Those data covered seven 24-hour impingement samplings taken during

the period 1 January through 23 January 1979 (Tables B-2 through'-8).

During the seven sampling. periods, fish impingement ranged frcm 82 to 952
I

individuals per day; the mean equaled 412 individuals. Fishes commonly

found were herrings and anchovies, mojarras, jacks, grunts, flatfish,

cusk-eels and searobins. Fishes of sport or "commercial importance, such
4

as snappers and croakers, accounted for 2.8 percent of al 1 fishes

collected. Shellfishes of sport and commercial importance were shrimp

which had a mean of 739 individuals per day; blue crab which had a mean

of 102 individuals per day; and spiny lobster which was represented by

only 1 individual during all seven periods.

The mean numbers of fi sh, shrimp, and blue crabs found duri ng

January 1979 were higher than those found in January 1977 and January

1978. This does not mean, however, that numbers would have been higher

for the entire year. The taxa of fish and shel 1 fi sh found in the

samples, and the low number of sport and commercial fishes, were similar

to previous years. As pointed out previously (ABI, 1979a), when compared

to commercial landings that indicate the abundance of fish and shellfish



~

~

i
~

~

~

I
~

i
~

~

~

l



off Hutchinson Island, the amount impinged was low and not considered to

have any significant impact on offshore populations.

CANAL GILL NETS

Materials and Methods

Monthly gill net collections were taken at Stations 13, 14, and 15

..in the intake canal (Figure B-1) to determine whether fishes were accumu-

lating in the intake canal because of entrapment at the intake velocity
I

cap. Sampling at Station 16 in the discharge canal was conducted only

when the circulating water pumps were off for an extended period of time,

which might allow fishes to enter the canal through the offshore

discharge and establish populations.

The gill nets measured 61 m long by 3 m wide and were constructed of

76-mm stretch mesh. At each -station, a net was set on the bottom and

completely spanned the canal.

1

Sampling duration was two consecutive 24-hour periods at each sta-

tion during each month. After each 24-hour period, fishes and

shellfishes were removed from the nets and analyzed. Specimens, were

identified to species, counted, measured to the nearest millimeter, and

weighed to the nearest gram. Standard length, the distance from the tip

of the snout to the base of the tail, was measured for most fishes. Disk

width was measured for rays. Carapace (shell ) length was measured for

shrimp and lobsters; carapace width was recorded for crabs. The taxono-

mic nomenclature for fishes is in accordance with Bailey et al. (1970),

except for the few changes made in more recent literature.
B-11
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To facilitate station, monthly, or yearly data comparisons, the spe-

cies data were often summarized by category or taxon in the text and

tables. Categories or taxa are groups of closely related fishes, that

is, fishes of the same species, genus, or family.

Results and Discussion

Discharge canal gill netting was conducted during April, May, and

part of June when the circulating water pumps were off. A total of five

net sets were made during that time. For all,sets, only two fish (a

croaker and a catfish), one shrimp, and four blue crabs were collected.

This low catch 'indicates that very few fishes and shellfishes enter the

discharge canal when the circulating pumps are off and hence, a con-

siderable amount of time would be required for populations to become

established. Thus, only a few'ndividuals would be subjected to poten-

tial thermal effects in the discharge canal once the plant resumed normal

operation.

The balance of this section concerns gill netting studies in the

intake canal where a total of 661 fishes was collected during the 24
II

daily sampling periods conducted in 1979 (Tables B-l and 8-9). Total

fish biomass recorded was 373.3 kg; however, this weight included

fragments (partially eaten fish) and the undamaged weight would have been

somewhat greater. A total of 173 shellfishes, weighing 45.7 kg was also
If

found during the intake canal gill netting (Table B-1)-
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The total number of fishes collected each month varied considerably

and no trend was apparent in the numbers from month to month (Table B-9).

The variation meant that fishes were not accumulating in the intake

canal. The absence of any build-up in fish populations is also evident

once the rate of capture was plotted over the last 4 years (Figure B-2).

The catch rate through most of 1977 was usually less than 10, fish per net

per day. Peaks of abundance in late 1977 and early 1978 caused the rate

to rise. Subsequently, the catch rate declined in mid-1978 and remained

1 ow through 1979. The peaks of abundance were primarily caused by

influxes of blue runners and crevalle jacks. The reasons for the rela-

tively high numbers of these fishes entering the intake on limited occa-

sions are not known. However, the fact that a build-up of fishes has not

occurred in the intake canal can be attributed to predation, sampling, or

other mortal ity factors.

The lane snapper was the most abundant species found in the intake

canal. It accounted for 21.3 percent of the total number of fishes col-

lected during 1979 (Table B-1). The sheepshead was the species having

the highest total weight. Based on taxa, porgies made up 26.0 percent

of the total number of fishes found, followed in lesser amounts by

snappers, grunts, and jacks (Table B-9). 'Blue crabs were the predominant

shellfish (Table B-l).

aThe porgies include sheepshead, pinfish and sil ver porgy.
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Several of the fishes, as 'well as the shellfishes, collected in the

intake canal are considered of spor t or commercial importance. These

include snappers, sheepshead, creval le jack, spot, mackerel s, cr oakers

(drum), mul 1 et; snook, and Fl orida pompano. Although entrapped fishes

are lost to sport or commercial interests, the impact of the loss is con-

sidered to be negligible because both the number and weight of fishes

entrapped (as measured by canal gill netting data) were low (Table B-l).

Further, the negligibil ity of impact is particularly evident when the

biomass of fishes entrapped (Table B-1) is contrasted to the biomass of

fishes in the commercial landings (Table B-10). Of additional importance

is the fact that few Spanish mackerel, king mackerel, or bluefish, the

primary commercial fishes in St. Lucie and Martin Counties (Table B-10),
a

have been collected in the intake canal .. It appears that these fishes

who pass Hutchinson Island during seasonal migrations are generally able

to avoid entrapment at the offshore inlet of the intake.

In addition to the wide variations in rates of capture over the past

4 years (Figure B-2), considerable variation exists in the taxa repre-

sented (Table B-ll). For example, the percentage composition of croakers

and mullet has generally declined while that of snappers and porgies has

generally increased. These differences are attributed to natural yearly

variations in fish population composition, to the chance occurrence of

aFive Spanish mackerel, 8 king mackerel, and 16 bluefish during the past
4 years.
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schooling fishes, and to variations in the total yearly sample sizes from

which the percentage compositions of the taxa are calculated. For all

fishes during the 4 years combined, grunts, snappers, and jacks each

accounted for about 17 percent of the gill net catch from the intake

canal, followed by porgies, mullet, croakers, spadefish, and searobi ns

(Figure B-3). These taxa are all common offshore Hutchi nson Island and,

as would be expected, were the fishes commonly found in the intake canal.

In contrast to the number of fishes collected during offshore
h

studies, the number entrapped in the intake canal was relatively low.

Low entrapment numbers are attributed to the velocity cap at the offshore

inlet of the intake pipe. The velocity cap maximizes a horizontal direc-

tion of water flow „into the intake. Whereas fishes may become entrapped

by a downward flow, they are more likely to detect and avoid the horizon-

tal one (Clark and Brownell, 1973).

OFFSHORE GILL NETS

Environmental Technical Specification (3.1.B.c.)

Nektonic Or anisms - Samples will be collected monthly by
raw ing, sesnsng or other suitable method. Types and

numbers of organisms present wil 1 be determined,
i ncl udi ng speci es of mi gratory fish of commerci al and
sports fisheries value such as bluefish and mackerel.

This specification is also applicable to the trawling and beach seining
sections of this report.
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Materials and Methods

Monthly gill net collections were made at each of six offshore

stations. Stations 1% through 5 were in the vicinity of the plant and

Station 0, the control, was located to the south (Figure B-4 ). The

offshore gill net measured 183 m in length by 3.7 m in depth and was made

up of five 36.6-m panels sewn end-to-"end. The mesh size of the panels

varied, measuring 64, 74, 84, 97, and 117 mm in respective stretch

lengths. The net was set on the bottom perpendicular to shore and was

fished for 30 minutes at each station.

Specimens collected by offshore gill netting wePe analyzed by the

same methods described under "Canal Gill Nets: Materials and Methods."

Two-way analyses of variance were applied 'o the data to determine

whether differences occurred between stations- When significant dif-

ferences 'occurred, Tukey's HSD (honestly significant difference) com-

parison was used to identify relationships between the means.

Results and Discussion

A total of 1610 fishes was collected by offshore gill netting at

Stations 0 through 5 during the 12 months sampled in 1979 (Table B-12).

The total weight of these fishes was 951.3 kg. Two spiny lobsters were

the only shellfishes found. The largest total number of fishes collected

during 1979 was 658 at Station 1, near the point of discharge, followed

by 410 at Station 0, the control (Table B-13). The annual catch at

the other stations ranged from 90 to 189 individuals. Statistically, the
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mean number of fishes found near the discharge was significantly (a=0.05)

higher than that found at the control, while the mean number of fishes

found at both the discharge and control stations was higher than that

found at each of the other stations. Fifty percent of the total catch
I

was collected during the months of January (20'.6 percent) and December

(29.4 percent) in 1979.

During each of the 4 years, the largest percentage of fishes

collected by offshore gill netting at Stations 0 through 5 was found at

either Station 0 or Station 1, which are located closest to shore (Figure

B-5). For the 4 years'combined, the percentage of fishes collected at

each of these two stations was similar: 29.7 percent at Station 0, the

control, and 37.5 percent at Station 1, in the discharge vicinity.

Statistically, there was no significant difference in the mean numbers of

fishes found between Stations 0 and 1; „Station 0 had significantly

(a=0.05) more fish than Stations 3 and 4, and Station 1 had more fish

than Stations 2 through 5.

U

Differences between the number of fishes collected at the various

stations were attributed to chance and distance from the shore. With

respect to chance, the taxa involved were mostly highly mobile, often

migratory schooling species, and the data obtained during offshore gill

netting probably ref1 ected their chance occurrence. With respect to

distance from the shore, forage species are probably most abundant near

shore and would attract the larger predators to the nearshore discharge

and control 1 ocations. Additional ly, bottom rel i ef provided by the





discharge pipe, warmer water, or turbulence at this latter station could

attract the forage fishes and, in turn, the larger predators.

Atlantic bumper, Spanish mackerel, crevalle jack, and bluefish were

the predominant species found in 1979 with each accounting for about 14

to 15 percent of the total fishes collected (Table B-12). Based on

biomass, bluefish were the predominant species with 21.4 percent of the

total.

Migratory ~ species of sport and commercial fisheries value found

during offshore gill netting were Spanish mackerel, king mackerel, and

bluefish.

Spanish mackerel made up 14.8 percent of the fishes collected (Table

B-12). Most were found in November and December, their time of southward

migration (Table B-13). The Spanish mackerel migrates north in the

spring, spawns during the summer months in the northern part of its range

(north of Cape Canaveral on the Atlantic coast), and migrates south in
il

the autumn (Wollam, 1970). These fishes generally move near shore, as

evidenced both by commerci al fishing operations and by their greater

abundance at Stations 0 and 1 in ABI collections. Commercial landings in

1976 in St. Lucie and Martin Counties totaled almost 3.1 million kg which

represented 70.8 percent of the entire Florida east coast landings (Table

B-10).
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Only 12 king mackerel were found (Table B-12). All were taken in

the autumn and they were not concentrated at any particular station. The

king mackerel 's seasonal migratory habits duplicate those of the Spanish
1

mackerel al though the former's movements occur farther offshore. In

addition to its commercial importance (Table B-10), the king mackerel is

the most prominent marine fish in the Florida sport fishery (Beaumariage,

1973).

Bluefish made up 13.7 percent of the fishes collected (Table B-12).

The majority (72 percent) of the bluefish were found at the discharge

location (Station 1) in January (Table B-13). As previously discussed,

they may have been attracted to the discharge area, or simply to a

nearshore location. Bluefish occur off the St. Lucie area in the winter

and, like Spanish mackerel, are generally found near shore. They move

north during spring and summer (Beaumariage, 1969) and spawn in offshore

waters north of Florida in early summer (Deuel et al., 1966). Their

northward movement along the Florida coast is probably part of a spawning

migration by that part of the population that extends its winter range

into south Florida waters (Moe, 1972). This species also is important in

sport and commercial fishing. A total of 363,000 kg was caamercially

landed in St. Lucie and Martin Counties in 1976 (Table B-10)-

A few other fishes having sport and/or commercial importance were

found during offshore gill netting. They included menhaden, spot and

other croakers, Florida pompano, sheepshead, and certain of the sharks

and barracuda (Table B-12). As shown by the gill netting results, a high
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diversity of the larger pel agic fishes occurs offshore of Hutchinson

I sl and.

Five species made up about 60 to 85 percent of the total number of

fishes collected by offshore gil 1 netting during each of the 4 years

(Table 8-14). The large variations in percentage of total composition for

any particular species between years are attributed primarily to the

chance occurrence of the taxa involved. Natural fluctuations in

abundance, however, would also alter species'elative abundance. For

example, ,during 1977 the percentage composition (33.3 percent) for

Spanish mackerel was higher than that found during the other 3 years

(Table 8-14). Commercial mackerel fishermen were also considerably more

active in 1977 than during the other years. This would indicate a larger

catch, although landings data are not yet available. This yearly

variation in the occurrence of a migratory species could be attributed to

year-class success, water temperature and current pattern differences,

nearshore versus, offshore movement, or other factors. Similarly, the

annual decrease in the total number of fishes found over the first 3

study years, followed by a resurgence in number duri ng 1979, may reflect

natural yearly variations, may represent a sampling artifact (sampling

was conducted only once per month and results may not be representative

for the month), or may simply be coincidental. Considering the large

size of the study area and the highly mobile, often migratory, habits of

the fishes invol ved, it is doubtful whether variations in species

occurrence or percentage composition could be attributed to arp plant-
)

related effect.
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TRAWL

Materials and Methods

Monthly trawl samples were taken at each of offshore Stations 0

through 5 (Figure B-4). One 15-minute tow was made at each station with

a 5-m semi-balloon bottom trawl of 12.7-mm stretch mesh in the bag and

6.4-mm stretch mesh in the cod end. Towing speed was 2 to 3 knots at
1

each station. To reduce net avoidance by the fishes, all trawling was

conducted at night.

Fishes collected by trawling were analyzed by the same methods

described under "Inshore (Canal ) Gill Nets: Materials and Methods." Two-

way analyses of variance were applied to the data to determine whether

differences occurred between stations. When significant differences

occurred, Tukey's HSD comparison was used to identify relationships be-

tween the means.

Macroi nvertebrate samples were obtained concomitant with the fish

samples, and are discussed in Section C.

Results and Discussion

A total of 3251 fishes weighing 65.2 kg was collected by trawling

during the 12 months sampled in 1979 (Table B-15). The number of fishes

collected per month ranged from 20 to 1131 (Table B-16); the majority (56

percent) were found in the autumn months of October and November.

Although more fishes were found at control Station 0 than at arp of the

other stations in 1979, the differences between stations were not sta-

tistically significant (a=0.05).



The percentage composition by number of fishes collected trawling at

the six di fferent stations has varied considerably over the 4 years

sampled (Figure 8-6); as a general trend, more fishes were collected each

year at the nearshore Stations 0 and 1, and at Station 5 north of the

'plant than at the other areas. For the 4 years combined, the most fishes

(26.3 percent of the total ) have been collected at Station 1, in the

discharge vicinity. The only significant (a=0.05) difference over the 4

years was that Station 1 had a higher mean number of fishes collected

than either Stations 3 or 4. There were no significant differences in

other station comparisons.

The total number of fishes collected has increased during each of

the last 4 years (Table B-17). Whether this trend is real or coinciden-

tal is unknown. However, any plant-related causative factors seem highly

unlikely considering the size of the study area. (NOTE: the number of

fishes collected during the baseline study [Table B-17j should not be

directly compared to those col 1 ected in the envirormental renitoring

studies because stations, sampling frequency, and methodology differed.)

Anchovies, accounting for 41.6 percent of the total, were the pre-

dominant fishes collected by trawling in 1979 (Table B-16). Searobins

and scorpionfish shared a distant second place in abundance at 12.0 per-

cent. Based on biomass, pigfish (a member of the grunt family) accounted

for 29.1 percent of the fishes collected (Table B-15). This species made

up only 4.3 percent (141 individuals) of the total fishes; for'the most

part, the fishes collected by trawl were the smaller speci,es and juve-
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nil es which could not avoid being captured as readily as the larger,

faster swimming individual s.
J

I

The percentage compos ition, or relative abundance, of the taxa
I

collected during trawling has varied between the baseline study and sub-

sequent environmental monitoring studies as well as during the different

study years. of environmental monitoring (Table 8-17). These differences

are attributed to natural yearly variations in fish population

composition, to the chance occurrence of school i ng fishes, and to

variations in the total sampl e sizes'rom which the percentage ccm-

positions of the taxa are calculated. Because no consistent trends are
II

apparent for arp particular taxon over the years, it is doubtful that

percentage composition differences are related to plant operations.

BEACH SEINE

Materials and Methods
W

Beach seining was conducted each month at each of three stations:

Station 6 north of the discharge, Station 7 between the discharge and
J

intake adjacent to the plant, and Station 8 south of the intake (Figure

B-4).

The seine was 30.'5 m in length by 1.8 m in depth,'with a stretch

mesh size of 25 mm. It was heavily weighted along the bottom and had

extra flotation along the top to maintain a hanging position under surf

conditions.'he rolled net was carried out to a depth of approximately

1.2 m, deployed parallel to shore, and then pulled onto the beach with
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the ends perpendicular to shore. Three replicate seine hauls were made

at each station during each sampling period.

Specimens collected by seining were analyzed by the same methods

described under "Canal Gill Nets: Materials and Methods." Two-way analy-

ses of variance were applied to the data to determine whether differences

occurred between stations.

Results and Discussion

A total of 629 fishes weighing 21.0 kg was collected by beach

seining during the 12 months sampled (Table B-18). Twenty-nine speckled

crabs, a noncommercial species, and three blue crabs were also collected .

The majority (52 percent) of the fishes collected in 1979 was found

during July (Table B-19). The largest catch of 281 was found at Station

6 north of the discharge followed by 238 at Station 8 south of the

intake, and 110 at Station 7 adjacent to the plant. Differences between

stations in the mean numbers of individuals collected were not statisti-

cally significant.

During the last 4 years, the percentage composition by number of

fishes collected at each station was quite variable, although, for the 4

years combined, the most fish (45.0 percent) were found at Station 6

while 27.1 and 27.9 percent were found at Stations 7 and 8, respectively

(Figure B-7). Differences between stations in mean numbers of fishes

collected were not statistically significant. The higher abundance to

the north may have been a sampling artifact resulting from a more rapid
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transit of the net and the concomitant escape of fewer fish, or it may

have been caused by some presently unknown factor. At arly rate, it is

doubtful that the thermal plume would have a limiting influence on fish

abundance to the south because the prevailing water currents are to the

north in the summer, when most of the fishes were collected. (NOTE: the

number of fishes collected during the baseli ne study [Table B-20] should

not be directly compared to those from subsequent envirorrnental moni-

toring studies because sampling frequency and methodology differed).

Scaled sardi nes (35.9 percent of the total ) and sand drum (26.7

percent) were the predominant fishes collected by beach sei ning in 1979

(Table B-18). Florida pompano (14.5 percent) and Atlantic bumper (13.5

percent) were predominant based on weight. Although several of the spe-

cies collected during beach seining are considered of sport or commercial

value, the only species of major economic value was the Florida pompano.

Pompano occurred during 10 of the 12 months sampled in 1979 but were

never found in large numbers at any one time or pl ace (Table B-19).

During the last 4 years of study, 55 pompano have been found north of the

pl ant, 52 adjacent to the pl ant and 26 south of the pl ant. The

importance, if any, of fewer pompano being found to the south is unknown.

Based on the numbers of indi vidual s col 1 ected by beach seining,

anchovies, herrings, and sand drum have been the predominant taxa

collected during basel ine and envirormental studies at the St. Lucie

Plant (Table 8-20). Host of the differences in relative abundance shown

in Table B-20 are attributed to the chance occurrences of schooling spe-
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cies in the catch. To illustrate, the herring found at Station 6 in July

1976 accounted for 40 percent of all fishes collected by beach seining in

1976, while the anchovies, which were so abundant during the baseline

study, were almost all found on only two occasions. It is doubtful if
these occurrences or percentage compositions of the taxa were related to

any plant-induced effects.

ICHTHYOPLANKTON

Environmental Technical Specification (4. 1)

Samples shall be collected from the intake and
discharge canals and a control station at monthly
intervals when the unit is in operation to identify
the organisms involved, and to attempt to quantify how
many of each organism are potentially affected.
Biomass measurements, numbers of eggs collected, and
numbers and identification of larvae - to the level
of major taxonomic groups, if possible - shall be
performed. Present "state-of-the-art" information
shall be used to attempt to quantify the mortality of
the organisms due to entraianent. This program shall
determine the seasonal abunda nce of fi sh eg gs and
larvae.

Materials and Methods

Ichth o lankton Sam lin and Anal sis

Sampl i ng of ichthyopl a nkton was conducted offshore at Stations 0

through 5, at Station 11 in the intake canal, and at Station 12 in the

di sc harge canal (Figure B-4 ) . Ichthyopl a nkton sampl es were al so

collected at an additional offshore station (Station OI) which was

established directly over the offshore intake structure specifically for

ichthyoplankton sampling. Samples were collected twice a month during
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the daytime with paired 20-cm diameter, 505-p mesh bongo nets (Figure

B-8). At each of Stations 0 through 5,, nets were towed just below the

surface at 3.5 to 4.0 knots for 15 minutes. Mid-depth samples were taken

at Station OI in the same manner in order to sample that parcel of water

being drawn into the intake pipe. At Stations 11 and 12, however,

15-minute step-oblique tows were taken in order to effectively sample the

canal ichthyoplankton population drawn in from offshore waters, and cir-

culated through the plant. A digital flowmeter (General Oceanics Model

2030) mounted in the mouth of each net enabled calculation of the volume

of water filtered. Water volume, in cubic meters, through the net was

calculated by:

Volume = AVT

where: A = Area of the mouth of the, net, in square meters;

V = Velocity of current, in meters per second;

T = Time, in seconds.

Ichthyoplankton samples were taken during the day. All specimens

retained in the cod end collecting bucket were washed into jars, pre-

served in 5 percent formalin solution in the field, and returned to the

1 aboratory for microscopic anal ysi s. Water temperature, di ssol ved

oxygen, salinity, and turbidity were recorded at the time and location of.

each sample.

Eggs were counted and their diameters were measured. Eggs were not

identified to taxon because of the lack of specific egg descriptions in

the scientific literature. Larval fishes were identified to the lowest
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practicable taxon, counted, and their total length was measured to the

nearest tenth of a millimeter. Identification of larval fishes was fa-

. cil itated by photographing larvae and arranging the photographs in a

developmental series from identifiable large forms to "increasingly

smaller and earlier stages (Figure B-9).

Statistical Anal sis

Statistical analyses were performed according to procedures of the

Statistical Analysis System (SAS; Helwig and Counsil, 1979):

1. The General Linear Models (GLM) Procedure was employed to give
the regression approach to analysis of variance by using class
variables to determine over-all station effects. Examples. of the
individual variables and model used are shown in Table B-21.

2. Relationships between eggs and larval densities (dependent
variables) and environmental variables, that is,'he independent
variables salinity, water temperature, turbidity, and dissolved
oxygen, were determined by calculating correlation coefficients
(r), their approximate probabi1 i ty, and the number of obser-
vations through the Correlation (CORR) Procedure.

3. The Stepwise (STEPWISE) Procedure was used to determine the model
with the largest r2 value that relates egg or larval densities
to the env irormental vari abl es (r2 i s the proportion of the
variation in the dependent variable which is explained by the
independent variable). During previous studies (ABI, 1977, 1978,
1979a) numbers of fish eggs and larvae varied considerably over
time. This temporal variation can potentially mask or further
complicate analyses of any existing relationships with environ-
mental variables. Therefore, in order to obtain a more accurate
model using the Stepwise Procedure, an additional variable repre-
senting this temporal variation was first included into the model
before inclusion of any envirormental variable. This variable is
equal to

cosine» x Elapsed time (days)
365 days

4. Multiple linear regression analysis was used to determine if a

significant over-all trend in egg or larval densities occurred
from 1976 through 1979. This was accomplished by regressing the
dependent variables egg and larval density with the independent
variable representing seasonal variation, which is equal to
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sine
365 days

x Elapsed time (days)

Because of, unequal error variance and, skewed distributions, log

transformations were made on the dependent variable (number of eggs or

larvae per cubic meter) before the GLM, CORR, STEPWISE, or multiple

linear regression procedures were employed.

Unless otherwise stated, references to mean numbers of ichthyoplank-

ton in the sections of this report refer to geometric means. These were

utilized instead of arithmetic means because of the skewed distribution

of ichthyoplankton densities. Geometric means were calculated by taking

the antilog of the mean of the logged values.

Analyses or comparisons made over the entire study year included

data collected from 1, December 1978 through 13 December 1979.

Collections were grouped, for seasonal analysis as fol 1 ows: winter

samples were from 1 December 1978 through 19 March 1979 and include

sampl es col 1 ected during December 1979, spring sampl es from 20 March

through 20 June 1979, summer samples from 21 June through 22 September

1979, and fall samples from 23 September through 30 November 1979.

Percenta e Loss Due to Entrainment

The method used to eval uate entrairment is based on a technique
r

developed by Goodyear (1977), which was originally applied to the analy-

sis of entrainment in river'ine habitats; it has been adapted for this

study because the current flow offshore of the St. Lucie Plant is analo-
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gous to a riverine situation. The calculation to determine entrairment

loss is the following:

mC~xQ
Cr

Percentage loss
Qr

where: m = Mortality rate of entrained organisms (assumed to be
100 percent, making m = 1.0);

Cp = Geometric mean concentrati on of orga ni sms per cubic
meter in the intake canal (Station 11);

Cr = Geometric mean concentration of organisms per cubic
meter (based on surface tows only) in offshore areas
(Stations 0 through 5);

Water flow, in cubic meters per second, through the
plant intake, based on maximum recorded daily value;

Qr = Water flow, in cubic meters per second, past the
pl ant.

More conservative estimates were made by assuming that the average

concentration of organisms entering the power plant intake is equal to

the average concentration of organisms offshore. When this's done, the

value of mC /C equals 1, and the percentage loss estimates are calcu-

lated strictly on a percentage volume basis.

Results and Discussion

Approximately 390 samples were collected and analyzed during the

period from 1 December 1978 through 13 December 1979. The results of

each sample analysis include the number of individuals within each taxon,

length ranges, the total numbers of eggs and larvae per cubic meter, an'd

total water volume filtered .
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Offshore Stations: E s

Fish eggs were collected during every sampling period. Densities

averaged 3.744/m3 during the study year and ranged from 0.000 to 3192.710

eggs/m,per individual sample. Egg densities were highest in May (Figure

B-10). The erratic occurrence of eggs during 1978 reflects the wide

variations in spawning seasons of the different fish species in the

offshore area (Table B-22).

During the 1979 study year, significantly (a=0.05) higher egg den-

sities were found at Stations 2 and 4 than at Stations 1 and 0 (Tables

B-23 and B-24). During 1977 and 1978, no over-all significant differen-

ces had. occurred between . the offshore stations (ABI, 1978, 1979a),
4

suggesting that the differences observed during 1979 are probably due to

natural year-to-year variation. When egg distributions were analyzed by

season, no significant differences between stations were found (Table

B-25).

When physical parameters were correlated with egg density, only tur-

bidity proved significant (Table B-26). This correlation, however,

expl a i ned 1 ittl e (r20 11 or 11 percent) of the variation in eg g

densities- The correlation between egg densities and turbidity was prob-

ably coincidental, rather than cause and effect.

The model developed for egg density, based on stepwise regression

anal ys is, i ncl,uded turbidi ty and water temperature as independent

variables',(Table B-27). Since the r2 value was low (0.22), however, the
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model explained very little of the variation in egg densities and con-

sequently had low predictive value.

Offshore Stations: Larvae

Fish larvae were al so col 1 ected during every sampl ing per icd.

Densities averaged 0.304/m3 during the study year and ranged from 0.000

to 7.189 larvae/m3 per individual sample. Larval densities were highest

in the summer and lowest in the autumn (Figure B-10). When comparisons

were made over the entire study year, no significant (a=0.05) differences

in larval densities were found between offshore Stations 0 through 5

(Table B-23). A seasonal analysis,- however, showed significant differen-

ces between the offshore stations occurring during the spring, summer,

and autumn (Table B-28). The significant (a=0.05) findings of this anal-

ysis are threefold: 1) spring larval densities were higher at Station 1

than at Stations 2, 3, 4, or 5, and Station 0 had higher densities than

Stations 2, 3, or 4 (Table B-29); 2) surlier larval densities were higher

at Station 3 than at all other offshore stat'ions (Table B-30); 3) and

autumn larval densities were higher at Station 1 than at all other

offshore stations (Table, B-31). During spr ing 1978, larval densities

were also significantly higher at Station 1 than at the other offshore

stations (ABI, 1979a). The higher larval densities observed at Station 1

may have been related to the higher food densities (ptptoplankton and

zooplankton) also found in that area. However, no significant differen-

ces were detected between the offshore stations by season during 1977

(ABI, 1978); and the observed differences in larval densities between

stations during 1978 and 1979 may be natural year-to-year variations.
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When physical parameters were correlated with larval densities, only

the negative correlation with turbidity proved significant (Table-B-26)-

As with egg densities, the correlation between larval densities and tur-

bidity was probably coincidental, rather than cause and effect.

The model developed for larval density, based on stepwise regression
P

analysis, included turbidity and water temperature as independent

variables (Table 8-32). With a low r2 value of 0.12, however, the model

explained very little of the variation in larval densities and thus had

low predictive value.

Offshore Stations: Larval Fish Taxa Re resented

The larval fishes most abundant during all seasons were herrings and

anchovies (Cl upe i formes ), which made up 71 5 percent of al l larvae

collected (Table B-23). High densities'of larval clupei forms occurred in

May, June, and July, and some were generally found throughout the year

(Figure B-11). Eight species of herrings and seven species of anchovies

were found. as adults in the plant area. The eggs and larvae of at least

two herring taxa, the menhaden and Atlantic thread herring, occurred in

the samples. Although menhaden spawn from December through March, gravid

(ripe) menhaden were collected in the St. Lucie area only in January and

February (Table B-22). The Atlantic thread herring spawns through most

of the year (Richards et al., 1974; Houde, 1977)- . Little is known of the

spawning habits of the anchovies found, except for the bay anchovy which

is an estuarine or nearshore spawner. Anchovy larvae were common in the

autumn ichthyoplankton collections. Although certain clupeiforms, such
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as menhaden, are commercially important, they are among the most abundant

of all fishes; it is unlikely that the St. Lucie Plant is significantly

affecting them.

Eighteen species of jack (Carangidae) have been collected in the

plant area, four of which (blue runner, Atlantic bumper, bigeye scad, and

Atlantic moonfish) have been found in ripe condition (Table 8-22).

However, other species of jack in ripe condition were probably not

collected due to their uncommon occurrence in the area. Jacks

(Carangidae) accounted for 7.6 percent of all larvae collected (Table

8-33) and were found from late January through October. The highest den-

sity occurred during the summer (Figure 8-12). The relative abundance of

jacks varied between seasons and was highest during the summer (Table

8-33). The predominant larval jack species were Atlantic bumper and

palometa. Jack lar'vae occur farther offshore where spawning takes place

and, because development proceeds rapidly, generally only the juveniles

and later stages reach coastal waters (Berry, 1959).

Of the 17 species of drum (Sciaenidae) recorded at the St. Lucie

area, 13 'were taken as ripe adults (Table 8-22). Maximum larval density

was recorded during the winter, although drum larvae were found

throughout the year (Figure 8-13). Larval drum made up 4. 1 percent of

all larvae collected from the offshore stations (Table 8-33). The rela-

tive abundance of this group varied between seasons and was appreciably
I

higher during the autumn and winter. Spot and Atlantic croaker

predominated, but other taxa (red and sand drum, silver perch, seatrout
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and kingfish) were also collected. These results are similar to the

findings of Powles and Stender (1976), who sampled larval fish popula-

tions from Cape Canaveral, Florida, to Cape Fear, North Caroli na. Spot

and Atlantic croaker spawn in the winter in offshore waters. Their lar-

vae approach the coast as they grow (Fahay, 1975) and then use estuaries

as nursery areas. Kingfish (Menticirrhus spp.) spawn offshore and use

shallow surf zone habitats when young. Seatrout spawn in estuaries or

shallow coastal waters, dependi ng on the species, and use a variety of

habitats for growth. For example, juvenile silver seatrout (<80-mm TL)

were commonly found during impingement sampling duri.ng 1978 (ABI, 1979a)

and were found in abundance during the,October 1979 tr'awl samples. The

St. Lucie Plant area apparently is used to some extent as a reproductive

and/or nursery area by these sciaenids because both larvae and juveniles

have been collected in the area.

Larvae of flatfishes (Bothidae and Soleidae), plectognaths, sea
I

basses (Ser ranidae), mojarras (Gerreidae), blennies (Blenniidae and

Clinidae), gobies (Gobiidae), and stargazers (Dactyloscopidae) also fre-

quently occurred in samples taken offshore the St. Lucie Plant (Figures

B-14 through B-20). These are not considered to be econcmically impor-

tant taxa, al though several of these famil i es are util i zed as forage

fishes.

It should be noted that several important species, such as snook and

bluefish, were not found. Snook (Centropomidae) are important sport fish
'

in the adjacent Indian River lagoon. Larval snook were neither encoun-
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tered nor expected in our collections because snook typically spawn in

bracki sh areas (Marshal l, 1958; Vol pe, 1959; Springer and Woodburn,

1960). Bluefish (Pomatomidae) are important sport and canmercial fish

which migrate through the offshore St. Lucie area. The study area is

south of their spawning -grounds (Deuel et al., 1966).

Occasional king and Spanish mackerel were found in the St. Lucie

ichthyoplankton collections. Spanish mackerel (Scombridae) have been

found in ripe condition in St. Lucie waters from April through June

(Table 8-22). While spawning may occur in the vicinity of the power

plant, the major spawning area of Spanish mackerel appears to be off the

Carolinas, with a disjunct spawning population in the Gul f of Mexico

(Wol l am, 1970). Deuel et al . (1966) reported ki ng mackerel larvae

offshore from Fl orida ' east coast.

Offshore Stations: E and Larvae Stud Com arisons

~Es - Fish eggs were found in waters offshore the St. Lucie Plant

year-round during each study year; maximum densities generally occurred

during the spring or summer of each year (Figure 8-21). The majority of

these eggs were probably clupeiforms, based on the relative composition

of the fish larvae found. A significant increasing trend in egg

densities was found during the period from 1976 through 1979 (Table

8-34). However, this increase was very small and its biological signifi-
cance is questionable. This trend is probably due to natural .causes and

not to operation of the St. Lucie Plant.
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Correlations between egg density and physical parameters were not

consistent from one year to the next except for a positive correlation

with dissolved oxygen during 1976, 1977, and 1978. The reason for the

positive correlation between egg density and dissolved oxygen is not

apparent, but is probably coincidental because dissolved oxygen was not a

limiting factor during these years. These correlations between egg den-

sities and physical parameters, al though statistical ly significant,

generally do not explain the over-all variations in egg densities found

during 1976 through 1979. This is probably due to the great complexity of

the biological system and to the many variables affecting egg distribu-

tion and abundance.

Larvae — Fish larvae were also found throughout the year in waters

offshore of the St. Lucie Plant during each study year. High larval den-

sities generally occurred during the spring and summer (Figure 8-21). No

significant trend in larval densities was observed during the period from

1976 through 1979 (Table B-34). The majority of the larvae found during

these years were herrings and anchovies (Clupei formes). Blennies,

gobi es, mojarras, drums, and jacks al so ccmmonly occurred in sampl es

collected during all years. In general, the composition of the larval

populations in the St. Lucie 'Plant area has not changed appreciably over

this time.

Neither the correl ations between larval densities and phys ical

parameters nor the regression models were consistent from one year to the

next; neither did they explain larval density variations. In general,
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attempts at single or multiple variable analyses with ichthyoplankton

abunda nc e or occurrence have not been very success ful (Parsons and

Takahashi, 1973). In a review of the effects of abiotic factors such as

sal inity and water temperature on marine ichthyopl a nkton, Lil1 el und
/

(1965) concluded that abiotic factors had only an indirect effect; he

also concluded that over-all effects were complex and probably associated

with biotic factors such as spawning success and predation.

Offshore Stations: Baseline Versus 0 erational Year Com arisons

Collections specifically for ichthyoplankton we'e not made during

the baseline (1971-1973) study. Thus, comparisons were made between the

baseline and operational study years using fish eggs and larvae collected

during baseline .and operational zooplankton sampling. Mean (arithmetic)

ichthyoplankton density increased from 39.0/m3 during the baseline study

to 123.5/m3 during the 1978 operational study, and then decreased to

85.9/m3 during the present study year (Tabl e B-35). The percentage

ichthyoplankton, that is the percent of total zooplankton collected for a

given study year made up of fish eggs and larvae, increased from 0.6 per-

cent during the baseline study to 6.4 percent during the present study

year. The cause of the above trends in mean density and percentage

ichthyoplankton are not known. However, it appears from this limited

amount of data that the operation of the St.. Lucie Plant has not reduced

offshore ichthyoplankton populations.
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Inshore Stations: E s and Larvae

The average densities of fish eggs at Stations 11 (intake canal) and

12 (discharge canal ) during this study were 0.831 and 0.193 eggs/m3,

respect ivel y. The average densities of larvae at the intake and

di scharge canal s were 0. 030 and 0. 019 1 a rvae/m3, respectively.

Significantly higher egg densities were found at Station 11 than at

Station 12 (Tables B-36 and B-37). No significant (a=0.05) difference

was found for larval densities between the intake and discharge canals

(Table B-36). In general, Station 12 consistently had lower egg and lar-

val densities than Station 11 during 1977 through-1979. Apparently egg

and larval mortality occurs during passage through the plant.

The average densities of eggs and larvae at the intake were.can-,

paratively lower than the averages reported for offshore stations (3.744

eggs/m and 0.304 larvae/m3, respectively). These di fferences al so

occurred during 1977 and 1978 (ABI, 1978, 1979a).

Possible explanations for the lower concentrations of eggs and lar-

vae recorded in the intake canal ccmpared to the surface densities at

offshore stations are that 1) the intake pipe is drawing cooling water

from a relatively depauperate depth not representative of surface

offshore areas and that 2) mortality may be occurring during passage

through the pipe or predation in the intake canal.

Statistical comparisons were made between egg and larval densities

found at the offshore intake Stations 1 (surface) and OI (mid-depth), and
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at the intake canal (Station 11). No significant (a=0.05) differences in

either egg or larval densities were found between Stations 1 and OI

(Tables B-38 through B-40). Furthermore, mean densities by taxon and

relative abundance varied little between these stations (Table B-41).

Thus the area close to the offshore intake is not a depauperate one and

is representative of offshore waters in the vicinity of the plant.

Both egg and larval densities were significantly higher at Stations

1 and OI than at Station ll (Tables B-38 through B-40). Although this

trend was consistent for each taxon collected, these differences are pri-

marily due to the large decrease in numbers of clupeiformes in the intake

canal (Table B-41). Except for flatfishes, which were relatively more

abundant in the intake canal than in the offshore intake area, the rela-

tive abundance changed very little between offshore intake and intake

canal areas. The lower larval densities in the intake canal were prob-

abl e due to mortal i ty from both mechanical injuries incurred duri ng

passage through the intake pi pe and predati on. Mortal ities due to

mechanical injury are suspected because most of the larval fishes

collected from the intake canal were physically damaged. Predation is

also suspected because the inside surface of the intake pipe is encrusted

with barnacles and because schools of fishes, such as sil ver porgies,

sergeant majors and jacks, were regularly observed aggregating where the

water from the intake pipe first enters the intake canal. Both barnacles

and fish probably feed heavily on larval fishes during their passage

through the pipe and as they enter the. canal.





Inshore Stations: Entrainment

In order to put the impact of entrairment into perspective with

ichthyopl ankton popul ations in offshore waters, it was necessary to

define an offshore boundary for the region from which ichthyoplankton are

potential ly drawn. For thi s assessment of entrai rrnent impact, the

offshore boundary is located at Station 3. Fish egg and larval popula-

tions beyond this boundary are assumed to be unaffected by .plant

operation. The distance between the imaginary offshore boundary and the
e

shoreline is approximately 3500 m, with an average depth of 9.2 m for a

calculated cross-sectional area of 32,200 m . The near-surface2

r

ichthyoplankton tows represented populations to an approximate depth of

only 3 m. Because stratification of ichthyoplankton could lead to erro-

neous population estimates, an additional calculation producing a cross-

sectional area of 10,500 m was therefore made based on the 3-m depth.2

The average current velocity in this region, with a prevailing direction

to the north, is approximately 0.17 m/sec (Envirosphere, 1977; Worth and

Hollinger, 1977). Current vel ocity multipl i ed by each of the cross-

sectional areas provides figures for the volume of water per second

flowing past the plant: 5474 m /sec assuming an'area of 32,200 m and3 2

1785 m /sec assuming an area of 10,500 m .3 2

Using the above volume figures and the technique proposed by

Goodyear (1977) outlined in this section's "Materials and Methods," it is

then possibl e to estimate the percentage of fish eggs and larvae

entrained as they drift past the plant. The percentage loss estimates

for 1976 through 1979 for fish eggs or larvae was usually less than 1

B-41





percent of the offshore egg and larval populations (Table B-35). This

occurred whether or not the average egg or larval densities in the intake

canal were assumed to be equal to the average egg or larval densities in
7

the defined offshore areas (mCp/Col, or =. 1); this was also the case

whether the cross-sectional area was assumed to be 32,200 m or 10,5002

m (Table B-42). A worst case of 1.8 percent loss was calculated. The2

percentage'loss estimates for eggs and larvae were not considered to be a

significant proportion of the ichthyoplankton occurring in the vicinity,

of the plant. Therefore, entrainment of ichthyoplankton at the St. Lucie

Plant was not considered to be of environmental concern.

SUMMARY

The fish communities offshore of the St. Lucie Plant were tran-

sitional assemblages of temperate and tropical forms.'abitats within

the influence of normal St. Lucie Plant operations included the surf

zone, the open bottom and the neritic zone. The number of fish species

found in these habitats is relatively low compared to the number of spe-

cies from the Indian River lagoon, grass flats, from around inlets and

inshore reefs which provide cover, and from the offshore reefs. Those

habitats were either of limited extent or beyond the influence of normal

plant operations.

Fish and shellfish were sampled in the plant's intake and discharge

canals and at oceanic stations. Sampling was conducted by gill netting,

trawling, and beach seining for the relatively large forms and by plank-

ton 'netting for the small fish eggs and larvae.
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Gill netting in the intake canal provided data which showed that

fishes were not accumulating there. When compared to the numbers of

fishes collected during, offshore studies, the number entrapped in the

intake canal appeared to be relatively low. This was attributed to the

vel ocity cap at the offshore inlet of, the intake pipe which enabled

fishes to avoid the intake. Of particular importance is the fact that

very few migratory fishes of sport and commercial importance have been

entrapped in the intake over the past 4 years of study.

Discharge canal gill netting was conducted during 3 months when the

circulating water pumps were off. A very low catch indicated that a con-

siderable amount of time would be required for fish and shellfish popula-

tions to become established there. Thus, only a few individuals would be

subjected" to potential thermal effects in the discharge canal once the

plant resumed normal operation.

The discharge and control stations yielded consistently more fishes

during 4 years of gill netting and trawling than the offshore stations.

Differences between stations were attributed to the chance occurrence of

highly mobile schooling species and to station location in„relation to

distance from shore. No detrimental effects of the offshore thermal

plume on fishes, including the commercially important migratory species,

could be 'discerned from the distribution and number of fishes collected.

Similarly, none of the differences in what species of fishes were repre-

sented and their relative percentage composition, during the baseline

study and environmental monitoring, could be attributed to plant
J

operation.
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The majority of fishes collected by beach seining were found during

the summer of each year, and the largest percentage of the total catch

was found north of the plant. Although the reason for the higher abun-

dance to the north was not clear, no plant-induced effects were

demonstrated.

Ichthyoplankton were generally abundant duri ng the spring and summer

of each year. The most common larval fish taxon was clupeiform, a group

of primarily forage species which are abundant in .the St. Lucie area.

Differences in ichthyoplantkon densities between offshore stations were

attributed to natural year-to-year and seasonal variations in fish

populations, not to plant operation. Comparisons between baseline and

operational study years indicate that operation of the St. Lucie Plant

has not reduced ichthyoplankton populations in the vicinity of the plant.

The average densities of ichthyoplankton found in the intake canal

were lower than those found at the offshore stations. The ichthyoplank-

ton entrained were considered to be an insignificant proportion of the

ichthyoplankton populations occurring in the vicinity of the St. Lucie

Plant, and therefore, not considered to be of envirorrnental concern.

Changes in the composition and relative abundance of the fish com-

munities and. differences, also, in their spat'ial and temporal distribu-

tion during the last 4 years were not attributed to arp plant-related



1

I



effects. The impact of the St. Lucie Plant's operation on the popula-

tions of fish and shellfish offshore of- Hutchinson Island was considered

negligible.
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Figure B-1. Canal gill net stations, St. Lucie Plant, 1979.
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Figure B-20. Mean density of Dactyloscopidae larvae at Stations 0 through 5, St. Lucie.
Plant, December 1978 -.December 1979.
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TABLE B-l

NUMBERi SIZE, AND PERCENTAGE COMPOSITION OF SHELLFISHES AND FISHES
COLLECTED BY GILL NETTlt6 AT CANAL STATIONS

ST+ LUCIE PLANT
1979

S acies
Number of

Indlvlduals

Range of Percenta e com osltfon
standard Total u ero oa

Ien ths (mn) wel ht ( ) individuals wel ht

blue crab
spiny lobster
stone crab

148
21

4

101-188
56-120
77-106

28,449
16,286

937

85+6
12+'I
203

62.3
35.7

2+0

Total
ane snapper

sheepshead
s I I ver porg y
p inf I sh
sa I I ors choice
porkfish
crevalle Jack
sea catfish
striped moJarra
spot
p lgf I sh
great barracuda
horse-eye Jack
Atlant lc bumper
white grunt
black margate
spotted scorp ionf I sh
Atlant lc spadef I sh
k I ng mackerel
blue runner
blackwing searobin
grey snapper
spotfln moJarra
nurse shark
black drum
southern f lounder
white mul let
Span I sh mackerel
bighead searobln
yellow Jack
tcmtate
Florida pompano
mutton snapper
Atlantic moonflsh
bullnose ray
At lant lc croaker
snock
yel lowfln mojarra
striped mullet
sea brean
tarpon snook
cero
cubbyu
mojarra
bluntnose stingray
.southern stingray

173

71
53
45
32
25
24
17
17
16
15
13
12
12
11
10
10
8
8
8
8
6
6
5
5
4
4
4
4
4
4
4
4
4
3
3

. 2
2
2
2
2

1

2
2
I
I

139% 53
123-240
149-247
126-273
133-260
167%25
156-291
135-241
172-250
135-302
462-1076
132-249
114-212
181-245
165-423
13D216
128-321
346%91
156-308
122-224
25D465

89-127
879"1410
202-577
317 "612
269-336
328-388
196-241
177-284
82" 192

145-"165
216-260
104-152
360-385
244-348
358%38
273"297

300
213-248
334-407
32D335
136-198
230-290

411
502

45672

81,508
9044a

10,273a
13,118

4431a
13,572a

5302
2712
3140
4538a

36,039a
2483a

741
3212
861 3a
4161
4478
4147a
3014

744'158

230
43,975
13,701
I 1,084

2 183
1784
1130
1054
477
461
292a
139

1975
1757
2226
1359
1000
905
582a
430
292

3325
3225

100.0
lo

IO 7
8,0
6,8
4.8
3,8
3+6
2+6
2,6
2,4
2+3
2.0
1.8
I+8
I ~ 7
I ~ 5
I ~ 5
I ~ 2
i+2
I ~ 2
I ~ 2
0,9
0,9
08
0+8
0.6
0.6
0+6
0+6
0,6
0+6
0,6
0+6
0,6
Oe5
0.5
0+3
Oo3
0.3
Oo3
Oa3
0+3
0+3
Oo3

<0+2
<0 2

100,0
20

2l+8
2+4
2+8
3.5
I ~ 2
3o6
1,4
0.7
0 8
I ~ 2
9+7
0+7
Oo2
0,9
2+3
I ~ I
1 ~ 2
I ~ I
Oo8
Oe2
I ~ I

<Oe I
I i+8
307
3,0
Oo6
0,5
Oo3
0.3
Oo I
0,1

<Oo I
<Oo I

0+5
Oo5
Oo6
Oo4
0.3
0+2
0+2
Oo I

<Oo I

0,9
0+9

B-70
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TABLE B-l
(cont inued )

NUMBER, SIZE, AND PERCENTAGE COMPOSITION OF SHELLFISHES AND FISHES
COLLECTED BY GILL NETTlt6 AT INSHORE (CANAL) STATIONS

ST+ LUCIE PLANT
1979

S ecles
Number of

individuals

Range of Percenta e com os itlon
standard Total u er o otal '

en ths (mm) wel ht ( ) Indi vldua is wel ht

seal I oped hammerhead
smooth butterf ly ray
Atlantic guitarf lsh
red grouper
ladyf I sh
smooth dogfish
I ookdown
silver seatrout
cobl a
southern stargazer
southern kingfish
sand drum
greater soapflsh
gulf flounder
whltebone porgy
red snapper
big eye
searobl n
dusky flounder
scaled sardine
Atlantic thread herring
sll ver Jenny
kingfish

836
544
737
338
450
657
269
290
338
214
268
253
197
230
192
200
175
197
193
115
102
85

274

2650
1750
1450
1116
1020

791
705
490
437
4I5
406
350
301
284
258
248
187
156
133
34
25
21

<Oo2
<0+2
<0+2
<0+2
<Oo2
<0.2
<Oo2
<0 2
<Oo2
<0 2
<0+2
<0 2
<Oo2
<0 2
<Oo2
<0+2
<0 2
<Oe 2
<0 2
<0 2
<0+2
<0 2
<Oo2

0+7
Oe5
Oo4
0+3
Oo3
Oo2
0,2
0,1
0+ I
Oo I

Oo I
<0 I
<0. I
<Oo I
<0 I
<0 I
<0 I
<0 I
<0.1
<Oo 1

<0 I

<Oo I
<0.1

Tote I

a
Includes I to 5 fragments.

661 373 330 100+ 0 100,0

B-71





TABLE B-2

'ESULTS

OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
1-2 JANUARY 1979

S ecies

Number Range of
of standard

individual s 1 en ths ran

Total
weight

silver jenny
spotfi n mojarra
pygmy sea bass
belted sandfish
Atlantic bumper
Atla nt ic moo nfi s h
bar jack
barbfish
spotted scorpionfish
spotted whiff
flounder (B. robinsi)
southern tTou~n er
bay whiff
blackwing searobin
1 eopard searobin
bighead searobi n
northern searobi n
hairy blenny
seaweed blenny
oyster blenny
Cuban anchovy
striped anchovy
longnose anchovy
anchovy
bay anchovy
jawfish
blackcheek tonguefish
offshore ton'guefish
s pot ted fi n tong uef i sh
bank cusk-eel
spotted soapfish
greater soapfish
sand drum
striped croaker
southern kingfish
'silver seatrout

29
2

28
1

27
2
1

21
5

17
2
2
1

15
12

7
1

14
1

1

13

4
4

3,
12
12

2
1ll

10
1

10
9

2
2

71-92
53-62
32-53

49
34-152
25-27

145
29-159

144-182
69-145
60-66

299-400
107

41-203
133-171
31-76

37
71-115

46
46,

35-60
77-108
43-70
50-70
52-77
52-67
52-139
71-105

113
124-233
52-97

102
41-101
56-87
48-64
84-91

406
7

44
4

341
2

48
400

1132
384

14
2040

24
430
520

38
1

284
2
3
9

38
6
7

5
44

173
15
17

716
'2

26
34
57

5
22

B-72
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'I TABLE B-2
(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
1-2 JANUARY 1979

S ecies

Number Range of
of standard

individual s 1 en ths mm

Total
weight

high hat
gulf kingfish
silver perch
tomtate
sailors choice
white grunt
lined sole
naked sole
bandtail puffer
planehead filefish
Atlantic midshipman
leopard toadfish
palespot'ted eel
shrimp eel
sooty eel
Atlantic thread herring
scaled sardine
Spanish sardine
bull pipefish
chain pipefish
lined seahorse
southern stargazer
goby
Seminole goby
surgeonfish (Acanthurus sp.)
doctorfi sh
Atlantic cutlassfish
sea catfish
scrawled cowfish
lesser electric ray
twospot cardinalfish
dusky cardinalfish
tripletail
inshore lizardfish
Atlantic spadefish
blackedge moray

I

1

1

1

9

,3
1

9
4
8
8
7
1

7

2
2
7

7
6
6
5
1

6
3
1

3
1

3
2
2
2
2
2
2
2
1

1

75
164
114

43-69
56-58

87
47-93

100-133
43-92
26-65
62-185

144
292-360
250-311
607-609
46-80
87-111
72-86

248-286
103-296

66
53-173
78-84

44
19-26

199
162-171
142-159
167-191
117-121
48-56
47-48
82-104

124-139
64
241

ll
72
33
44
16

8
206
186

87
47

351
91

274
59

109
44

129
40
64
40

1

810
13

1

2
316

5
110
347

67
8
7

'4

38
20
20

B-73
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TABLE B-2
.(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
1-2 JANUARY 1979

S ecies

Number Range of
of . standard

individuals 1 en ths mm

Total
weight

bandtooth conger
bullnose ray
hogfish

'hrimp
blue crab,
blue crab (Callinectes s'p.)

1
1'

417
131

60

214
364
134

8-50
11-140
20-43

18
626

98

2026
1489

120

B-74
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TABLE B-3

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
4-5 JANUARY 1979

S ecies

Number Range of
of standard

individual s l en ths mm

Total
'eiht

bank cusk-eel
blotched cusk-eel
naked sole
lined sole
spotted whif,f
dusky flounder '-

bay whiff
fringed flounder
southern flounder
eyed flounder
gulf flounder
flounder (Citharichth s sp.)
flounder (B. robinsi
silver jenny
hairy blenny
seaweed blenny
molly miller
blackcheek tonguefish
offshore tonguefish
spottedfin tonguefish
leopard searobi n
striped searobi n
blackwi ng searobi n
bighead searobi n
northern searobi n,
tomtate
sailors choice
inshore lizardfish
shrimp eel
pal espotted eel
sooty eel
barbfish
s pot ted sc orpi onf i sh
smoothhead scorpionfish
Cuban anchovy
striped anchovy

124
47
89
13
78
20

7
3
2
2
1

1

1

72
66

1

1

57ll
1

42
6
6
6
1

25
. 5
21
19
12

2
16

8
4

15
8

145-262
83-263
92-132
53-99
51-144„
71-214
76-105
79-123

308-419
42-72

229
60

117
68-119
54-172

47
64

53-159
81-133

108
114-171
101-168
122-204

47»209

107'5-87

33-74
129-286
283-444
282-444
621-644
41-176

144-197
57-103
38-63
64-82

7777
2432'154

364
2243
2292

102
59

2630
11

279
4

40
1173
1364

2
8

1347
195

16
1846

523
527
333

20
172

32
2598
1039

390
161

1520
2164

63.
17
53
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TABLE B-3.
(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
4-5 JANUARY 1979

S ecies

Number Range of
of 'tandard

individuals len ths ran

Total
weight

bigeye anchovy
.pygmy seabass
black seabass
rock seabass
belted sandfish
Atlantic bumper
Atlantic moonfish
southern stargazer
scaled sardine
Spanish'ardine
Atlantic thread herring
cocoa damselfish
beaugregory
sergeant major
greater soapfish
spotted soapfish
Atlantic midshipman
scrawled cowfish
southern puffer,
bandtail puffer
lesser electric ray
high hat
silver perch
striped croaker
southern kingfish
silver seatrout
chain pipefish
bull pipefish
lined seahorse
sea catfish
blackedge moray
dusky cardinalfish
twospot cardi nalfish
silver porgy
whitebone porgy
Atlantic spadefish

1

12
6
1

1

10
1 ~

9
9
8
5

'8
1'

7

5
6
5
5
4
5

4
2
2
2
4
2
1

3
3
2
1

,2
1

2.

73
'35-47
63-96

46
46

32-117
26

35-1 98
63-107
70-80
58-102
43-80

59
54

74-139
, 53-77 ~

47-135
70-158
63-157
47-74

110-126
73-84
87-1 44
69-119
61-68
75-103

146-307
264-267

87
133-158
246-281

43-45
53

71-108
171

35-66

5
15

,55
2
2

122
1

1071
155

36
48

101
12
10

382
39

190
712
265

25
156

47
135

46
8

28
19
19
11

139
98

7

6
32

216
17

B-76
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- TABLE B-3
(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
4-5 JANUARY 1979

S ecies
slender pike eel
bluntnose stingray
lane snapper
northern sennet
bonnethead
doctorf i sh
tripletail
Atlantic guitarfish
gray triggerfish
jawfish
dusky jawfish
slippery dick
parrotfish (Scarus sp.)
parrotfish (~Sarisoma sp.)

Number Range of
of standard

individuals 1 en ths mm

326
232

76
43

493
37

162
398
142

68
- 48

63
46
68

Total
weight

58
642

12
1

564
2

140
266

93
8
3
4
2
8

shrimp
blue crab
blue crab (Callinectes sp.)

879
122

85

7-43
30-150
21-45

2150
1483

147

B-77





TABLE B-4

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
8-9 JANUARY 1979

S ecies

Number Range of
of standard

individuals 1 en ths mm

Total
weight

silver jenny
spotfin mojarra
Atlantic bumper
blue runner
naked sole
lined sole
tomtate
sailors choice
pigfish
scaled sardine
Atlantic thread herring
Spanish sardine
bank cusk-eel
blotched cusk-eel
silver seatrout
silver perch
striped croaker
reef croaker
sand drum
gulf kingfish
kingfish
spot
high hat
star drum
hairy blenny
Cuban anchovy
striped anchovy
blackwing searobin
bighead searobin
leopard searobin
striped searobin.
blackcheek tonguefish
offshore tonguefish
tonguefish
Atlantic spadefish
pale spotted eel
shrimp eel
bandtooth conger
Atlantic cutlassfish

57
3

50
1

52

6'6

2
6

22
5
7

20
3

20
11

5
1

7

4
1

2
1

2
17
16

6
7
2
1

10
3
1

10
8
3
1

6

49-105
97-120
66-206

157
100-146

58-94
46-104
65-68

132-158
56-110
71-94
66-99

151-257
183-207
29-39

108-1 34
67-75

80
36-1 35
46-1 69

31
152-157

78
63-76
48-1 04
37-50
70-89
72-149
44-71

132
159-210

42-145
57-1 37

50
42-77

270-305
293-470

225
137-185

818
92

944
78

2525
128
440

14
401
373

45
36

1094
172

20
396

37
11

101
89

1

161ll
18

250
11
33

538
13
30

530
155

37
2

125
155
216

15
15

B-78
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TABLE B-4
(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT
8-9 JANUARY 1979

S ecies

Number Range of
of standard

individuals len ths mm

Total
weight

barbfish
spotted scorpionfish
smoothhead scorpionfish
southern puffer
bandtail puffer
pinfish
sil ver porgy
spotted, whiff
smal lmouth flounder
fringed flounder
flounder (B. robinsi )
lookdown
Atlantic moonfish
Atlantic midshipman
blackedge moray
lesser electric ray
bullnose ray
rock sea bass
black sea bass
belted sandfish
greater soapfish
surgeonfish
french angelfish
grey angelfish
planehead filefish
striped burrfish
inshore lizardfish
barbu
lane snapper
flamef i sh
lined seahorse
hogfish
bay "anchovy

3
2
1

6
2
4
1

6
1

1

1

5
1

3
1

2
1

1

1

1

1

2
1

1

1

1

1

1

.2

1

1

1

1

152-189
68-206

53
54-137
81-84

135-139
64

44-130
72

100
71

29-115
26

87-1 74
305

67-1 69
351
101

93
43

148
25-27

226
176
175
137
179
150

61-83
63
94

147
51

554
407

6
179

32
305

10
97

9
21

9
115

1

65
47

577
505

26
22

2
86

2
746
294
165
227

48
68
20

8
4

137
2

shrimp
blue crab
blue crab (Callinectes sp.)

1479 ~ 8-38
36 26-168
36 21-40

381 3
1220

57

B-79
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TABLE B-5

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT

11-12 JANUARY 1979

S ecies

Number Range of
of 'tandard

individuals len ths mm

Total
weight

naked sole
lined sole
silver jenny
spotfin mojarra
Atlantic bumper
Atlantic moonfish
lookdown

~crevalle jack
1 eatherj acket
bar jack
scaled sardine
Spanish sardine
Atlantic thread herring
bank cusk-eel
blotched cusk-eel
cusk-eel
hairy blenny
oyster blenny
spotted whiff
fringed flounder
dusky flounder
ocellated flounder
smallmouth flounder
southern flounder
flounder
bighead searobi n
leopard searobi n
blackwi ng searobi n
northern searobin
tomtate
pigfish
sailors choice
blackcheek tonguefish
offshore tonguefish
tonguefish
barbfish

'potted scorpionfish
southern puffer
bandtail puffer

89
17
88

6
49

4
3
2
2
1

48
14

9
47
10

1

44
1

22
4
4
3
2
1

1

19
10

7

1

19
8
5

12
3
1

13
8

12
4

91 -134
40-89
46-131
44-126
35-156

'2-90

23-42
34-287
58-89

166
67-117
70-116
80-91

104-240
84-234

85
57-111

43
52-148
82-106
87-1 95
34-149
72-79

365
205

27-241
106-1 67

65-122
47

40-93
117-143

60-74
57-1 34

122-139
47

33-168
101-214
45-152
55-87

. 3177
364

1407
79

738
34
56

627
9

* 75
987

78
77

2759
347

5
751

2
712

64
286

73
17

fragment
140
546
384
135

2.
257
400

45
260

95
2

506
1633

286
53

B-80





TABLE B-5
'continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT

11-12 JANUARY 1979

S ecies

Number Range of
of standard

individuals len ths mm

Total
weight

inshore lizardfish
shrimp eel
palespotted eel
Atlantic croaker
silver perch
gulf kingfish
spot
striped croaker
star drum
banded drum
high hat
southern kingfish
pinfish
Atlantic spadefish
chain pipefish
bluntnose stingray
Atlantic stingray
striped anchovy
Cuban anchovy
bigeye anchovy
sea catfish
scrawled cowfish
black sea bass
pygmy sea bass
sand perch
sand perch
dwarf sand perch
rock sea bass
belted sandfish
spotted soapfish
greater soapfish
leopard toadfish
Atlant'ic midshipman
toadfish (~0 sanus sp.)
lesser electric ray
bullnose ray
smooth butterfly ray
twospot cardinalfish
bronze cardinalfish
doctorfish

ll
8

8
4
3
2
2
2
1

1

1

7

7

6
5

1

5

3
4
4
4
3
2
2
1

1

1

3
1

3
3
1

3
2'

2
1

2

120-262
272-377
269-357
30-49.

115-141
43-137

160-198
58-69
75-96

36
80
59

101-136
46-109,

121-227
177-217

138
69-94
35-57
64-70

160-234
86-181
58-112
39-42
94-99
57-65

104
109

44
67-72

142
'0-137

58-91
126

111-193
339-368

382
60-68

32
120-129

1568
302
123

9
174
123
234

10
34'

11
3

281
187

17
1807

2
39

5
103
374
573

70
5

37
10
24
29

3
26

87'12

25
fragment

188
1175

625
14

1
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TABLE B-G
(continued)

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT

11-12 JANUARY 1979

S ecies
surgeonfish
gray triggerfish
planehead filefish
orange filefish
unicorn filefish
French angelfish
blue angelfish
cocoa damselfish
blackedge moray
sooty eel
polka-dot batfish
tripletail
lane snapper
yellowtail snapper
hogfish
striped burrfish
yellowhead jawfish

Number Range of
of standard

individuals len ths ran

25
107

33
392
352
233
241

60
504
756
221

77
53
84

109
175

59

Total
weight

1

32
2

784
651

fragment
fragment

2
297

56
375'5

5
13
42

222
4

shrimp
bluecrab
bluecrab (Callinectes sp.)
lobster (Panulirus sp.)

1782
105

55
1

6-39
31-179
17-36

9

3957
4479

88
1

B-82
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TABLE B-6

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT

15-16 JANUARY 1979

S ecies

Number Range of
of standard

individuals len ths mm

Total
weight

silver jenny
spotfin mojarra
Atlantic croaker
silver seatrout
spot
bank cusk-eel
hairy blenny
palehead blenny
seaweed blenny
tomtate

. pigfish
Atlantic bumper
Atlantic,moonfish
jack (Caranx sp.)
scaled sardine
Atlantic thread herring
blackwing searobi n
leopard searobi n
bighead searobi n
scrawled cowfish
lesser electric ray
Cuban anchovy
longnose anchovy
striped anchovy
bigeye anchovy
barbfish
blackcheek tonguefish

. spotted whiff
Atlantic midshipman
inshore lizardfish
palespotted eel
pinfish
sil ver porgy
chain pipefish
bull pipefish
bluntnose stingray
Atlantic spadefish
dusky cardi nalfi sh
southern stargazer
butterf i sh
pl anehead fi 1 ef i sh

B-83

21
5
7'

1

6
6
1

1

6
1

5
1

1

5
3
5
3
1

3
1

1

1

3
3
2
2
2
2
2
1

1

1.
1

1

1

1

1
~ 1

62-98
72-110
31-40
33-42

157
121-196

55-88
61

46
40-139

151
66-106

61

34
'2-109

82-95
62-113 .

111-155
63

134-160
121-318

32-40
42
87
73

161-194
59-109
82-122
85-193

131-200
289-350
100-102

67
181
268
207
104

~ 48
158

91

27

282
75

6
7

111
633

80
6
3

108
108

54
5,
1

108
33
79
92

7
640
661

2
1

8
5

539
32
53

151
50
55
77

'0

2
12

377
fragment

3
173

45
1
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TABLE B-6 .

(c ont i nued )
RESULTS OF IMPINGEMENT SAMPLING

ST. LUCIE PLANT
15-16 JANUARY 1979

S ecies

Number Range of
of standard

individual s l en ths mm

Total
wei ht

orange filefish
olka-dot batfish
1ackedge moray

. spotted soap fish
silver perch
southern. puffer
frillfingoby

shrimp
blue crab
blue crab (Calli nectes sp.)

1

1
, 1

1

1

1

1

161
24

4

402
189
261

61
, 118

79
51

9-24
22-159
18-34

1004
279

28
7

36
19

3

612
1179

7,

B-84





TABLE B-7

RESULTS OF IMPINGEMENT SAMPLING
ST. LUCIE PLANT

18-19 JANUARY 1979

S ecies

Number Range of
of standard

individuals len ths ran

Total
weight

silver jenny
spotfi n mojarra
Atlantic bumper
lookdown
naked sole
lined sole
hairy blenny
seaweed blenny
Atlantic thread herring
Spanish sardine
silver seatrout
spot
sand drum
Atlantic croaker
striped croaker
silver perch
high hat
star drum
Cuban anchovy
bay anchovy
spotted whiff
offshore tonguefish
blackcheek tonguefish
Atlantic cutlassfish
Atlantic spadefish
-sea catfish
bank cusk-eel
inshore lizardfish
chain pipefish
1 ined seahorse
bandtail puffer
southern puffer
bighead searobi n
leopard searobin

shrimp
blue crab
blue crab (Callinectes sp.)

14
2

10
1

10
1

9
2

2
4
2
2
1

1

1

1

1

3

1

3
3
1

2
2
1

1

1

„1
1
1.

1

1

1

363
21

3

49-92
66-80
72-142

77
94-143

55
67-1,01
63-65
82-99
75-77
39-45

139-184
42-43

37
71

114
71
86

36-45
50

90-132
80-110

78
152-187

54-61
97

184
83

172
125

68
129

30
189

8-32
44-165
27-37

156

22'55

20
348

10
114

17
, 39

13
*

6
318

3
'1

10
33

8
17

2
1

83
26

6
5

30
15
48

5
2

19
10
76

1

104

1170 .

2176
6

B-85





TABLE B-8

RESULTS OF IMPINGEMENT SAMPLING

ST. LUCIE PLANT
22-23 JANUARY 1979

S ecies

Number Range of
of- standa rd

individuals len ths mm

Total
wei ht

Atlantic cutlassfish
hairy blenny
striped anchovy
Cuban anchovy
naked sole
silver jenny
Atlantic bumper
lookdown
leatherjacket
tomtate
sailors choice
French'runt
Atlantic thread herring
Spanish sardine
scaled sardine
lane snapper
lined seahorse
silver porgy
star drum
silver seatrout
bank cusk-eel
spotted whiff
bay whiff
palespotted eel
smoothhead scorpionfish
southern puffer
sergeant major
butterfish
bighead searobi n

shrimp
blue crab
blue crab (Callinectes sp.)

17
12

7

4
5

3
1

1

2
'

2
1

2.

1

1

2
2
2
2
2
1

1

1

1

1

1;
1

1

1

93
19
12.

180-235
77-107
70-104
37-44

106-133
75-82
94-97

134
93

62-77
43-51

45
70-79

96
84

46-72
. 291
72-81
74-75

159
205

78
96

242
99
91
78

124
82

7-42
41-180
23-39

85
195

53
3

248
50
39
74

7

16
25

2
13

9
'10
'12
24
30
20
31
71

9
20
10
42
35
21
77
15

507
1567

30

B-86
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TABLE B-9

NUMBER OF FISHES COLLECTED BY GILL NETTINGa AT CANAL STATIONS
ST. LUCIE PLANT

1979

Taxon
Total by Percentage

Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec taxon corn osition

porgy
'napper

grunt
jack
mojarra
croaker
scorpionfish;

searobin
catfish
shark, ray

-mullet
spadefish
other fish

36 14
8 11
9 '5
7 .5
1

5 3

20 8 14 8
3 14 34 4
2 5 14 6
6 5 8 1

5 1 2
1 1 5

3 1 2 5
5 3 1 3 1 3

8 4 1

2 2 2
1 1 .1 2

10 1 4 2 6

1
* ll 16 31

3 1 21 20 25ll 13 26
2 . 6 9 12
2 1 10 5
2 2 ~ 1

1

9 4

13 172
7 151
5 96
9 70
1 28
7 27

8 23
1 20

14
6
6

6 48

26.0
22.9
14.5
10.6
4.2
4.1

3.5
3.0
2.1
0.9
0.9
7.3

Total 87 '53 38 50 84 33 12 2 65 72 108 57 661 100. 0

aSix 24-hour net sets per month.

Strong intake currents reduced efficiency of'the nets durihg August.
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TABLE B-10

COMMERCIAL FISHERY LANDINGSa FOR ST. LUCIE COUNTY

MARTIN COUNTY, AND THE FLORIDA EAST COAST
1976

Species

amberjack
blue runner
bluefish
catfish, sea
crevalle jack,
croaker
dolphin
drum, black
goatfish
groupers and scamp
herring, thread
jewfish
king mackerel
king whiting (kingfish)
menhaden
mullet, black (striped)
mullet, silver (white)
pompano
sand perch (mojarra)
sea trout, spotted
sheepshead
snapper, mangrove
snapper, red
Spanish mackerel
Spanish sardine
spot
tilefish
unclassified, food
unclassified, misc.
other fishc

St. Lucie
County

35,042
23,799

277,128
0

9,109
2,352

13,297
9,995
1,320

72,597
0

5,824
2,411,793

6,049
37,070

139,614
41,070
97,084
8,472

23,253
16,142
21,587
265129

3,608,391
0

68,617
107,875
49,596

713
64,002

Commercial catch lb
Martin
County

4,884
31,319

522,613
12,442
34,705
45,223

285
35,196
78,590
5,726

57,529
15,786
95,708
23,771
16,834

225,488
14,683
82,494

104,370
10,211

100,773
3,811
2,358

3,177,067
16,045
36,324
2,964

27,995
112,798
128,143

Florida
East Coast

66,091
67,398

1,379,814
45,301
96,596
78,471
26,759

120,837
96,121

747,154
57,529
53,247

4,820,890
768,403

10,131,313
1,930,091

296,495
444,264
125,663
531,707
231,875

88,941
487,900

9,588,569
16,175

533,881
151,404
257,980
225,247

2,755,008

Total 7 177 920 4 935 439 36 221 124

aNOAA (1978) is the most recent source
statistics.

available for commercial landings

bSpecies in which over 10,000 lb were
Martin Counties.

landed in either St. Lucie or

were landed in

B-88

cSpecies in which less than 10,000 lb
Martin Co'unties.

both St. Lucie and
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TABLE B-I I

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED
BY GILL NETTlt6 AT INTAKE CANAL STATIONS DIRING ENV IRONENTAL hGNIT(RING

ST+ LlC I E PLANT
1976 - 1979

Taxon
Number of
fishes

1976a

Percentage
corn osition

1977b

Number of Percentage
f I shes corn os lt ion

1978c

Number of Percentage
f I shes c os It ion

1979d

Number of Percentage
f ishes corn os ltion

croaker

mullet

grunt

snap per 62

25 0

20.3

14~2

14+0

23

41

49

5 7

7eO

10+2

12+2

103

244

203

21o2

16+7

96

151

14~5

22+9

27 4~1

6 0 9

Jack

scorp ionf I sh, searobl n 16

8 3

3+6

2+5

56

47

14,0

2 0

11,7 103

23m I

6+3

7+1

70

23

172

10 6

3 5

26 0

anjarra

spadefish

shark, ray

catfish

other fish

10

40

2 3

0,4

0+4

0,0

9.0

34

27

0,8

21+0

8+5

0+2

6+7

18

57

23

64

73

3 9

1 6

4~4

5o I

14

20

48

4+2

Oo9

2 I

3oO

7+3

Total 444 100.0 401 100,0 1455, 100,0 661 100.0

aTotal of 5670 m of net fished.

Total of 3292 m of net fished.

Total of 4267 m of net f ished.

Total of 4389 m of net fished ~



I



TABLE B-12

NUMBER, SIZE, AND PERCENTAGE COMPOSITION OF SHELLFISHES AND FISHES
COLLECTED BY OFFSHORE GILL NETTI%

STe LUC I E PLANT
1979

S ecles
Number of

ind I v I dua I s

Range of Percenta e com osltlon
standard Total u er o ota

len ths (mn) wel ht ( ) Individuals wel ht

spiny lobster

Atlantic bumper
Spanish mackerel
crevalle Jacks
b luef I sh
spot
Atlant lc sharpnose shark
blue runner
Atlantic croaker
yellowfln menhaden
scalloped hammerhead
bonnethead
menhaden
Florida pompano
Atlantic menhaden
gafftopsail catfish
king mackerel
sea catfish
weakfish
blackt ip shark
I ittle tunny
banded rudderf Ish
but terf I sh
banded drum
southern kingfish
s I I ver seatrout
p lgf1sh
Atlantic thread herring
northern kingfish
Ieatherjacket
northern searobin
f Inetooth shark
sharksucker
sheepshead
sand drum
blgeye scad
Atlantic moonf Ish
great barracuda
shark (Carcharhlnus sp.)

guaguanche
horse-eye Jack
wh ltebone porgy
Atlantic cutlassflsh
lane snapper
unicorn f I I ef ish
snakef I sh
harvestf I sh
Spanish sardine
e ed flounder

Total

aTotal length.

247
238
222
221
158
89
77
47
40
33
33
25
17
16
15
12
12
11
10
8
8
8
8
5

*5
5
5
4
3
3
2
2
2
2
2
2
I
I
I
I
I
I
I
I
I
I
I
I
I

1610

71-78

111-211
259-575
15D380
230-499
150-229

450 -800
190-357
17D211
146-292
762-900a
502-702
218-251
184-297
22 1-278
259-392
333-628
220-325
238-305
74D3800a
330-657
310-363
153-169
137-1 55
249-300
205-240
15D 1 92
150-165
254-301
211 "254
149-203

1257-1440
289-726
263-287
22D227

206
136-167

785
556
630
419
242
198
770
189
207
179
101
158
92

740

19,762
162,717
103,479
203,445

26,022
98,873
36,263

7197
13,281
92,200
24,282

8001
4846
5086

12,256
9533
5134
3539

34,950
21, 166

6576
914
842

1815
1044
561
413

1550
443
264

30,200.
3925
1399
465
408
203
600
742
740
628
330
322
289
204
156
107
60
57
17

951 306

15.3
14+8
13,8
13+7
9+8
5+5
4.8.
2+9
2+5
2,0
2oO
i+6
I ~ I
IoO
Oog
0+7
Oo7
Oo7
0,6
0+5
0+5
0 5
0.5
0,3
Oe3
0+3
Oo3
0~2
Oo2
Oo2
Oo I
0+ I
0.1
0+ I
0+ I
0+ I

<0 I
<0.1
<0..1
<0.1
<0,1
<0,1
<0,1
<0 I
<0.1
<0 I
<Oo I
<Oe I
<Oo I

100,0

2+1
17 ~ I
10+9
21o4

207
10'
3.'8
Oo8
1,4
9,7
2,6
0+8
0+5
Oo5
I ~ 3
loO
Oo5
0,4
3+7
202
Oo7

<0 I
<0 I
0.2
0,1

<0,1
<0.1
0.2

<0 I
<0~ I

3+2
0+4
Oo I

<0.1
<0 I
<0 I
0.5

<0.1
<0 I
<Oo I
<Oa I
<0+ I
<Oo I
<Oo I
<0,1
<0.1
<0,1
<0,1
<Oo I

100 0

8-90
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TABLE 8-13

NUMBER OF FISHES COLLECTED BY OFFSHCRE GILL NETTI%a
ST+ LUG I E PLANT

1979

Taxon

19 JAN 15 FEB

0 I 2
"

3 4 5 0 I 2 3 4 5

9 MAR

0 I ~ 2 .3 4 5

Atlantic bumper
blue runner
creval le Jack
other jacks
Spanish mackerel
bluefish
shark
menhaden
croaker
other fish

ota

I
I - II, I I'

6 2
2 159 4

14 13 I
I 13

I 4 3

I - 12
10 3 3
16 6 8
2 - 16

11 12 13284'4
2

5
2

31

2
10

I

I
I

Taxon

16 APR 22 MAY 26 JUN

0 I 2 3 4 5 0 I 2 3. 4 5 0 I 2 3 '4 5

Atlantic bumper
blue runner
crevalle jack
other Jacks
Spanish mackerel
bluefish
shark
menhaden
croaker
other fish

ota I

12 I
5
6

12
2

10 9
4

I
5

aOne 30-minute set per station per month.
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TABLE 8-13
(cont I wed )

NUMBER OF FISHES COLLECTED BY OFFSH(RE GILL NETTI%a
ST+ LUCIE PLANT

1979

Taxon.

Atlantic bumper
blue runner
crevalle Jack
other Jacks
Spanish mackerel
bluefish
shark
menha'den
croaker
other fish

ota

30 JUL

0 I 2 3 4 5

9 2

I

I

37
6

V

I
I

2

14 AUG

0 I 2 3 4 5

2
I I 2

I
I 2

25 SEP

0 I 2 3 4 5

I .. I 3 5 6 I

Taxon

23 OCT 9 NOV 12 DEC

0 I 2 3 4 5 0 I 2 3 4 5 0 I 2 3 4 5

'Atlantic bumper
blue runner
crevalle jack
other jacks
Spanish mackerel
bluefish
shark
menhaden
croaker
other fish

2

8
25

11 3
3 13
5 I
I
5 15
4 I
9 "I

2
6 -3

5 12
12

I 15
I
8

I '4

8

I
3 2

22

4
2

12 2

70 4
14

2 44

2
2

8 24
2

36

4

20
I

3

15

185
I

22 60
4

4
6

104 I
2 2

4 2 48

Tota I 36 46 37 I 11 62 108 22 12 76 2 68 138 268 6 2 50 10

aOne 3Dmlnute set per station per month.'
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TABLE 8-13
(cont I nued )

NUMBER OF FISHES COLLECTED BY OFFSHCRE GILL NETTI%
ST~ LUCIE PLANT

1979

Taxon 0 I

Total b Station
2

'
4 5 Total taxon Percenta e Com osition

Atlantic bumper

blue runner

crevalle Jack

other jacks

Spanish mackerel .

b luef I sh

shark

menhaden

croaker

other fish
ota

44

15

54

36

19

188

29

79

27

192

80

170

54

13
'7

20.

31

13

49

0

27

0

0

10 16

17 50

I 21

I 19

I 4

12 34

19 14

55, 15

11 12

31

247

77

222

221

169

56

240

107

15+3

4 8

13+8

2o I

14o8

13+7

IOo5

3+5

14+9

6~6

aOne 30-minute set per station per month.
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TABLE 8-14

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED a
BY OFFSHCRE GILL NETTlt8 DURING ENVIRONENTAL MONITCRING

STe LKIE PLANT
1976 — 1979

Taxon

1976b

Number of Percentage
fishes co osltion

1977c"

Number of Percentage
f I shes c os it ion

1978c

Number of Percentage
f I shes corn os lt1on

Number of
f ishes

1979c

Per.centre
corn os it ion

Atlant lc bumper

crevalle jack

blue runner

Spanish mackerel

b luef I sh

other -f ish

Total

557

273

179

91

307

1734

32% 2

18+9

15'

10~3

5+2

I7o7

100oO

211

71

407

331

198

1223

17 2

0.4

5+8

33+3.

27+ I

16+2

100+0

482

46

91

61

12

182

874

55+ I

5+3

IOo4

7 0

20~8

'00.0

247

222

77

221

1610

l5o3

13o8

4.8

14e8

13+7

37 6

10000

aOffshore gl I I netting was not employed during the baseline study.

Total of 60 gl I I net sets during enviroanental monitoring by ABI.

Total of 72 gil I net sets during envlrormental monitoring by ABI.
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TABLE 8-15

NUMBER, SIZE, AND PERCENTAGE COMPOSITION OF FISHES
COLLECTED. BY TRAWLI%

STe LU IE PLANT
1979

S ecfes
Number of
f lshes

Range of Percenta e com osltlon
standard Total u ero oa

len ths (ten) wel ht ( ) fishes wel ht

Cuban anchovy
searobln
anchovy
s I I ver seatrout
seatrout
p Igf lsh
leopard searobln
bank cusk-eel
longnose anchovy
Atlantic bumper
sand perch
flounder
sand drum
Semlno le goby
sea catfish
blotched cusk-eel
banded drum
flounder (B. roblnsl)
inshore iissrdddsh
spotted whl ff
lane snapper
Atlantic spadeflsh
tcmtate
eyed'lounder
twos pot'ard I na I f I s h
blackwlng searobln
silver Jenny
Atlant ic mldsh ipman
dusky flounder
southern kingfish
blackcheek tonguef I sh
dwarf sand perch
king f I sh
bay whiff
cusk-eel
spot
mojarra
grunt
spottedfln tonguefish
drum
Atlantic cutlassfish
northern aearobin
s I I ver'erch
smoothhead scorp 1onf I sh
planehead fllefIsh
shrimp eel
bighead searobln
sheepshead
gray snapper
striped croaker
gray trlggerf Ish
naked sole
snakef I sh
lesser electric ray
barf ish
spotfln mojarra
p lnf Ish

1109
214
176
157
155
141
126
124
67
46
39
38
37
37
31
29
28
28
27
26
25
24
24
23
22
21
21'1

20
14
13
13
13
12
12ll'l
11
10
10
10
9
8
8
8
7
7 ~

6
6
6
6
6
6
5
5
5
4

26-61
8-26

15-36
2D239
9-24

29-230
36-195
83«265
29 "39
9< I

13-134
ID36
12-192
15-33

151-271
87-236
ID172
18-1 17
31-364
75-135
17-194
I 1-140
18" 170
23-130
I 1-22
64-169
67-108
22-140
40-291

133-195
37-152
27%8

9-32
27-121
4D69

152-188
13-26
13-19
65-145
ID26
69-100
46-123
78-1 60
58-1 13
13-48

323-650
22-223

180"231
180"225
103-192
52-192

107-151
68-151

103-247
50-165
28-65

115-155

527
34
41

469
19

19,001
4887
71 13

28
13

244
24

1555
22

4241
1358
427
202

1865
445
419

2009
1362
383

8
895
421
124

1214
I 120
684

35
4

86
14

1133
5

4'84

5
3

107
464
196
23

900
829

1870
1458
668
511
271
154

~ 893
209

'3

347

34e I
6,6
5e4
4e8
4,8
4e3
3s9
3e8
2e I
le4
le2
le2
le I
I ~ I
I 0
0,9
Oe9
Os9
Oe8
Oe8
Oe8
Oe7
Oe7
Oe7
Oe7
0,6
0,6
0,6
0,6
0,4
Oe4
Oe4
Oe4
Oe4
Oe4
Oe3
0.3
Oe3
0,3
Oe3
0.3
Oe3
0.2
Oe2
Oe2
Oe2
Oe2
Oe2
Oe2
Oe2
Oe2
Oe2
Oe2
0,2
0,2
Oe2
0 I

Oe8
<Oe I
<0 I

0,7
<0 I

29e I
7e5

10e9
<Oe I
<0 I

<0,1
<0 I

2e4
<0.1

6e5
2e I
0,7
Oe3
2e9
0,7
0,6
3e I
2e I
Oe6

<0,1
I 4
Oe6
Oe2
1e9
le7
I ~ 0

<0 I
<0 I
0,1

<0.1
1,7

<Oe I
<0.1
0,3

<0.1
<0.1

Oe2
Oe7
Oe3

<0 I
le4
I ~ 3
2e9
202
le0

.0,8
Oe4
0,2
I ~ 4
Oe3

<Oe I
Oe5

B-95
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TABLE 8-15
(continued)

NUMBER, SIZE,.AND PERCENTAGE COMPOSITION OF FISHES
COLLECTED BY TRAWL1%

ST+ LIC I E PLANT
1979

S ecies
Number of
f I shes

Range of
standard

len ths (ron)

Percenta e com osltlon
Total Number o ota

we I ht ( ) f I shes we I ht

rock sen bass
I lned sole
fr lnged f lounder
I iznrd f I sh
gul f flounder
scrawled cowf lsh
porkflsh
Irish pompano
gnfftopsail catfish
blackedge moray.
bandta il puf fer
spottall flounder
blgeye stargazer
bronze cardlnalf Ish
puffer
bluntnose stingray
weakfish
mutton snapper
black drum
sharksucker
Atlantic croaker
striped senrobln
palespotted eel
offshore tongueflsh
bull plpef Ish
bandtooth conger
king mackerel
star drum
Atlantic thread herring
btgeye anchovy
belted snndflsh
Atlantic moonfish
seaboard goby
whiff
orange f lief ish
unidentified fishes

Total

4
3
3
2
2
,2'2

2
2
2
2

'

2
1

I
1

I
1

I
I
I
I
1.

I
1

I
I
1

I'

1

1

1

117

3251

42-152
42-110
78-99
14-37

21 1-233
25-242

165-180
I 40-150
167-168
173-337

12-101
15"74
47-56
17-27

10
248
247
203
187
302
183
150
316
127
280
206

88
45
35
46
12
30
'20
26
35

9-38

178
139
40

3
410
390
317
186
163
105
35
10
4
2
I

564
276
254
176
128
118
89
28
19
13
12
7
2 '

1

1

I
I
I
I

10

65 226

Oo I
0.1

<0 1

<0 I
<0 I
<0,1
<Oo I
<0,1
<0 I
'<0, 1

<0 I
<0,1
<Oo 1

<0 I

<0,1
<0 I
<0 I
<0,1
<0.1
<Oo I
<0.1
<0,1
<0,1
<0'o I
<0,1
<0 I
<0. 1

<0 1

<0.1
<0.1
<0 I
<0 I
<0 I
<Oo I
<0 I

3 6

I 00+0

0+3
Oo2

<0.1
<0 I
0,6
0,6
Oe5
Oe3
0,2
Oe2
Oo2

Oo2'o2

Oo2
<0 I

Oe9
Oo4
Oo4
0 3
Oo2
Oo2
0+ I

<0 1

<0 I
<0 I
<Oo 1

<00 I
<Oo 1

<0 I
<0.1
<0 I
<Oo I
<Oo I
<0,1
<0 1

<Oo I

IOOo 0

B-96
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TABLE 8-I6

NUMBER OF FISHES COLLZCTEO BY TRAWLlt6
ST+ LICI E PLANT

1979

Taxon
30 JAN 28 FEB

0 I 2 3 4 5 0 I 2 3 4 5

MAR (5 APR)0,12.345
anchovy
searobl n,

scorp lonf I sh
seatr out
f latf Ishe
grunt
cusk-eel

.croaker
sand perch
mojarra
I lzard f I sh
other fish

I 2

I 4
I

I 15
5 4
I

2

I 10

3 2
I 6'2
I 2

3
10
2

2
3

4

4,

4
4
3
I

I I

16 2
I
6 I

20 2
14
5

I
5

I

I

2
I

4

I 13
I

5 2
7 42
2 8
2 7

2
I

I 2

Total 0 I I 0 I 84

Taxon
l7 APR 14 MAY 7 JUN.

0 I 2 3 4 5 0 I 2 3 4 5
'

I 2 3 4 5

anchovy
searobin,

scorplonfish
seatrout
flatf I sha
grunt
cusk-eel
croaker
sand perch
mojarra
lizardfish
other fish

otal

2 2

63 104 ~ 7

4
2 I I
I 5 I
3 2

I
2 I

4 3

I
I 2

2
I

I
8

I I
10

I
6 2

3

I

I

I

I 2

3

15

11

79

2
I
2
2
2

14

I
6

I

31

3
I

aOne 15-minute trav I per station per month.
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TABLE 8-16
(cont I wed )

NUMBER OF FISHES COLLECTED BY TRNLlhG
ST+ LlCIE PLANT

1979

Taxon
30 JUL

0 I 2 3 4 5
'3 AUG 29 SEP

0 I 2 3 4 5 0 I 2 3 4 5

anchovy
searobin,

scorp 1onf I sh
seatr out
flatf i she
grunt
cusk-eel
croaker
sand perch
mojarra
Iizardfish
other fish

otal

2 4

2 7
6 4
2 2

I 3
4 I
I I
I I

4 3

2 5
5

3 2
I

I 4

3 2
7 3

I
1

2

3

4

I

14
1

8

I

16
7
I

11

3

19

3

4 2
I

2
I
I

3

5 17 I

2 - 17

3 - ll
4 2

5 I 11
3 5

2
2

18 29 7

I
4
I

I 17

19 7

17 4
8

12

1

3 — 2

9 3

Taxon
23 OCT ll NOV 12 DEC

0 I 2 3 4 5 0 I 2 3 4 5 0 I 2 3 4 5

anchovy
searobln,

scorp lonf I sh
seatrout
f latf isha
grunt
cusk-eel
croakero
sand perch
mojarra
lizardfish
other fish

4 - 15 I
169 61 42

I 4 5
5

5 5 16
31 8 2

I 1

21 20 19 1

4

I

2
4

3
38

2
6

14

I

1 1 4

I
6
I I
2

I

5
I
3

47 31 16 17 16 21 150 40 187 369 197. 140

18

4
I
6
7

6

3

2
11

I
4

18 5 6 18 1 13

2

3
otal I 2 4 I 4 4 21

aOne 15-minute trawl per station per month.
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TABLE 8-16
(continued)

NUMBER OF FISHES COLLECTED BY TRAWL!t6
STe LlCIE PLANT

1979

Taxon

anchovy

searobln, scorpionf Ish

seatr out

flatf I sh.

grunt

. cusk-eel

croakerc

sand perch

lX)Jal I a

llzardfish

other fish
Tota I

66 38 8 I 6 10

3 ~ 17 22 0 4 6

'15 8 8 I 3 4

2 I 8 12 10 4

141 97 50 18 68 31
53 4 0 4 I 45

Total b station
4 5

227 95 213 408 215 195

95 120 67 19 54 36

169 61 43 0 0 40

20 25 41 36 -41 26

11 36 32 3 27 69

18 37 48 8 23 31

Total b taxon

1353

391

313

189

178

165

52

39

37

405

Percenta e corn osition

41+6

12+0

9,6

5.8

5 5

5,1

4+0

1+6

I 2

12» 5
'10 %0

aOne 15-minute trawl per station per month.

Flounder, sole, tonguef lsh.

Other than seatrout.
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TABLE 8-17

HUHBER AND PERCENTAGE COHPOSITIOH OF FISHES COLI.ECTEO

BY TRAMLING DURING THE BASELINE STUDY AND EHYIRONMENTAL NDHITORING
ST. LVCIE PLANT

1971-1974 AND 1976-1979

Taxon

jack

flatfish 35 12.8

1971-1974
N~er of Percentage

fishes con osition

13.9

1976

Nurber of Percentage
fishes con osition

0.0

19.7 220 10.7

1977

Nucber of Percentage
fishes ccrx sition

0.0

302 12.0

1978

Nurber of Percentage
fishes - con os it ion

0.1

1979

Hucber of Percentage
fishes con sition

1.5

5.8189

croaker 35 12.8 13 2.0 12.2 114 4.5 4.0

searobin, scorpionfish 34 12.4 129 19.7 170 8.3 293 11.7 391 12.0

anohcvy

porgy

Iizardfish

cusk-eel

grunt

catfish

.4'arIa

sano perch

seatrout

other fish

28

14

13

12

10

31

10.3

5.1

4.8

4.4

4.0

3.7

1.5

0.7

11.4

18

72

61

18

26

86

93

2.7

0.3

1.4

11.0

9.3

2.7

4.0

13.1

0.0

14.1

45

47
'78

10

139

141

219

0.0

2.3

8.7

0.5

6.8

6.9

29.6

10.7

459

47

202

263

69

61

176

437

18.3

0.2

1.9

8.0

10.5

2.7

3.3

2.4

7.0

17.4

1353

10

37

165

178

39

52

313

315

41.6

0.3

5.1

5.5

1.0

1.2

1.6

9.6

9.7

Total 273 100.0 656 100.0 2048 100.0 2513 100.0 3251 100.0

Total of 132 travel tows during the baseline study; data frow Futch and Dwinell (1977).

b Total of 60 travel tows during environxentai monitoring by ABI.

Total of 72 travel tows during enviroraentai nenitoring by ABI.

dFlounder, sole, tonguefish

Other 'than seatrout.
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TABLE B"18

NUMBER@ SIZE, AND PERCENTAGE COMFOSITION OF SHELLFISHES AND FISHES
COLLECTED BY BEACH SEINING

ST+ LlCIE PLANT
1979

S ecies
Number of

I nd I v Idua I s

Range of Percenta e com ositlon
standard Total Number of Total

len ths (nm) wel ht ( ) Individuals wel ht

speckled crab

blue crab

scaled sardine

sand drum

gulf kingfish

Florida pompano

Atlantic bumper

lookdown

spot

leatherjacket

I adyf I sh

pal cmeta

Atlantic thread herring

permit

crevalle Jack

spotfln moJarra

southern kingfish

striped moJarra

white mullet

sliver Jenny

Jack (Trachlnotus sp.)

kingfish

menhaden

s I I ver porgy

Atlantic threadfin

barbu

226

168

49

47

30

20

15

13

40" 139

151-161

36-143

30-180

52-220

5D179

155-194

112-206

I 14-223

110-218

51-141

56-151

202-393

60-99

171-331

157-254

138-164

66-72

107-261

21-22

23-26

244

165

159

2516

593

1209

2051

1543

3060

2841

2060

1496

573

256

37

1639

74

2018

616

30

410

320

~ 219

97

35+9

26>7

7+8

7+5

4+8

3o2

2+4

2o I

I ~ I

I ~ I

0.8

0+8

0+6

Oe6

1.0

Oo5

Oo6

Oe3

Oo3

<Oo2

<Oo2

<Oo 2

<0+2

5+7

9+7

7e3

14,5

13o5

9,8

7,1

2.7

I ~ 2

Oo2

7+8

Oo4

9 6

2e9

2e I

Oo2

0 1

1+9

<0 I

<0,1

I ~ 5

1+0

0.5

<Oo I

strl ed ancho

Total 629

56 <Oo2

21 038 100+0 IOOo0

B-101
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TABLE B-19

NSSER OF FISHES COLLECTED BY BEA(H SEINING
ST+ LLCIE PLANT

1979

Taxon

herring
sand drum
king( I sh
jack
F lorida pompano
Atlantic bumper
spot
mojarra
other fish

ota I

26 JAN

6 7 8

1

2
7

26 FEB

6 7 8

22 MAR

6 7 8

1

1 - I
I I
2

27 APR

6 7 8

2
2

23 MAY

6 7 8

3
I
1

27 JUN

6 7 8

3 I

Taxon
6 JUL

6 7 8

23 AUG

6 7 8

24 SEP

6 7 8
3 OCT

6 7 8

NOY (7 DEC)d 13 DEC

6 7 8 6 7 8

herring
sand drum
king(ish
jack
Florida pompano
Atlantic bumper
spot
mojarra
other fish

ota I

173 48 7
14 2 56
3 2 5

2
4 I

6
I - 1

I

6
10 2

2
I

3 2

1 I

4

2
2

2
1

I
6 24
7 1

I 26

2 2
3 3

10
3 — 4

58
6 " - 2
1 2

3 3

2
2
1

16
4

2
1 1 1
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TABLE B-19
(cont i ra ed )

NlÃBER OF FISHES COLlECTED BY BEACH SEINlfG
ST+ LLCIE PLANT

1979

herring

sand drum

kingfish

Jack

F lorida pompano

Atlantic bumper

spot

mojarra

other fish
otal

Total b station
6 7 8

177 48 9

25 12 131

23 11 21

11 12 30

28 12 7

3 I 26

7 4 4

3 4 5

4 6 5

Tote I b taxon

234

168

55

53

47

30

.15

12

15

Percenta e corn ositlon

37~2

26+7

8+7

8 4

7o5

4 8

2,4

i+9

2e4

Combination of three rep Iicates per station per month.

Other than Florida pompano and Atlantic bumper.

Not sampled; exposed rocks.

Delayed due to Inclement weather.





TABLE 8-20

NUHBER AND PERCENTAGE CONPOSITION OF FISHES COLLECTED

BY BEACH 5'EINIHG DURING THE BASEL INE STUDY Attg EtCSIROtftEHTAL tt3ttITORING
ST. LUCIE PLANT

1971-1973 AND 1976-1979

Taxon

1971-1973
Nurber of Percentaged
fishes co."Position

1976

Hurrber of Percentage
fishes corrpos Itton

1977

Hurd>er of Percentage
fishes coepost t ton

1978c

Nuaber of Percentage
fishes crrrpos it i on

1979

Nrnber of Percentage
fishes carpus it ion

anchovy 11540

herring 580

sand drucr 360

kingfish 121

wacke

spot

96

59

Florida ponpano 59

Atlantic burrrper 43

cojarra 6

other fish 31

89.5(0.0)

4.5(42.8)

2.8(26.5)

0.9(8.9)

0.7(7.1)

0.5(4.4)

0.5(4.4)

0.3(3.2)

0.1(0.4)

0.2 2.3

159

510

105

108

73

101

43

76

13.1

42.1

8.7

8.9

6.0

8.3
I
3.6

2.3

0.7

6.3

60

171

173

172

22

44

81

54

7.3

20.9

21.1

21.0

5.1

0.0

2.7

5.4

9.9

6.6

340

194

172

23

147

27

280

19

0.0

28.3

16.1

14.3

1.9

12.2

2.2

0.1

23.3

1.6

234

168 ~

55

53

15

30

12

14

0.2

37.2

26.7

8.7

8.4

2.4

7.5

4.8

1.9

2.2

Total 12894 100.0 100.0 1211 100.0 819 100.0 1203 100.0 629 100.0

Total of 108 beach seine hauls during the baseline study; data freer Futch ard Orrinell (1977).
bTotal of 90 beach seine hauls during envtrorrrental rronltoring by ABI.

Total of 108 beach seine hauls during envirorrrental conitorlng by ABI.

Percentage in parenthesis is composition exclusive of anchovy.

Other than Florida ponpano ard Atlantic bunper.
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TABLE B-21

EXAMPLES OF THE INDIVIDUAL VARIABLES, CLASS VARIABLES

AND MODEL'ITH THE GENERAL LINEAR MODELS PROCEDURE

ST. LUCIE PLANT
1979

INDIV IDUAL VARIABLES CLASS VARIABLES

Station

(YI)
Densit

Yil

(Xq,2)
Station

(XO)
Interce t

Xi I Xi2

for station effects:

MODEL

BOXP + BIXiI + B2Xi2 + Zi

where: B is the resPective slope
z; is the error term.

B-105





TABLE B-22

OCCURRENCE OF GRAVID FISH IN THE VICINITY OF THE

ST. LUCIE PLANT
JANUARY 1976-DECEMBER 1979

S ecies Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec

CU
I

C)
CXl

ladyfi sh

sooty eel

shrimp eel

palespotted eel

menhaden

yellowfin menhaden

Atlantic menhaden

Spanish sardine

Atlantic thread herring
Cuban anchovy

lizardfish
sea catfish
gafftopsail catfish
Atlantic midshipman

blotched cusk-eel

bank cusk-eel

seahorse

bull pipefish

X

X X

X
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TABLE B-22
(continued)

OCCURRENCE OF GRAVID FISH IN THE VICINITY OF THE

ST. LUCIE PLANT
JANUARY 1976-DECEMBER 1979

S ecies Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec

rock sea bass

sand perch

bluefish
blue runner

Atlantic bumper

bigeye scad

scad

Atlantic moonfi sh

lane snapper

striped mojarra

yellowfin mojarra

black margate

porkfish
tomtate

sailors choice

white grunt

pigfish
sheepshead

X

X

X X

X

X

X

X

X

X

X

X

X

X

X

X
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TABLE B-22
(continued)

OCCURRENCE OF GRAVID FISH IN THE VICINITY OF. THE

ST. LUCIE PLANT
JANUARY 1976-DECEMBER 1979

S ecies Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec

striped mullet
white mullet
great barracuda

guaguanche

dusky jawfish
hairy blenny

checkered blenny

seaweed blenny

oyster blenny

barred blenny

orangespotted blenny.

Atlantic cutlassfish
frigate mackerel

little tunny

Spanish mackerel

butterfish
striped searobin

blackwing searobin

X X

X

X

X

X

X X

X X

X

X

X

X

X

X

X

X

X

X X

X
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TABLE B-22
(continued)

OCCURRENCE OF GRAVID FISH IN THE VICINITY OF THE

ST. LUCIE PLANT
JANUARY 1976-DECEMBER 1979

S ecies Jan Feb Mar A r Ha Jun Jul Au Se Oct Nov Dec

leopard searobin

bighead searobin

spotted whiff
southern flounder
dusky flounder
naked sole

southern puffer

X X

X

X X
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TABLE B-23

ANALYSIS OF VARIANCE:
COMPARISON OF EGG AND LARVAL DENSITIES AT STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

Error 293

Corrected total 298

Source DF

Station 5

Source DF

Model

EGGS

Sum of s uares

36.56348947

690.98757096

727.55106042

T e I SS

36.56348947

Mean s uare

7.31269789

2.35831935

F value PF > F

3.10 0.0097*

Source DF

LARVAE

Sum of s uares Mean s uare

Model

Error 293

Station 5

'orrected

total 298

Source DF

1.05607391

33.82199837

34.87807228

T e I SS

,1.05607391

0.21121478

0.11543344

F value PF > F

1.83 0.1059

*Significant.

B-llo
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TABLE B-24

DUNCAN'S MULTIPLE-RANGE TEST:
DENSITY OF EGGS AT STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 DF=293 MS=2.35832

Grou in

B A

B A

Geometric mean

6. 583

5. 265

4.666

3.609

2.062

2.001

50

50

50

50

50

Station

0





TABLE B-25

ANALYSIS OF VARIANCE:
DENSITY OF EGGS AT STATIONS 0 THROUGH 5'BY SEASON

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

Season Source DF Sum of s uares Mean s uare

Winter Model 5 15.18222090 3.03644418
Error 101 157.11169737 1.55556136
Corrected total 106 172.29391827

Source DF T e I SS F value PR > F

Station 5 15.18222090 1.95 0.0914

Season Source DF

Spring Model 5
Error 66
Corrected total 71

Sum of s uares

20.22078581
311.19398419
331.41477000

Mean s uare

4.04415716
4.71506037

Source

Station

DF T e I SS . F value PR > F

20.22078581 '.86 0.5158

Season Source DF Sum of s uares Mean s uare

Summer Model 5
Error 66
Corrected total 71

'.90998926
60.76438372
68.67437299

1.58199785
0.92067248

Source DF

Station 5

T e I SS F value PR > F

7.90998926 1.72 0.1417

Season Source DF Sum of s uares Mean s uare

Autumn Model 5
Error 42
Corrected total 47

1. 72453958
30.53449697
32.25903655

0.34490792
0.72701183

Source DF

Station 5

T e I SS F value PR > F

1.72453958 0.47 0.7932





TABLE B-26

CORRELATION COEFFICIENTS BETWEEN DENSITIES OF EGGS AND

LARVAE AND FOUR PHYSICAL PARAMETERS
ST. LUCIE PLANT

DECEMBER 1978 - DECEMBER 1979

E s Larvae
Di ssol ved

Salinit Turbidit o en Tem erature

, Eggs

Larvae

Salinity

Turbidity

Dissolved oxygen

Temperature

1.00000a
O.oooob

299c

0.20864
0.0003*

299

1.00000
0.0000

299

0.08943
0.1228

299

0.01606
0.7821

299

1.00000
0.0000

299

0.32437
0.0001*

299

-0.23213
0.0001*

299

-0.06230
0.2829

299

1.00000
0.0000

299

0.02947
0.6228

281

-0.08487
0.1559

281

-0. 27300
0.0001*

281

0.19630
0;0009*

281

1.00000
0.0000

281

-0.06145
0.2928

295

0.03713
0.5253

295

0.13950
0.0165*

295

-0.48910
0.0001*

295

-0.25973
0.0001*

281

1.00000
0.0000

295

*Significant.

aCorrelation coefficients.

Probability.
cNumber of observations.
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TABLE 8-27

SEASONALLY ANUSTEO ICMTHYOPLANKTON STEPHISE REGRESSION ANALYSIS
STEPWISE REGRESSION PRXEOURE FOR DEPEHOENT VARIABLE EGGS

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

STEP I VARIABLE TURBITY ENTEREO R SQUARE ~ 0.19389311

Of SUM OF SQUARES MEAN SQUARE' PROB>F

REGRESSIOH
ERROR

TOTAL

I
279
280

117.95675930
490.40297472
608.35973401

117.95675930 67.11 0.0001»
1.75771676

INtERCEPT
TURBIDITY

8 VALUE

0.03454076
0.02155855

STD ERROR TYPE II SS F PROB>F

0.00263168 117.95675930 67.11 0.0001»

STEP 2 YARIABLE TEMPERATURE ENTERED R SQUARE ~ 0.21733327

DF SUH OF SQUARES MEAN SQUARE F PROB>F

REGRESSION
ERROR

TOTAL

2
278
280

132.21680957
476.14292445
608.35973401

66.10840478 38.60
1.71274433

0.0001*

8 VALUE STO ERROR TYPE II SS F PROB>F

INTERCEPT
TURBIDITY
TEMPERATURE

0.02608141
0.01724665

-0.11786397
0.00299693
0.04084763

56.72150680 33 F 12
14.26005027 8.33

0 0001»
0.0042*

STEP 3 VARIABLE SALINITY ENTERED R SQUARE ~ 0.22072902

OF SUH OF SQUARES HEAH SQUARE F PROB>F

REGRESSION
ERROR

TOTAL

3
277
280

8 VALUE

134.28264726
474.07708675
608.35973401

STD ERROR

44.76088242
1.71146963

TYPE II SS

26eI5 OeOOOI»'

PROB>F

INTERCEPT'ALINITY

TURBIDITY
TEHPERAIUR E

0.03180070
-0.12111679
0.01718370

<.11821562

0.11024042
0.00299637
0.04083368

2.06583769
56.28758358
14.34438498

1.21
32o89
8.38

0.2729
0.0001*
0.0041»

STEP 4 VARIABLE SALINITY RIMOVEO R SQUARE ~ 0.21733327

OF SUM OF SQUARES MEAN SQUARE f PROB>F

REGRESSION
ERROR

TOTAL

2
278
280

132.21680957
476.14292445
608.35973401

66.10840478 38 '0
1.71274433

0.0001*

8 VALUE STD ERROR TYPE II SS F PROB>F

INTERCEPT
TURB I0 ITY
TEHPERATURE

0.02608141
0.01724665

-0.'11786397
0.00299693
0.04084763

56 ~ 72150680 33. 12
14.26005027 8.33

0.0001»
0.0041»

~SIgnIFIcant.

NO OTHER VARIABLES MEI'HE 0.5000 SIGHIFICANCE LEVEL FOR EHTRY INTO THE HODEL.
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TABLE B-28

ANALYSIS OF VARIANCE:
DENSITY OF LARVAE AT STATIONS 0 THROUGH 5 BY SEASON

ST. LUCIE PLANT
DECEMBER. 1978 - DECEMBER 1979

Season Source DF Sum of s uares Mean s uare

Winter Model 5
Error '01
Corrected total 106

0.19909052
5.83899975
6.03809027

0.03981810
0.05781188

Source

Station

DF T e I SS.. F value PR > F

0.19909052 0.69 0.6354

Season Source DF Sum of s uares Mean s uare

Spring Model 5
Error 66
Corrected total 71

4.41492609
8.74144572

13.15637180

0.88298522
0.13244615

Source

Station

DF T e I SS F value PR > F

4.41492609 6.67 0.0001*

Season Source DF Sum of s uares Mean s uare

Summer Model 5
Error 66
Corrected total 71

2.34252671
9.04421546

11.38674218

- 0. 46850534
0.13703357

Source DF

Station

T e I SS F value PR > F

2.34252671 3.42 0.0084*

Season Source DF Sum of s uares Mean s uare

Autumn Model 5
Error 42
Corrected total 47

0.36324289
0.83244984
1.19569274

0.07264858
0.01982023

Source DF

Station

*Significant.

T e I SS F value PR > F

0.36324289 3.67 0.0077*
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TABLE B-29

DUNCAN'S MULTIPLE-RANGE TEST:
SPRING DENSITY OF LARVAE AT STATIONS 0 THROUGH 5

ST. LUCIE PLANT
20 MARCH 1979 - 20 JUNE 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 OF=66 MS=0. 132446

Grou in

B A

B C

Geometric mean

1.221

0.743

0.329

0.206

0. 164

.0.122

12

12

12

12

'12

12

Station
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TABLE 8-30

DUNCAN'S MULTIPLE-RANGE TEST:
SUMMER DENSITY OF LARVAE AT STATIONS 0 THROUGH 5

ST. LUCIE PLANT
21 JUNE 1979 - 22 SEPTEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 DF=66 MS=0.137034

Grou in Geometric mean

1.147

0. 511

0.425

12

12

12

12

12

12

Station

B-117
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TABLE B-31

DUNCAN'S MULTIPLE-RANGE TEST:
AUTUMN DENSITY OF LARVAE AT'STATIONS 0 THROUGH 5

ST. LUCIE PLANT

23 SEPTEMBER 1979 - 30 NOVEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 DF=42 MS=0.0198202

Grou in Geometric mean

0. 363

0. 124

0.088

0.073

0.072

0.066

Station
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TABLE 8-32

SEASONALLY ANUSTEO ICMTHYOPLAHKTOH STEPNISE ANALYSIS
STEPNISE REGRESSION PROCEDURE FOR DEPENDENT VARIABLE LARVAE

Sl'. LUCIE
PLANI'ECEMBER

1978 - DECEMBER 1979

STEP I VARIABLE TURBIDITY ENTEREO R SQUARE ~ 0.03729846

REGRESSION
ERROR

TOTAL

OF

I
279
280

0.95805966
24.72824757
25.68630723

0.95805966
0.08863171

SUM OF SQUARES ME'AN SQUARE F PROB>F

10.81 0.0011*

INTERCEPT
TURBIDITY

8 VALUE

-0.00987401
-0.00194292

STO ERROR TYPE II SS F PROB>F

0.00059095 0.95805966 10.81 0.0011»

STEP 2 VARIABLE TEMPERATURE ENTEREO R SQUARE ~ 0.12546598

DF SUH OF SQUARES MEAN SQUARE F PROB>F

REGRESSION
ERROR

TOTAL

INTERCEPI'URBIDITY

TEMPERATURE

2
278
280

8 VALUE

-0 F 01324519
-0.00366127

'-0.04697055

3.22275760
22.46354963
25.68630723

STO ERROR

0.00065095
'.00887232

TYPE ll SS F PROB>F

2.55624043 31.64 0.0001»
2 '6469794 28.03 0.0001»

1.61137880 19.94 0.0001»
0.08080414

STEP 3 VARIABLE SALINITY ENTERED R SQUARE ~ 0.13462090

DF SUM OF SQUARES MEAN SQUARE F PROB>F

REGRESSIOH
ERROR
TO'IAL

INTERCEPT
SALIHITY
TURB I0 ITY
TEMPERATURE

3
277
280

8 VALUE

-0.01131556
-0.04086340
-0.00368251
-0.04708920

3.45791382
22.22839341
25.68630723

STO ERROR

0.02387099
0.00064882
0.00884195

1.15263794
0.08024691

TYPE II SS

0.23515621
2.58503926
2.27601315

14.36 0.0001»

F PROB>F

2.93 0.0880
32.21 0.0001»
28.36 0.0001»

STEP 4 VARIABLE OISSOLVEO OXYGEN ENTERED R SQUARE ~ 0.13727590

REGRESSION
ERROR

TOTAL

OF

4
276
280

3.52611102
22.16019622
25.68630723

0.88152775
0.08029057

SUM OF SQUARES MEAN SQUARE F PROB>F

10.98 0.0001»

8 VALUE STD ERROR TYPE II SS F PROB>F

INTERCEPT
SAL IHITY
TURBIDITY
OISSOLVEO

OXYGEN
TEMPERATURE

-0.01116514
-0.04591966
-0.00362525

-0.01551510
<.04785947

0.02449966
0.00065196

0.01683463
0.00888376

0.28206006
2.48251428

3.51
30.92

0.0619
0 0001»

0.06819720 0.85 0.3575
2.33027366 29.02 0.0001»
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TABLE 8-32
(continued)

SEASONALLY AMUSTED ICHTHYOPLANKTON STEPMISE NALYSIS
STEPHISE REGRESS!OH PROCEDURE FOR DEPENDENT VARIABLE LARVAE

ST. LUCIE PLANT
OECEHBER 1978 - DECEHBER 1979

STEP 5 VARIABLE DISSOLVEO OXYGEN RENOVEO

DF

R SQUARE ~ 0. 13462090

SUM CF SQUARES MEAH SQUARE F PROB>F

REGRESSION
ERROR

TOTAL

INTERCEPT
SAL IH I TY

TURBIDITY
TEHPERATURE

3
277
280

8 VALUE

-0.01131556
-0.04086340
-0.00368251
-0.04708920

3.45791382
22.22839341
25.68630723

STD ERROR

0.02387099
0.00064882
0.00884195

1.15263794
0.08024691

TYPE II SS

0.23515621
2.58503926
2.27601315

14.36 0.0001

F PROB>F

2.93 0.0880
32o21 O.OOOI»
28.36 0.0001»

»Significant.

NO OTHER VARIABLES HET THE 0.5000 SIGNIFICANCE LEVEL FOR ENTRY INTO THE NOEL.
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TABLE B-33

~ PERCENTAGE COMPOSITION OF LARVAL FISH TAXA BY SEASON

STATIONS 0 THROUGH 5
ST. LUCIE PLANT

DECEMBER 1978 - DECEMBER 1979

Taxon Winter S rin

Season

Over-a11
Summer Autumn corn osition

Clupei formes

Gobiesocidae

Atherinidae-

Serranidae

Carangidae

Gerreidae

Sciaenidae

Dactyloscopidae

Blenniidae

Gobiidae

Scorpaenidae

'latfishes

Plectognaths

,All others

78.2

0.0

0.0

0.1

1.4

0.3

10.9

3.2

1.8

0.3

0.1

0.1

0.1

3.8

88.4

0.0

0.0

0.3

0.8

2.0

0.9

1.4

1.5

0.4

0.0

0.1

0.6

3.4

56.5

0.1

0.0

1.0

18.'

8.5

2.1

3.7

1.7

0.0

0.9

1.3

4.8

37.7

0.0

0.0

4 '

5.9

7.1

9.8

4.2

9.8

6.9

1.0

1.5

10.6

71. 5

0.0

0.0

0.7

7.6

4.3

4.1

1.9

2.8

1.2

0.0

0.4

0.8

4 '
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TABLE 8-34

MULTIPLE REGRESS I ON ANALYSI S

ELAPSED TIME EFFECTS ON DEPENDENT VARIABLES RESIDINL EGG DENSITY ND
RESIDUAL LARVAE DENS I TY

ST LlCIE PLANT
10 MARCH 1976 - 13 DECEMBER 1979

DEPENDENT VARIABLE: RESIDUAL EGG DENSITY R-SQUARE ~ 0»175071

Source OF SUM OF SQUARES fKN SQUARE

Model

Error

Corrected

total'3»49463629110»70583783

134» 20047413

11 ~ 7473 1815

I ~ 23006486

Source DF

PARAMETER ESTIMATE

Seasonal adJustment 1

E lapsed time

17 ~ 80484518

5»689791 11

T FOR HO;
PARA'ER=0

14 47

4»63

PR> T

TYPE I SS ' VALUE PR > F

0» 0003"

0»0342+

STNOARD ERROR OF
ESTIMATE

I ntercept 0» 82618544
Seasonal ad J ustment 0.62290906
E lapsed time 0»00063463

3»35
3»94
2. 15

0»0012"
0 0002+
0»0342+

0»24679270
0» 15799398
0»00029508

DEPENDENT VARIABLE: RESIDUAL LARVAE DENSITY R-SQUARE = 0,078778

Source DF SUM OF SQUARES hKN SQUARE

Mode I

Error

Corrected total

87

89

3»90325749

45»64461267

49»54787017

I ~ 95162875

0» 52465072

Source DF

Seasonal ad Justment I

Elapsed time

PARAMETER

Intercept

ESTIMATE

0» 81082288

Seasonal adjustment 0.21235435

Elapsed time W» 00031833

TYPE I SS

2 5295438S

I ~ 37371362

T FOR HO:
PARAPET TER=0

4,91

2»03

-1,62

F VALUE

4»82

2»62

PR> T

0»0001"

0»0454"

0» 1093

PR>F

0. 030S"

0» 1098

STANDARD ERROR OF
ESTIMATE

0» 16502868

0» 10458209

0» 00019673

"S I gn I f leant.
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TABLE B-35

MEAN DENSITYa OF ICHTHYOPLANKTON AND PERCENTAGE ICHTHYOPLANKTON

FOR BASELINE AND OPERATIONAL MONITORING STUDY YEARS

ST. LUCIE PLANT
1971-1973 and 1976-1979

Stud ear

Baseline 1971-73

Operational 1976

Operational 1977

Operational 1978

Operational 1979

Mean density
number/m3

39.0

62.6

105.6-

123.5

85.9

Percentage
ichth o lankton

0.6

2.6

3.0

3.4

6.4

aArithmetic means are based on ichthyoplankton collected during
zooplankton sampling.

Percent of total zooplankton collected for a given study year
made up of fish eggs and larvae.

cAs reported in Walker et al. (1979).
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TABLE B-36

ANALYSIS OF VARIANCE:
COMPARISON OF EGG AND LARVAL DENSITIES AT STATIONS 11 AND 12

ST. LUG IE PLANT
DECEMBER 1978 - DECEMBER 1979

Source

Model

Error

Corrected total

DF

98

99

EGGS

Sum of s uares

4.59339919

38.19698822

42.79038741

Mean s uare

4.59339919

0.38976519

Source'tation

DF T e I SS F value PR > F

4.59339919 11.79 0.0009*

Source

Model

Error

Corrected total

DF

98

99

LARVAE

Sum of s uares

0.00283260

0.39255891

0.39539151

Mean s uare

0.00283260

0.00400570

Source

Station

DF T e I SS F value PR > F

0.00283260 0.71 0.4024

*Significant.
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TABLE B-37

DUNCAN'S MULTIPLE-RANGE TEST:
DENSITY OF EGGS AT STATIONS 11 AND 12

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 DF=98 MS=0.389765

Grou in Geometric mean

0.831

0.193

50

50

Station

12

B-l25
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TABLE B-38

ANALYSIS OF VARIANCE:
COMPARISON OF EGG AND LARVAL DENSITIES AT STATIONS 1, OI, AND 11

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

Source

Model

Error

Corrected total

'Source

Station

DF

147

149

DF

EGGS

Sum of s uares

7.43687440

148.40711651

155.84399091

T e I SS

7.43687440

Mean s uare

3.71843720

1.00957222

F value PR > F

3.68 0.0275*

Source

Model

Er ror

Corrected total

Source

Station

DF

147

149

DF

LARVAE

Sum of s uares

3.38969628

21.19936481

24.58926108

T e I SS

3.38969628

Mean s uare

1.69484814

0.14421473

F value PR > F

11.75 0.0001*

*Significant.
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TABLE B-39

DUNCAN'S MULTIPLE-RANGE TEST:
DENSITY OF EGGS AT STATIONS 1, OI, AND 11

.ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level=0.05 DF=147 MS=1.00957

Grou in Geometric mean

2.062

1.772

0.831

50

50

50

Station

OI
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TABLE B-40

DUNCAN'S MULTIPLE-RANGE TEST:
DENSITY OF LARVAE AT STATIONS 1, OI, AND ll

ST. LUCIE PLANT
DECEMBER 1978 - DECEMBER 1979

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

Alpha Level =0. 05 DF=147 MS=0. 144215

Grou in

A

Geometric mean

0.418

0.416

0.030

50

50

50

Station

OI
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TABLE B-41

DIFFERENCES IN LARVAL DENSITIES
AND PERCENTAGE COMPOSITION BETWEEN SAMPLES TAKEN

AT OFFSHORE STATIONS 1 AND OI AND THE INTAKE CANAL STATION 11
ST. LUCIE PLANT .

DECEMBER 1978 - DECEMBER 1979

Taxon

Densit no./1000 m3 Relative abundance

Station 1 Station OI Station ll Station 1 Station OI Station 11

Clupeiformes

Gobiesocidae

Atherinidae

Serranidae

Carangidae

Gerreidae

Sciaenidae

Dactyloscopidae

Blenniidae

Gobiidae

Scorpaenidae

Flatfishes

Plectognaths

All other larvae

1344

16

12

12

20

1307

,23

24

21

25

19 84.6

0.0

0.1

0.7

0.8

1.9

2.7

0.6

2.0

2.1

O.l

0.5

0.4

3.4

82.9

0.0

0.0

0.6

0.6

0.7

3.1

0.1

1.2

3.6

0.4

0.3

0.4

3.4

61.3

0.0

0.0

0.0

1.3

0.0

2.6

0.0

2.6

0.0

0.0

20.4

1.3

10.5
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TABLE B-42

PERCENTAGE LOSS ESTIMATES OF ICHTHYOPLANKTON ENTRAI INENT BASED ON

PLANT OPERATING AND ICHTHYOPLANKTON SAMPLING STATISTICS
ST+ LUC IE PLANT

1976" I 979

Percenta e loss (mean de th=9.2m) Percenta e loss (mean de th=3.0m)
Var iab lesa

Year Category Cr C Qr Q m

1976 eggs 3.848 1.259 547411785 l 32.36 1.0

I arvae 0.205 0.041 5474117851 32.36 I ~ 0

~lfC
g I

Cr

Oo 19

I +07

Cr

Oe 59

0~59

Cr

Oo59

3 29

C

1 ~ 81

I 81

1977 eggs 0 429 0.366 5474117851 32~36 I ~0

larvae 1 o345 0@028 5474117851 32@36 I @0

0+50

0,01

Oo 59

0 59

1+55

0~04

1 o81

1978b 'ggs 2,709 1+503 5474117851 32+36 1+0 0+40 0. 59 I ~ 23 I %BI

larvae 0.421 0.087 5474 l17851 32.36 1.0 Oe 15 0 59 0+47 1+81

1979 eggs 3.744 0.831 5474 l 17851 32.36 1.0

larvae 0.304 0.030 547411785) 32.36 1.0

0+ 13

0,06

Oo 59

0+ 59

0~40

Oe 18

1 ~ 81

1 +81

aCr = geometric mean concentration of organisms per cubic meter (based on surface tows only) In of fslare areas (Stations 0 thrcugh 5).

Cp
=

Qr =

gecmetrlc mean concentration of organisms per cubic meter in the intake canal (Station 11) ~

flow in cubic meters per second gast the plant, based on a crass-sectional area of 32,200 m; numbers ln brackets are based on a
cross-sectional area of 10,500 m ~

Qp
= water flow in cubic meters per second thrcugh the plant intake, based on maximum recorded daily value.

m = nartality rate of entrained organisms (assumed to be 10(y(, making m = I 0).

Mean numbers of eggs or larvae per cubic meter are calculated fran data col lected fran 14 December 1977 thrcugh 29 November 1978

Mean numbers of eggs or larvae per cubic meter are calculated frcm data collected fran I December thrcugh 13 December 1979.
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C. MACROINVERTEBRATES

Environmental Technical Specification (Section 3.1.B.a)

Benthic Or anisms - Benthic organisms will be

collected quarterly and .inventoried as to type and
abundance of major taxonomic groups present.

INTRODUCTION

Benthic macroinvertebrates are organisms that spend a large part of

their life cycles within or on submerged substrates such as pilings,

pipes, rocks, or bottom sediments. Their preferences toward habitat and

hydrological conditions vary and, thus, they tend to group themselves

into relatively distinct communities. Because macroinvertebrates have

limited mobility and relatively long life spans, community charac-

teristics tend to reflect prevailing environmental conditions (EPA,

1973).

Benthic assemblages are sensitive to environmental stress, and fluc-

tuations in community composition may be an indication of changing water

quality (Holland et al., 1973). .Benthic macroinvertebrate communities

are therefore useful in assessing environmental perturbation.

The present study documents continued sampling of benthic macroin-

vertebrate communities in the vicinity of the St. Lucie Plant, with

emphasis on potential operational effects on community structure. Data

gathered during 1979 augments data collected by ABI in 1976 (ABI, 1977)

when the plant was operating intermittently and that data collected
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during 1977 and 1978 (ABI, 1978, 1979), a period of full plant operation.

Where possible, post-operational data are compared with available base-

l i ne i nformat ion generated duri ng pl a nt construct i on (1971-1974).

Composite data characterize the benthic communities residing in the study

area, document changes in community structure over time, and compare com-

munities potentially affected by thermal effluents with those temporally

or spatially removed from the discharge plume.

MATERIALS AND METHODS

As during the past 3 years, six permanent offshore stations were

sampled in 1979 (Figure A-l, Table A-l)., Stations 1 through 5 correspond

to locations sampled during baseline studies conducted from 1971 to 1974

(Gallagher and Hollinger, 1977). The sixth, Station 0, which is located

4.3 km south of the plant discharge (Station 1), has served as a control

since 1976. This station was moved slightly inshore after 1976 to a

substrate more like that encountered in the discharge area. Because this

relocation drastically changed the type of fauna collected, data from

1976 are often omitted from discussion in this report.

Benthic Grab Sam 1 in

~ Samples of. the smaller, less motile infaunal and epifaunal macroin-

vertebrates were taken at each of the six offshore stations quarterly

using a Shipek grab sampler. Four replicate samples were taken at each

sampling location. Three of these were used for commugity analyses and

the fourth was used for substrate analysis. As each replicate was

collected, sample depth within the grab bucket was. measured to the

C-2



I
j

~

~

~

~

~

~

~
, ig

~

~



nearest millimeter. These data were used to determine whether changes in

macroinvertebrate community composition were due to changes in sampling

efficiency of the Shipek grab.

All samples were preserved in a, 10-percent buffered formali n-

seawater solution and stained with rose bengal dye. In the laboratory,

three replicate samples to be used for community analysis were washed

through a No. 25 sieve to remove fine sediment and particulate matter.

This screen size and procedure were used to conform with sampling metho-

dology employed during baseline studies (Gallagher and Hollinger, 1977).

Material retained on the sieve was hand-sorted under low magnification

and the organisms were removed, counted, and identified to the lowest

practicable taxon. All identified organisms (exclusive of mollusc

shells) were dried at 105'C for 4 hours and their ash free dry-weight

biomass was determined (EPA, 1973).

Substratum Anal sis

The substratum material of the fourth replicate was dried,

dissaggregated, and placed in a graduated nest of nine sieves (mesh

widths of 16, 8, 4, 2, 1, 0.5, 0.25, 0.125, and 0.063 mm, respectively).

The nest was shaken for 15 minutes on a Tyler Ro-Tap sieve shaker after

which the nest was analyzed for particle size class distribution, mean

particle diameter, and sorting coefficient (standard deviation of mean

particle size; Folk, 1966).
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Trawl Sam lin
Trawl sampling for larger, more motile benthic macroinvertebrates

8

was conducted in conjunction with the fish sampling program (see Section

B. Fish and Shellfish). Using a 4.9-m semi-balloon otter trawl, one

15-minute tow was made at each of the six offshore stations every month.

Tows were made at night to reduce net avoidance by the organisms. The

samples were preserved 'n a 10-percent buffered formalin-seawater

solution, labeled, and transport'ed to the on-site laboratory for sorting

and identification to the lowest practicable taxon..
*

Tem erature

Bottom water temperatures were recorded at the time of each sampling

and averaged to provide monthly means. The data were then used to

correlate annual oceanic temperature cycles with seasonal variations in

community characteristics-

RESULTS AND DISCUSSION

Substratum - Back round

The composition and distribution of marine benthic communities are

affected by many physical characteristics of their environment.

Consistent patterns of water temperature, salinity, and ocean currents

within an area potentially allow the colonization- of relatively large

bottom areas by a similar array of faunal elements. Within these large

areas, however, sharp distinctions in community structure occur that are

related to substratum type. Hard substrata, such as coral reefs, rock

outcroppings, wrecks and pilings, support a distinct and varied community
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of cryptic (worms, arthropods), boring (bivalve molluscs) and epifaunal

species.

A pertinent example of hard substrata is the large amount of dead

mollusc shells that forms a major component of the nearshore substrata

occurring adjacent to the St. Lucie Plant. These substrata support a
k

very di verse benthic community composed both of infaunal and hard

substratum el ements. Soft substrata, exempl ifi ed by the homogeneous

quartz and biogenic sands found at some of the, sampling stations,

generally support a much less, diverse infaunal community having a lower

biomass (Abele, 1974).

Substratum - Findin s-

Based on physical characteristics of the sediment, the study area is

"divided into three zones (Gallagher, 1977; ABI 1977, 1978):

1. Beach terrace (Stations 0 and .1),

2. Offshore trough (Stations 2, 4 and 5),

3. Offshore, bar-Pierce Shoal (Station 3).

In 1979, beach terrace sediments, both at the control, station,(0)

and the discharge (Station 1), were found to be composed predominately of

fine and very fine, moderately well-sorted gray quartz sands (Table C-l).

Broken mollusc shells make up the large (pebble, gr'anule) size fractions

at these stations. Sediment at Station 0 has remained fairly consistent

since the St. Lucie Plant began full operation. Sediment at the plant

discharge (Station 1) has essentially remained unchanged si nce the base-
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line study (Gallagher, 1977) with the exception of an unusually coarse

grain size class distribution in September 1979. Wind-, wave-, and

current-generated sediment transport associated with the passage of

Hurricane David during September may have produced this atypical sediment

distribution. The 'sediment at Station 1 assumed a more typical 'distribu-

tion in November 1979.

Offshore trough sediments are composed almost entirely of dead

mollusc shel 1 s in vari ous stages of decompos it ion and fragmentation.

Mean particle sizes of these poorly to extremely poorly sorted sediments

(Table C-1) are unchanged from those noted during previous years (ABI,

1978, 1979).

The substratum at Pier'ce Shoal (Station 3) is well sorted and is

predominantly comprised of medium and fine calcareous sand (Table C-l).

"This substratum has remained relatively stable through time because it
probably results from a consistent pattern of hydrological processes. In

winter,'torms selectively transport medium and fine sands to the shoal

crest. The reverse of this process occurs during fair weather, when fine

sand particles are winnowed from the shoal crest by wave action (Duane et

al ~, 1972).

Seasonal Variation of Faunal Densities in Benthic Grab Sam'es

Marine benthic macroinvertebrates often exhibit marked seasonal

fluctuations in community abundance. These patterns are generally asso-

ciated with annual reproductive rhythms and larval recruitment of consti-
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tuent species in conjunct ion wi th cyclical environmental variables.

Temperature, in particular, is known to affect annual reproductive pat-

terns in marine invertebrates (Giese and Pearse, 1974; Sastry, 1975), and

thus, periods of larval recruitment are linked with yearly oceanic tem-

perature cycles. Heated discharges from power plants can disrupt season-

al patterns of abundance by altering local thermal regimes (l<arinner and

Brehmer, 1966). Consequently, abundances of 'benthic organisms in the

vicinity of the St. Lucie Plant were examined to determine whether any

aberrant seasonal trends were evident.

Through 4 years of sampling, densities of benthic organisms have

varied considerably between quarters. At most stations, seasonal pat-

terns are seldom repetitive, and annual trends among stations vary drama-

tically (Figures C-1 and C-2; Table C-2). During previous years, Station

3 had displayed the most consistent pattern of seasonal density. Late

summer recruitment of large numbers of the dominant organism, Crassinella

~du linana (Mollusca), was most responsible for high density leve1s

observed during the third quarter of each year. Although Cr assinel la

remained the dominant organism at Station 3 in 1979, its numbers declined

steadily throughout the year, and the annual pattern observed for
\

1976-1978 was absent.

Station 4 also displayed a repetitive pattern of high abundances

during the third quarter of each year. Unlike Station 3, however, where

population increases are primarily the result of increases by only one or

two dominant species, changes in density at Station 4 were the result of
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cumulative changes in a larger number of taxa. At all stations, a highly

significant correlation existed between number of taxa and density (Table

C-3).

The lack of recurrent seasonal patterns of abundance at most sta-

tions is not uncommon in shallow coastal systems along the southeastern

coast of the United States. Frankenberg (1971) found that densities of

benthic macroinvertebrates off Georgia are similarly represented by popu-

lation peaks which do not repeat themselves precisely each year. Causes

of temporal and spatial'variability have been attributed to patchy larval

settlement, to differences in longevity and predation intensity, and to

seasonal migration patterns (Frankenberg and Leiper, 1977).

During 1979, seasonal abundances at Stations 0 and 1 were similar,

except during September when unusual ly large numbers of mac roi nver-

tebrates were collected 'at Station 1 (Figure C-2). This is probably

attributable to hurricane-influenced substrate changes observed at that

time. When all 3 years (1977-1979) are compared with the Wilcoxon paired

sample test (P=0.05), there is no significant difference in macroinver-

tebrate densities between the control and discharge stations. ,This

suggests that changes due to plant operation have not occurred.

Diversit and E uitabilit
Diversity (d) and equitability (e) indices relate, respectively, to

the number of taxa in a sample (Lloyd et al., 1968) and to the apportion-

ment of individuals among the taxa present (Lloyd and Ghelardi, 1964).
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Diversity in nonstressed environments is theoretically higher than in

similar -systems experiencing some form of physical st'ress (EPA, 1973).

Thus, if thermal effluent from the power plant was creating a physical

. stress on benthic communities, a decrease in diversity might be expected..

During all 4 years of plant operation, diversity values have been

relatively'igh and well above the levels proposed by the Enviroanental

Protection Agency (EPA, 1973) as being indicative of healthy

(nonstressed) environments (Table C-2 ). Diversity values have fluctuated

seasonally during the 4 years of plant monitoring, but as with density,

no consistent seasonal patterns are apparent (Figures C-1 and C-2 ). The

repetitive pattern observed at Station 3 from 1976-1978 (ABI, 1979) was

disrupted in 1979 by atypical population changes of the dominant species.

Equitability values are highest when all speci,es present are repre-

sented by similar numbers of individuals. During 1979, equitability

values at trough stations (Stations 2, 4 and 5) were lower than at other

stations illustrating the disproportionate influence of dominant taxa in

the shell hash environment (Table C-2). As with diversity, seasonal pat-

terns of equitability varied among stations and were nonrepetitive.

Diversity values at Stations 0 and 1 have remained rel atively

constant during post-operational years, deviating substantially from one

another only during the fourth quarter of 1979 (Figure C-2). During that

quarter, very few individuals and taxa were collected at Station 0, and

diversity dropped to its lowest observed level. The Wilcoxon paired
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sampl e test (P =0. 05) detected, no si gni ficant differences in quarterly

diversity values between these stations when al 1 3 years of post-

operational data (1977-1979) were examined. Thus, in the area of imme-

diate discharge, there is little indication that changes in diversity

patterns have occurred since the plant has been in full operation.

Biomass

Biomass is affected by both the absolute size and number of orga-

nisms present in a sample. With the exception of Station 4, total annual

biomass during 1979 differed only slightly among stations, even though

densities varied substantially (Table C-2 ). This is due primarily to the

small size of many dominant species collected at stations having highest

densities (Stations 2, 4, and 5). High biomass values at Station 4 are

attributable to the periodic collection of relatively large echinoderms

at that station. The presence of disproportionately large individuals

detracts from the ability .to relate biomass with other community parame-

ters. Thus, it is not surprising that from 1976-1979, biomass and den-

sity of organisms were significantly correlated only at one station

(Station 5, Table C-3 ).

Biomass values were generally higher at Station 1 than Station 0

during 1979 (Table C-3 ). However, the Wilcoxon paired sample test

(P=0.05) showed no significant difference in biomass between stations

during the last 3 years of full plant operation (1977-1979).
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The Ph sical Environment as a Determinant of Communit Structure

Benthic community structure is influenced by both abiotic and biotic

factors. Among the'hysical factors affe'cting community parameters, tem-

perature and substrate are probably the most important. Substrate

variability in the vicinity of the St. Lucie Plant produces three

distinct faunal assemblages (ABI, 1978). These assemblages have main-

tained their distinctiveness over time, though'easured parameters varied

seasonally within the assemblages. The influence of sediment composition

on abundance is illustrated at Station 1 where, in September 1979, mean

grain size increased noticeably due to the presence of an unusually large

number of shell fragments in the sample (Table C-1). This shift toward

large grain size increased sediment heterogeneity, and a conccmitant

increase in both number of taxa and individuals was observed (Table C-2;

Figure C-2). Generally, however, within-habitat sediment composition has

been relatively stable throughout the period of study, varyi ng little
between years or seasons. This suggests that other components of the

phy'sical environment most likely were responsible for observed fluc-

tuations in community parameters.

In certai n areas where'emperature and sal i ni ty are rel at ivel y

stable, turbulence from storms or strong currents has been reported to be

the primary factor controlling community characteristics (Lie and Kisker,

1970; Boesch, 1972). In the vicinity of the St. Lucie Plant, wave-

induced turbulence is a common component of the physical environment and

may account for the dynamic nature of . the benthic communi ties . found

there. For example, the sediment change during September at Station 1
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may have res ul ted from turbul ence associ ated with the passing of
I

Hurricane David earlier in the month.

In most environments, temperature is an obvious causative agent for

observed community dynamics because of its seasonal. variability and known

influence on biological activities. The number of taxa at Stations 2 and

4 and the densities at Stations 2, 3, and 4 were positively correlated

with water temperature (Table C-3). The lack of correlations at other

stations suggests that factors other than temperature are more important

i n determi ni ng the numbers and types of orga ni sms present.

Alternatively, relationships between bottom water temperature and benthic

community parameters are masked by undetermined biological or physical

disturbances.

Though densities in'979 did not appear to respond to oceanic tem-

perature cycles as they had in previous years (Figure C-3 ), water tem-

perature and density were correl a ted when al 1 stations were combi ned

(Table C-3). Thus, most populations generally experienced greatest den-

sity increase during the summer. Because number of taxa and density were

highly correlated, summer was also the period when the largest number of

new taxa were introduced into the area.

Mean bottom water temperatures at Stations 0 and 1 were compared to

determine whether heated discharges from the, St. Lucie Plant produced

substantially different thermal regimes at the two stations (Figure C-4).

Noticeable differences were observed only during summer months when mean
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monthly water temperatures at Station 1 rose approximately 1 degree above

those at Station 0. However, summer temperatures at Station 1 never

exceeded 30'C, and-thus were well below those levels demonstrated to be

detrimental to benthic communities el swhere in Fl orida (Bader and

Roessler, 1972; Virnstein, 1972; Blake et al., 1976). When the data for

all 3 post-operational years were combined, neither number of taxa nor

density of organisms were found to differ significantly between these

stations (Wilcoxon paired sampl e test; P=0.05). Thus, wi thin-habitat

comparisons provide no evidence to suggest that thermal eff1uents from

continued plant operation have adversely affected the number of indivi-

duals or taxa residing near the discharge.

Plant Effects on Benthic Fauna Collected b Grabs: 1976-1979

The structure of the benthic communities in the vicinity of the St.

Luci e Plant is part of a dynamic system, dependent on variables not

necessarily related to plant activities. Seasonal variability within the

community is not necessarily indicative of long-term instability. It is

rather a reflection of the physical processes normally found in dynamic

nearshore areas. Researchers have found that seasonally dynamic systems

are often quite stable on a long-term basis (Livingston, 1976).

Both number of taxa and density of organisms were analyzed to deter-

mine whether these community parameters varied among all 4 years of post-

operational study. . Each station was'reated separately to test for

significant differences. Grab efficiency, defined here as depth of

penetration and therefore the size of the sample, was also tested to
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determine whether differences in number of taxa or number of individuals

collected were due to differences in the amount of substrate sampled.

Al 1 tests were made wi th the Kruskal -Mal 1 i s nonpa rametric stat ist ic

(P=0.05; Sokal and Rohlf, 1969) and a variation of the SNK test (P=0.05;

Zar, 1974).

No significant differences in grab efficiency were detected among
4

stations between 1978 and 1979 (Table 'C-4). Therefore, any significant

changes in community,par'ameters ar'e not attributable to. varying sample

sizes. However, significant decreases in the number of taxa occurred

between 1978 and 1979 at Stations 2, 4, and 5, stations which had sig-

nificant increases in the previous 3 years. Because no decreases in the

number of taxa were determined between 1976 (a year of intermittent

operation) and 1979, a natural cyclic change within the benthic community

is indicated.

Number of individuals decreased from 1978 to 1979 only at Stations 0

and 5. The decrease at Station 0 was apparently due to natural

variation. The decrease observed between 1976 and 1979 was due to relo-

cation after the first year of sampling. The decrease in number of indi-

viduals at Station 5 between 1978 and 1979 is also most likely due to

natural variation in that the over-all trend of both number of indivi-
dual s and number 'f taxa have been toward either no di fferences or

increases since full plant operation.
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Mann-Whitney U-tests (P=0.05; .Elliot, 1971) were applied to grab

data at Stations 0 and 1 to ascertain whether significant differences

existed between the stations. By, the use of this test, changes in

benthic community composition and abundance as a result of plant activi-
ties would be apparent. In 1979, grab efficiency was significantly

greater at Station 1 than at the control. This may be' result of the

varying substrate type collected at Station 1,.'resulting in greater grab

penetration and a larger sample. However, no significant differences in

either the number of taxa or, the abundance of organisms between the two

stations existed during 1979.

Com arison of Benthic Grab Diversit b Year

Rarefaction is a method used to graphically compare benthic diver'-

sity between two or more samples (Sanders, 1968). The technique esti-

mates, from the total sample, the number of taxa expected to occur in

sampl es contai ni ng fewer numbers of indi vidual s. Low di vers ity, a

possible indication of physical stress, is characterized by gently

sloping curves. As the slope of the curve increases, a greater number of

taxa per unit number of individuals, is expected (i.e., higher diversity).

Data for four quarters were, combined and diversity for 1976-1979 was

compared at each station (Figure C-5). Rarefaction diversity for all

stations showed fairly consistent patterns over the entire course of

plant monitoring, indicating that dramatic changes in community structure

have not occurred. Station 3 appears to be most stable over time, while

trough stations (Stations 2, 4, and 5) exhibit greater fluctuations. In
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some cases, rarefaction curves indicated, lower diversity in 1979 than in

1976, a year of intermittent plant operation. However, the fluctuation

i n rarefaction diversity among all years suggests that this decrease is a

natural pheonomenon rather than part of a steady trend of decreasing

benthic diversity. The lack of, consistent increases or decreases in
1

rarefaction diversity between years again reflects the dynamic nature of

benthic communities in the study area.

During previous years, rarefaction indicated that diversity at

Station 1 was slightly greater'han at Station 0 (ABI, 1978, 1979). A

similar divergence in rarefaction curves was found during 1979 (Figure

C-'5). This finding coupled with the very consistent nature of the rare-

faction curves at Station 1 suggest that thermal effluent from the power

plant is having no adverse effect on benthic diversity.

Dominant Benthic Grab Ph la

Environmental perturbation can effect a change in the percentage

composition of major groups comprising benthic macroi nvertebrat'e com-

~ munities .(Rosenberg, 1976)'. As the St. Luci e Plant became'ully opera-
A

tional during 1976, no major shifts in taxonomic groups were observed

(ABI, 1978). Continued plant operations have had no appreciable effect

on community composition, as percentages of major groups remained rela-

tively constant during post-operational years (Figure C-6).

Annelids continued to dominate the fauna at all but Station 3 during

1979, contributing at least 50 percent of the total number of individuals
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collected. Molluscs pred'ominated at Station 3 due to the large contribu-

tions by one or two dominant species (ABI, 1979).

Between 1978 and 1979, only a few changes in community composition

by major group were observed. At Stations 2 and 4, the relative number

of sipunculids increased; while the contribution by molluscs and arthro-

pods decreased. At Station 3, the relative abundance of molluscs

decreased substantial ly in 1979, as the 'dominant organism, Crassinella,

did not attain population peaks observed during previous years (ABI,

1979). As a result, the relative contribution of arthropods and ceph- =

lochordates at that station increased.

During 1978, faunal composition at Stations 0 and 1 were very simi-

1 ar (ABI, 1979) and, with small changes, this s imilarity was aga i n

observed in 1979. Annelids increased .in abundance during 1979, while

most other groups experienced small decl i nes (Figure C-6). When. all

post-operational years are examined, the faunal composition by major

groups at Stations 0 and 1 appear to be quite stable, and slight dif-

ferences between years can best be explained .in terms of natural phenome-

na (ABI, 1979). The simil arity between community structure at the,

discharge and control stations, indicates plant operations have had little
effect on the relative abundances of major groups.

The percentage contribution to biomass by major groups during 1979

differed substantially from the relative abundance (Figure C-7). At

shell-hash Stations 2, 4, and S, annelids, which had contributed up to 70
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percent of the numbers of individuals, accounted for only 10 to 18 per-

cent of the bi'omass. This reflects the relatively small sizes of the

dominant polychaetes and oligochaetes collected at these stations. A

combination of mol 1 uses and cephal ochordates produced the majority of

biomass. The contribution by cephal ochordates is particularly notable in

vi ew of their 'ery l ow abunda nces. These organi sms have been large

contributors to biomass in other systems as well (Bloom et al., 1972).

Corresponding to their large contribution to total abundance,

molluscs dominated the biomass at Station 3 (Figure C-7). Annelids and

a rthropods, which col 1 ect ivel y accounted for about 33 percent of the

total abundance,, provided only 7 percent 'of the biomass.

Stations 0 and 1 differed little in community composition, but ex-

hibited markedly different biomass structure (Figure C-7). The contribu-
F

tion to biomass by major groups at'Station. 0 paralleled the relative

contributions'o total abundance., This was not the case at Station
1'here

molluscs accounted for 90 percent of the biomass and only 10 per-

cent of the total fauna. This was attributable to the relatively larg'e

size of two species which ranked in the top 10 dominants at that station.

As previously mentioned, biomass did not di ffer signi fica ntl y between
I

these stations during 3 years of plant operation. Thus, discharge and

control stations were similar in both total community biomass and faunal

composition; only variabil ity in size of the component organisms

differed.
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Patterns of'Dominant Benthic Grab Taxa

NcCloskey's index (1970) was used to characterize patterns of domi-

nance over 4 years of pl ant monitoring at St. Luci e. This method

reflects both abundance and. frequency of occurrence of each taxon. A

rank "score" is computed for the 10 most abundant taxa every quarter, and

the sum of scores produces a dominance value for the year. The 10 top-

ranked taxa for each station each year were determined in this manner,

with a total of 77 taxa being classified as dominants at one time or

another since 1976 (Table C-5). Annelids accounted for over half of the

dominant taxa (41 species), whil e arthropods and mol luscs were repre-

sented by'13 and 14 taxa, respectively. Echinoderms and minor phyla made

up the nine remaining taxa.

Station 4 has been the most stable offshore station through the 4

years of sampling, with four of the same taxa ranked as domi nants. Among

the 10 top-ranked species each year, Stations 0 and 1 shared 5 dominants

in 1977, 4 in 1978, and 3 in 1979.

The apparent lack of conti nui ty between dominant taxa col 1 ected

through the 4 years of sampling indicates that, although the relative

composition of the major groups remained constant (Figure C-6), the domi-

nant components of these groups exhibited a great deal of variation. For
I

the 3 years that Station 0 was located on the beach terrace (1977-1979),

only three of the top-ranked taxa were shared. It appears, therefore,

that this variation is normal and is not attributable to pl ant

operations.
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Interstation Com arisons

Benthic community data for 1976 through 1978 have. been compared to

determine the degree of faunal similarity between stations (ABI, 1979).

Analyses indicated that there are distinct communities on each of the

three major substrate types sampled. These assemblages are represented

by Stations 0 and 1 on the beach terrace, Stations 2, 4 and 5 in the

shelly substrates, and Station .3 on Pierce Shoal. Similarities between

groups of stations within a substrate type has been shown to be more

stable spatially than temporally (ABI, 1978). Therefore, sep'arate com-

'parisons were made between stations for each year in order to indicate

any local alterations in community structure.

The Morisita (1959) index of community similarity (CX) was used to

make interstation comparisons for 1979. This index is based on the abun-

dances of shared taxa between stations, total abundances in each sample,

and respective diversities. Cx represents the degree of faunal simi,-

larity between stations, with a'alue of 1;0 expected for two samples

taken from the same community.

A trellis diagram based on these analyses indicates that Station 3

continued to be the least similar to any of the offshore stations (Figure

C-8). High similarities in 1979 were again, observed among Stations 2; 4,

and 5, with Stations 2 and 4 having the same similarity value during all

4 years. Stations 4 and 5 increased in faunal similarity during 1979,

approaching a level near that of 1976. Similarities between Stations 0

and 1 varied little from 1977 through 1979 (range = 0.44 to 0.57).
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Sediment heterogeneity, shifting dominance and fluctuating diversity

have been proposed to account for minor changes in faunal similarity from

year to year (ABI, 1979). Thus far, these changes in station groupings

are considered to be insignificant, therefore suggesting negli gibl e

plant-induced perturbations at the station localities.

Anal sis of Tro hic T es

Two modes of feeding have been found to predominate in most benthic

c ommuni ties. Depos it feedi ng orga ni sms general 1 y feed on orga nic

material in the sediment, and suspens ion feedi ng orga ni sms util i ze

material suspended in the water column (Sanders, 1958; NcCloskey, 1970).

Although other modes of feeding are present (e.g., carnivory and

herbivory), deposit and suspension feeders dominate the numbers of indi-

vidual s at all stations in the vicinity of the St. Luci e Plant (ABI,

1978).

Because of the preponderance of deposit and suspension feeding or-

ganisms in previous years, the ratios among these groups were calculated

and comparisons made between al 1 4 years of pl ant monitoring.

Predominance of one mode over another has been shown to be indicative of

surrounding substrate and water conditions (Sanders, 1958; Levi nton,

1972). Changes'n ratios between years of monitoring might therefore

indicate changing conditions related to plant operations. Due to the

distinct alignment of faunal assemblages with substrate compositon (beach

terrace, offshore trough, and Pierce Shoal ), assemblages were treated

separately.
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Data for trough Stations 2, 4, and 5 were combined, and quarterly

deposit/suspension feeder ratios for each year were compared with the

Kruskal-Wallis and SNK statistics (P=0.05). During 1976, both feeding

types were approximately equal in numbers. In 1977, the ratio of deposit

to suspension feeders increased significantly to the highest levels for

the 4 years of sampling. Ratios determined for 1978 and 1979 decreased

significantly from 1977, but they remained greater than 1976. Therefore,

these rat i os appear to be chang i ng as a res ul t of natural va riat ion

rather than continued plant oper'ation during the last 3 years.,

At Station 3, on Pierce Sh'oal, ratios for all 4 years were not

significantly different from one another, indicating little change in the

trophic structure of the community in that area. Suspension feeders,

primarily bivalve molluscs, dominated the fauna throughout the sampling

program.

When applied to quarterly ratios for 1977 through 1979, the Wilcoxon

paired sample test (P=0.05) indicated that deposit/suspension feeder

ratios did not differ significantly between Stations 0 and 1. Host

ratios at both stations were well above 1, indicating a preponderance of

deposit feeding organisms on the beach terrace. Using the Kruskal -Wallis

test (P=0.05), no significant differences were found in ratios at the

discharge station (Station 1) through all 4 years of sampling

(1976-1979). The stability of the,trophic structure at Stations 1 and 0

suggest that plant operation has not disrupted the dominant trophic

regime of the benthic community near the discharge.
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Com arisons with Baseline Benthic Grab Studies

Benthic baseline studies, conducted from 1971 through 1973 at five

of the six present offshore stations were compared with combined post-

operational data for 1977 through 1979. To date, the only published

information available described lancelet distributions (Futch and

Dwinell, 1977) and the ecological aspects of arthropod assemblages in the

vicinity of the St. Lucie Plant (Camp et al., 1977). An unpublished

ma nusc ript (Mart i n, in

press�)

describes the echi node r'm fauna of thi s

area. Other unpublished reports are not in a form which would lend the

data to statistical comparison.

The Mann-Whitney U-test (P=0.05) which was applied to the=published

data indicates that no significant differences in lancelet density was

found following the start of plant operations except at Station 2 where

significant increases were observed (Table" C-6). Arthropod densities

were s igni fica ntly greater at Stations 1, 2, and 5 duri ng post-

operational studies with no significant changes at Stations 3 and 4.

Diversities were al so si gni fica ntl y greater at three stations during

post-operational years, with Stations 3 and 5 exhibiting no change.

Significant increases in echi.noderm densities were noted at Stations 2

and 5 following the beginning of full plant operation. Echinoderm den-

sities'at other stations did not change significantly between baseline

and post-operational studies. These data clearly indicate no reductions

in the above mentioned constituents of the benthic community following

plant construction and ful 1 operation. The causes for increases are

unknown, but the extensive nature of this phencmenon suggests that the
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increases were probably part of long-term community dynamics rather than

due to localized plant influences.

Benthic Trawl Collections

During 46 months (March 1976 through December 1979) of otter, trawl

collections at the six benthic stations, 34,277 macroi nvertebrates

comprising 266 taxa were identified. During 1979, 10,510 individuals

(118 taxa) were col 1 ected. Collections from Station 1 produced the

highest number of taxa--54; Station 3 produced the least--36 (Figure

C-9).

Seasonal Variation: Trawl S ecies Richness

As in previous years, seasonal patterns of species richness (Figures

C-10 through C-15) varied among stations during 1979. In general, spe-

c i es richness was relatively high during late summerearly autumn. *

Station 1 was the only exception, with rel ativel y few taxa being

collected during that
period.'hough

bottom water temperatures were slightly higher at Station 1

than at the control station from July through November 1979, no signifi-
cant correlation between bottom 'water temperatures and species richness

at Station 1 was indjcated by the Spearman rank correlation (Siegel,

1956; P=O. 05). In addi t ion, the res ul t s of the Mann-Whi tney U-test

(P=0.05) indicated no significant difference between the number of taxa

collected at Station 1 and the control station. Therefore, no signifi-
cant effect of power plant discharge on species richness at Station 1 was

indicated during 1979.
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When seasonal patterns of speci es richness. were compared between

1978 and 1979, species richness was noted to be generally lower and less

variable during 1979. Because this phenomenon was widespread (occurring

at the control and most other stations), 'it was apparently a result of

natural processes not related to power plant discharge.

Benthic Trawl S ecies Richness from Year to Year

Pooled species richness data (Figure C-9) indicate that fewer taxa

were collected in 1979 than in any previous year at every station, except

Station 3. Total 'umber of taxa collected at Station 3 remained rela-

tively constant from year to year.

The number of taxa decreased at all stations between 1978 and 1979

with the gr eatest decrease occurring 'at Station 0 and the least at

Station 3. The substantial decrease in species richness at Station 0

probably reflects a natural over-all decrease in taxa in the study area

as well as the lack of large quantities of drift algae, which were prob-

ably responsible for the significant increase in species richness at

Station 0 between 1977 and 1978 (ABI, 1979).

When compared to 1978 data using the Mann-Whitney U-test, signifi-

cantly fewer taxa were collected during 1979 at Stations 0, 2, 4, and 5,

but no di fference was indicated between. years at Stations 1 or 3.

Neither results of these tests nor observed fluctuations in species rich-

ness are indicative of detrimental effects due to power plant operations.

C-25



I
I



Trawl Abundance Data

During 1979, macroi nvertebrates were most abundant from trawl

collections at Stations 0 and 1 (Figure C-16) primarily due to large num-

difference in total numbers of individuals between Stations 0 and 1 in

.1979 was primarily due to the extremely high number of A. americanus

collected in December at Station 0. The small size of this species,

however, may not allow effective sampling by the trawl. Elimination of

Acetes from abundance data resulted in total abundances of 1765 indivi-

duals at Station 0 and 2106 individuals at Station 1. These abundances

are quite similar, considering the semi-qua nti tative nature of trawl

collections, and are not indicative of power plant influence.

Considerable variations in abundances were note'd at most stations

between years. These variations are probably a result of normal fluc-

tuations in densities of dominant taxa, as well as the semi-quantitative

nature of the trawl. Comparisons between years indicate a continuous

increase in the number of individuals over the past 3 years at Station 0

and over the past 4 years at Station 1. Thus, there is no apparent

detrimental effect of power plant discharge on abundances of macroinver-

tebrates at trawl stations.

Commerciall Im ortant S ecies

Six species of commercially important shellfish were included among

the mac roi nv crt eb rates col 1 ected duri ng 1979 (Tabl e C-7). Al l were

collected in r'elatively low numbers. As in the previous 3 years, the
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most abundant (39 specimens) of these was the pink shrimp Penaeus

duorarum followed by the brown shrimp Penaeus aztecus (25 specimens), the

blue crab Callinectes ~sa idus (8 specimens), the rock shrimp ~Sic naia

brevirostris (5 specimens), and the pink spotted shrimp Penaeus brasi-

1iensis (3 specimens). As in previous years, unidentifiable juvenile.

shrimp of the genus Penaeus (13 specimens) were present in 1979 samples.

Stone crab ~Mani e mercenaria has been collected only once during past

monitoring programs.

Though abundances of Penaeus duorarum and ~Sic onia brevirostris

decreased between 1978 and 1979, Penaeus aztecus and Callinectes ~sa idus

increased in numbers between 1978 and 1979. Fluctuations in abundance

and distribution of commercially important species do not appear to be

related to power plant discharge.

Trawl Collections of Trach enaeus constrictusp, p h p~Th
was collected in large numbers during 1979. This species occasionally

occurs in commercial catches of bait shrimp but is usually of minor com-

merci al importance.

Though abundances of this species have fluctuated between years at

all stations, T. constrictus has .been consistently collected in great

numbers at Stations 0 and 1 (Figure C-17). The results of the Wilcoxon

'airedsample, test (P=0.05) indicated no significant difference between

Station 1 and Station 0 abundances during 1979 or any of the previous 3
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years. Therefore, the power plant discharge has no significant effect on

abundances of T. constrictus at Station l.

Monthly abundance data for T. constrictus indicated that, during

1979, maximum abundance occurred during January 'at Station 1 and during

December at Station 0 (Figure C-18). Differences between the numbers of

T. constrictus collected at these stations probably indicated natural

differences in the spatial and temporal distribution of this species, as

well .as the semi-quantitative aspect of the trawl as a sampling device.

Nevertheless, abundance patterns at Stations 1 and 0 appear quite similar

when compared over the enti re 4-year period indicating little, if any,

effect from power plant discharge.

Dominant Taxa Collected b Trawls

Dominant species captured by the trawl at each of the six offshore

stations were determined by using the biological index value of HcCloskey

(1970). To facilitate comparisons with 1976 data, which were collected

from Narch through December, values for January and February were

excluded from 1977, 1978, and 1979 ranking calculations.

h h ph T ~Th ', d h p

collections continued to show a high degree of replacement from year to

year (Table C-8). The most noticeable change in dominance occurred in

1979 at Station 4 where' considerable decrease in the dominance of the

sand dollar Mellita uin uies erforata was noted. The great variability

in dominant species is probably indicative of natural changes in com-

munity structure.
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Trawl Diversit

Dominance-diversity curves (Whittaker, 1965) depend solely on the

abundance of each species in a sample. A high degree of dominance (i.e.,

low diversity) is indicated by a steeply sloping curve while a gently

sloping curve indicates a more equitable distribution of species

abundances (i.e., high diversity).

Dominance-diversity curves for 1979 produced station relationships

that differed in several respects from those of previous years (Figures

C-19 through C-24). The most conspicuous differences were decreases in

diversity at Stations 0 and 5 and a decrease in the dominance of the top-

ranked species at Station 4.

Decreases in diversity at Stations 0 and 5 are apparently due to the

natural decreases in species richness and do not indicate detrimental

effects from the power plant discharge. Decreased'ominance at Station 4

979 1 H f M i i h b

forata collected at that station.

Compared to previous years, Station 3 was slightly more diverse in

1979 whil e Station 2 was slightly less diverse. Dominance-diversity

curves indicate little change in diversity at Station 1 during the last 3

years (1977-1979) and little difference between Station 1 and the control

station during 1979. Therefore, power plant operation has no apparent

detrimental effect on diversity of larger epibenthic invertebrates in the

vicinity of the discharge.
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Trawl Station Similarit

The Morisita index of community similarity (CX; Morisita, 1959) was

used to compare trawl stations during each year (Figure C-25). In

general, similarities between Station 4 and the other trawl stations were

higher in 1979 than in previous years. This increased similarity prob-

ably reflects the considerable decrease in the Mellita uin uies erforata

population at that station.. As previously mentioned, fluctuations in the

Mellita population at Station 4 do not apear to be related to power plant

operati on.

Similarity between Stations 0 and l,increased slightly between 1978

and 1979 but remained considerably lower than in 1977. The presence of

an extremely high number of 'Acetes americanus in the. December 1979 trawl

collection at Station 0 appears to be responsible for the relatively low

similarity'etween Stations 0 and 1. As discussed previously, Acetes

amer icanus may not be effeet ivel y sampl ed by the trawl . When the

Mori sita index was recal cul ated excl udi ng Acetes, similarity between

Stations 0 and 1 wa's extremely high (CA=0.99) in 1979. The extremely

high similarity between Stations 0 and 1 (excluding Acetes) is indicative

of little, if any, power plant effect on the epibenthic macroinvertebrate

community in the vicinity of the discharge.

Com arisons with Baseline Trawl Data

A monthly otter trawl program was conducted at night in the vicinity

of the discharge prior to plant start-up (September 1973 - August 1974;

Camp et al., 1977). Although that program is not identical to present
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studies (e.g., tow times were longer and the trawl was of a slightly dif-

ferent design), the data are representative of the larger, more motile

crustacean component of the benthos= and are reasonably comparable with

post-operational data (1976-1979).

At the discharge (Station 1), the total number of individuals,

number of taxa, and number of taxa identified to species level increased

from baseline to follow-up studies (Table C-9). Although these obser-

vations could very well be attributable to differences in methodology,
y

the number of species shared between the two studies, an average of 66

percent, is considerably high. This value is well within the normal

variability of species shared between years of fol 1 ow-up sampl ings

(approximately 50 percent). It appears, therefore, that the larger

crustacean component of the benthic community has changed little in the

vicinity of the discharge since plant start-up.

During basel inc studi es, only one speci es of echi noderm

was'ollected

in night trawls at Station 1 (Table C-9). Though higher num-

bers of species were collected during 3 post-operational years, only one

species was again collected in 1979. Echinoderms were apparently a minor

component of the benthos at Station 1 before and after power plant

start-up. No detrimental effects due to plant operation are indicated by

these data.
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SUMMARY

Quarterly grab and monthly trawl sampling for benthic macroinver-

tebrates was continued at six offshore stations in the vicinity of the

St. Lucie Plant (Figure A-1). Data from 1979 is presented and compared

with 1976, 1977, and 1978 i nformation. Data from 1976 represents a

period of intermittent plant operation, while 1977-1979 data essentially

represents full plant operation. Baseline comparisons, using preopera-

tional data, were made where possible.

Percentage composition of the larger sediment grain size fractions

increased somewhat at Station 1 during September 1979 and was the only

major change in sediment data collected in 1979. Wind, waves and
I

currents generated by Hurricane David possibly could have produced this

atypical sediment distribution in the vicinity of the discharge.

Grab data continued to show extensive seasonal variations in benthic

community structure during 1979. Again, the number of taxa collected

showed a significant correlation with density in the study area. Density

trends for all stations generally tended to be directly associated

throughout the study with mean bottom water temperature, although few

significant correlations were determined. No significant differences

were determined in quarterly benthic community ,parameters between

discharge and control stations during 3 years of full plant operation.

Macroinvertebrate abundance by major taxonomic group in grab collec-

tions exhibi'ted little change from 1976 through 1979. It was shown,
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however, that biomass could vary greatly in relative composition by

group.

Although the dominant species fluctuated from year to year at all

stations, these changes were attributed to natural dynamics of nearshore

communities. The portion of top-ranked species shared by discharge and

control stations decreased only slightly from 1977 through 1979. A more

drastic reduction would be expected if the discharge area were signifi-

cantly stressed.

No significant reductions in number of individuals or number of spe-

cies collected by grab sampling were observed from 1976-1978 (excluding

Station 0). However, some reductions occurred between 1978 an'd 1979.

The over-all trend throughout the sampling program indicated that these
\

reductions are due to natural variability.

Both. rarefaction diversities and community similarities calculated

from benthic grab data for 1979 showed little change when compared to

previous years. The discharge station had slightly greater diversity

than the control in 1979, and community similarity between the two areas

was consistent with those observed during previous years. Comparison of

full operational data (1977-1979) with published preoperational data from

the study area showed no significant reductions in diversity.

Trawl sampling of macroinvertebrates in 1979.-indicated that commer-

ciallyy

important shel 1 fish continued to be represented by very small
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importance, remained dominant at both the discharge and control stations.

II itifi Piff th ht. 6 f~fh
constrictus collected at discharge and control stations.

Significant reductions in the number of benthic trawl taxa collected

were noted at Stations 0, 2, 4 and 5 between 1978 and 1979. These reduc-

tions appear to reflect natural changes in community structure, however,

because no significant difference between number of taxa collected at

discharge and control stations occurred in 1979. Furthermore, trawl

diversity was similar at these two stations.

Comparison of post-operational trawl data with baseline data on

trawl crustaceans indicated little cliange in the vicinity of the

discharge since power plant start-up.
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Figure C-1. Density and diversity of benthic macroinvertebrates collected by Shipek
grab at Stations 2, 3, 4, and 5, St. Lucie Plant, 1976-1979.
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Figure C-8. Morisita indices of simi1arity between offshore stations
based on Shipek grab data (a11 quarters combined for each
year), St. Lucie Plant, 1976-1979.
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Figure C-9. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at each offshore
station, St. Lucie Plant, March through December
1976 and all months of 1977, 1978, and 1979.

Note: March through December 1977, 1978, and
1979 are shaded for comparison with 1976.
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Figure C-10. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at Station 0,
St. Lucie Plant, March 1976 - December 1979.
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Figure C-ll. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at Station 1,
St. Lucie Plant, March 1976 - December 1979.
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Figure C-12. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at Station 2,
St. Lucie Plant, March 1976 - December 1979.
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Figure C-13. Total number of benthic macroinvertebra'te taxa
collected by monthly otter trawl at Station 3,
St. Lucie Plant; March 1976 - December 1979.
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Figure C-14. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at Station 4,
St. Lucie Plant, Harch 1976 - December 1979.
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Figure C-15. Total number of benthic macroinvertebrate taxa
collected by monthly otter trawl at Station 5,
St. Lucie Plant, March 1976 — December 1979.
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Figure C-16. Total number of benthic macroinvertebrates
collected by otter trawl at each offshore
station, St. Lucie Plant, March through
December 1976 and all months of 1977, 1978,
and 1979.

Note: March through December 1977, 1978, and
1979 are shaded for comparison with 1976.
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Figure C-17. Abundance of Trash enaeus constrictus in trawl
collections for all months combined, March through
December 1976 and all months of 1977, 1978, and
1979, St. Lucie Plant.

Note: March through December 1977, 1978, and
1979 are shaded for comparison with 1976.
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Figure C-21. Dominance-diversity curves for trawl collections at
Station 2, St. Lucie Plant, 1976-1979.
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Figure C-22. Dominance-diversity curves for trawl collections at
Station 3, St. Lucie Plant, 1976-1979.
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TABLE C-I

SEOIHENT SILE ANALYSIS (PERCENTAGE BY WEIGHT) AT BENTHIC 5'IATIOHS
ST. LVCIE PLANT

1979

Very Very Silt and Hean Sorting
Pebble Granule coarse sand Coarse sand Hedium sand Fine sand fine sand cia diameter coefficient

Station tr >lb 16-8 8-4 4-2 2-1 1-0.500 0.500-0.250 0.250-0.125 0.125-0.063 <0.063 B

0 I 0.0 2.1 1.5
2 ,0.0 '.0 0.1
3 0.0 0.0 0.4
4 0.0 0.0 0.2

I I 0.0 0.0 0.5
2 0.0 ,0.8 1.6
3 0 0 2.2 3.6
4 0.0 0.0 0.4

2 I 0.0 0.7 3.6
2 1.3 1.8 1.8
3 0.2 1.7 2.5
4 0.0 5.7 9.2

3.2 4.5
0.6 0.6
0.9 1.1
0.7 1.0

0.9 0.9
1.7 3.3
4.9 5.5
0.5 1.9

7.2 18.1
3.9 21.0
2.8

[
14.2

11.5 35.2

4.3
0.4
0;9
1.7

0.4
4.8
5.9
1.1

21.3

0.3 24.3 53.2
0.2 12.1 76.9
1.6 70.3 24.3
0.2 65.8 . 21.4

0.3 23.4 62.9
8.1 I 51.1 '2.7]

18. 2 [42.0 16.5)
0.9 64.7 24.1

12.3 32.5 0.3
11.6 34.7 0.6

L"'j 1.9
0.1 15.0 0.8

6.5 2.6
9.1 3.4
0.4 2.6
9.2 2.8

10.6 3.2
5.8 2.4
1.2 - 1.7
6.8 2.8

0.1 0.8
0.2 0.9
0.2 0.8
1.2 -0.2

3.0
0.5
0.7
0.8

1.3
2.0
3.0
0.8

2.2
2.6
1.8
2.9

3 I 0.0 0.0 0.0
2 0.0 0.0 0.0
3 0.0 0.0 0.3
4 0.0 0.0 0.0

0.1 0.4
0.2 0.9
0.2 0.7
0.1 2.0

1.8
4.3
3.7
5.2

11.1 . $
5.8

3.1 f91.11
33.5 [61.2]
0.4 91.0

0.6
0.3
0.6
0.1

0.1 2.3
0.1 2.4
0.1 2.1
0.3 2.3

0.2
0.3
0.4
0,4

4 I NOa ND ND
2 0.0 0.7 2.1
3 0.0 1.5 3.3
4 0.0 7.1 3.6

5 I 0.0 0.5 1.5
2 0.2 2.0 4.4
3 0.4 . 7.5 6.5
4 0.0 15.4 7.6

ND ND
7.3 r24.9
7.1 )IB.I
6.2 26.1

2.5 8.9
5.7 18.6
9.7 18.2
9.2 21.2

ND
31.0

27.6

['' l

ND
10.2
31.6
0.2

34.4
4.0

23.2
0.2

ND

[ii'.'i]

31.4
38.0
6.6

23.5

ND
0.4
1.0
0.1

0.8
1.3
2.8
0.2

NO

0.1
0.2
0.3

0.4
0.3
1.0
2.5

ND
0.6
0.6
0.3

1.3
0.8
0.1

-0.2

ND
1.9
1.9
3.1

1.5
2,8
3.2
4.6

Note: Brackets surround consistently higher (>IOS) percentage groups.

aNO No data.
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TABLE C-2

BENTHIC GRAB HACROINVERTEBRATE AND STATISTICAL DATA BT STATION AND OVARTER
OFFSHORE STATIONS 0 THROUGH 5

ST. LVCIE PUNT
1979

Paraneter

Station
Hean

I 2 3 4 5 Hean excludin Sta 0

No. of taxa

Density
(individuals/>n2)

than nunber
of individuals
per saople

I
2
3
4

Total
Hean

3
4

Total
Bean

1

2.
3
4

Totala

31
18
21

4
56
19

1458
375
475

67mr
594

58i23
15+4
19>6
3+2
AS

32 101
,19 108
65 111
21 105
97 202
34 106

1175 10,462
450 10,846

2741 9,471
258 16 627

4624 ~40
1156 11,852

47i6 419i50
1874 434a239

I 1 &72 37%58
IVI2 665+Y23

535 3691

40
32
26
18
67
29

2407
1508
825
891

~61
1407

96il4
60+14
330i0

%5
676

93
117
115
73

194
99

10,571
10>404
14,411
8 480

4344>
10,966

423+28
416@14
577+162
33%i67

5766

117
108
113
84

212
105

8,113
7>172
8 313

~ 2
9,585

588i139
234+124

28Ti73
333 IT96

>(603

69.0,
67.0
75.2
50.8

138.0

6,783
5,291
5,849
5.773

23>707

76.6
76.8
86.0
60.2

154.4

7,848
6,274
6,924
6,914

27,974

Bionass
(9/4)

Diversity
'd)

Equitability
(e)

3
4

Total
Hean ~

I
2
3
4

d/year
Heanb

I
2
3
4

e/year
Hean

0.339
0.176

16.988
0.060

4.391

4.049
3.562
3.975
2.000
4.832
3.397

0.774
0.944
1.095
1.250
0.768
1.016

0.761
0.601
2.550

25.288
rK25r

7. 300

3.973
2.859
5.023
4.196
5.429
4.013

0.727
0.526
0.754
1.286
0.670
0.823

10.)29
5.446
4.234

K2%
6.300

4.785
5.089
4.391
4.285
4.979
4.638

0.406
0.472
0.279
0.276
0.235
0.358

3.986
13.564
0.928
0.195

4.668

3.760
3.207
3.236
2.740
4.087
3.236

0.500
0.406
0.500
0.500
0.373
0.477

31) 0)
133.658
17.348

,vr7rr
117.929

4.303
4.724
3.733
4.398
4.694
4.290

0.312
0.333
0.165
0.425
0.201
0.309

14.0VI
3.099
2.360Yrm
5.691

4.747
5.265
4.987
4.802
5.418
4.950

0.342
0.537
0.416
0.494
0.302
0.447

5)'9
27.112
8.248

. 4.283
4.118
4.224
3.737

0.510
0.536
0.535
0.705

6(:(5
29.136

9.885

4.329
4. 229
4.274
4.084

0.457
0.455
0.423
0.596

aTotal ember of individuals collected at each station for the year.

bDiversity (dg values between 3 and 4 generally indicate unpolluted waters (EPA, 1973).
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TABLE C-3

SPEARMAN RANK CORRELATIONS (RS) FOR VARIOUS COMBINATIONS OF NUMBER

OF. TAXA, DENSITY AND BOTTOM WATER TEMPERATURE

OFFSHORE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
1976 - 1979

Station

0 (n =12)

1 (n=16)

2 (n=16)

3 (n = 16)

4 (n=16)

5 (n=16)

All
(excluding 0; n = 16)

\

Taxa vs.
tern erature

NS

Density vs.
tern erature

NS

Density vs.
biomass

NS

NS

NS

Taxa vs.
densit

aNS = not significa'nt.

*Significant correlation (P = 0.05).

-**Highlysignificant correlation (P = 0.01).
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TABLE C-4

KRUSKAL-WALLIS AND SNK COMPARISONS OF GRAB REPLICATE DATA
ST. LUCIE PLANT

1976-1979

Parameter Year

Station
2 3

Grab efficiency

Number of taxa

Number of
individual s

1976'-77
1977-78
1978-79
1976-78
1976-79

1976-77
1977-78
1978-79
1976-78
1976-79

1976-77
1977-78
1978-79,
1976-78
1976-79

decrease*
decrease*

NS

decrease*
decrease*

decrease*
decrease*

NS

decrease+
decrease"

decrease*
decrease*
decrease*
decrease*
decrease*

decrease*
NS

NS

decrease*
decrease*

NS

NS

NS
'NS

NS

NS

NS

NS

NS

NS

NSa .

NS

NS

NS

NS

increase*
NS

decrease*
increase*

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS-

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

increase*
decrease*
increase*

NS

NS

NS

NS

NS

NS

decrease*
increase*

NS

decrease*
decrease*

increase*
NS

decrease*
increase*

NS

increase*
NS

decrease*
increase*
decrease*

aNS = not si gni fica nt.

*Significant at P = 0.05.
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TABLE C-5

TEN TOP-RANKEDa DONINAIIT TAXA OF BENTHIC
HACROINYERTEBRATES'ROH

GRAB SAHPLES AT SIX CFFSHORE STATIONS
ST. LVCIE PLANT

1976 - 1979

0

STATION AIS YEAR

Taxa 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979

PLATYHELNINTHES
NEHERTINA
AANELIDA

~Ao rio~nos io ~da i
Amands~d~dlTis
~Ax>Othe la aaCOSa
B a t eTlel t sls
Tunlce vittata
~Exo one ~dss ar
F~io ran~ua sp. A

on'iada 1ttorea
G \ did *pl ho

Grania xpacrochaeta~bd S

Heterodrilus arenicolus

10
10

2 2

5 7 3
8 2 2

7

I 4 3

8 6 5

I I I I I I I 4
5
3

8
2 10

7 6
2 3 5 3

2 3 2 I

6
9

4
5

8 4 2

9

4 3 10 8 3 2 = 4

9
3
I I

2

6

etsCBS
Pol cirrus exiaius

d sp
~pt 1 'tt
Protodorvillea kefersteini

9
6

Loicxia medusa
~Lucbr neris «ruzensis
HaCrOChaeta Sp.
Hediocastus californiensis
~Nht S C . 1

~ps ocaaeta spp.
~Onu his erecxita oculata~a'oases 1~la< ata-

3
9

10 10

10 8

8
9

10

9 10 10 6

10

10

2 8 10

~too s sp.
Pseudovernpilia sp. A
SSGO d 1 ~f8 le
race t
JS shl s 1\ ~ sp A
S haeros llis spp.tt
S~th ~b~
~5irorbls sp
~sures~de los 111 )

1

~Thar x carlonl
~Thar x Sp.
TubifTcid sp. C

Tubificid sp. E

~tbt 1 *ld S SP C

~~et 1* ls sp. A 4

10

9 2

6 4

10

5

6

4

10

7 5

3

10

4

6 5

4 9

6



TABLE C-5
(continued)

TEN TOP-RANKEDa DOHINANT TAXA OF BEtiTHIC HACROINYERTEBRATES
FROH GRAB SAHPLES AT SIX OFFSHORE STATIONS

ST. LUCIE PLANT
1976 - 1979

0

STATION AND YEAR

Taxa 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979 1976 1977 1978 1979

n
I

Ch
Co

HOLLUSCA
Caecea'~coo eri
Z. stri osuo
C asst e ~att a a

C. lunulata
Cre Tddu a f'ornicata
eta ~ca s

~~as s ~ct st
itch ech t ~ht
tl. ~tattes s
Hacoxa brevifrons
6 iva ~sa ana
8 ivel a oralia
~swe e ~ctc s

ARTHROPOOA
Bala s ~tl
'h. venustus
~cclas s B st la ?
C. varfans
F~ur d~i~c~e~ TTittoralis
~He ita sp. A
Hicrocerberus sp. A

st i s ithi
Pseudo at ishno us sp. A
rotohaustorius sp. A

~~ca c . ice

10

9
3

3 6

7 4

4 2 6 4

6
5

4

9 5 6

9 7

6
3 4

5
2

3
2

4
2

8 8 7

I I I I

10

10

lriehO hOxuS Sp. A
richo hoxus sp. 8

Si UN ULIOA
PHORONI OA
ECHI NODERHATA

hi ei B 1 a*ala
ypeasteroida

Hellitidae sp.
Ophiuroidea

CEPHALOCHOROATA
BranchiostcnBa caribaeun

5
8 2 4 3 2 I 1 I

6 9 9 9

2 1 1 I 3

4

6

10

5
10

3

8

aRanked according to HcCloskey t1970) biological index values.



TABLE C-6

MANN-WHITNEY U-TEST -COMPARISONS BETWEEN GRAB DATA
ST. LUCIE PLANT

1971 - 1973a AND 1977 - 1979

Parameter

Lancelet density (no./m~)

Arthropod density (no./m~)

Arthropod diversity (d)

Echinoderm.density (no-/m~)

NSb

increase*

increase*

Station

increase*

i ncrease*

increase*

increase*

NS increase*

NS NS

NS

increase*

NS

increase*

aFutch and Dwinell, 1977; Camp et al;, 1977; Martin, in press.

bNS = Not significant.

*Significant at P = 0.05.
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TABLE C-7

COMMERCIALLY IMPORTANT SPECIES OF NCROINVERTEBRATES
CAPTURED BY TRAWL COLLECTIONS

ST. LUCIE PLANT
1976 - 1979

S ecies

Callinectes ~sa idus

~Mani e mercenaria

Penaeus aztecus

Penaeus brasiliensis

Penaeus duorarum

Penaeus sp.

~Sic onia brevi rostris

Year

1976
1977
1978
1979

1976
1977
1978
1979

1976
1977
1978
1979

1976
1977
1978
1979

1976
1977
1978
1979

1976
1977,
1978
1979

1976
1977
1978
1979

Number
ca tured

0
12

2
25

43
57
97
38

11
15
11
13

21
35
67

5

Station

Oa1
1

1

0,1,2

0,1,5
1

0,1,2,4,5

0,5',2

~ 1,5
1,2,5

0,4,5
al 1

0,1,2,4,5
0,1,2,4,5

0,1
0,1

1,2,5
1,2,5

0,2,3,5
- 0,2,3,4,5

al 1

2,5

C-70
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TABLE C-.8

FIVE TOP-RANKEDa DOMINANT TAXA OF BENTHIC INVERTEBRATES
FROM TRAWL SAMPLES AT SIX OFFSHORE STATIONS

ST. LUCIE PLANT
1976-1979

Station S ecies

~ih
~Cre idula fornicata
Mel 1 ita uin ui es erforata
Anomie ~sim lex
Portunus s i nimanus
T1Th~11
Turbo castanea
~Loli o glei~h1 bd

Processa ~hem hilli
Acetes americanus

TT~T
~Sic onia dorsalis~h1

bd'ellita uin uies erforata
~Suil 1 a ~ne 1 acta

1

~Loll o plei

"' —''
Processa ~hem hH li
Acetes americanus

~Cre idula fornicata~h
Anomie ~sim 1 exu'"i
Processa ~hem hilli
1

1976 1977 1978 1979

1

2

3,
3
4

5
3
4

1 1

2 3
3
5 2

5

3
2 1

~Loli o plei~h b

Portunus gibbesii

TThT "
Trach eneo sis mobil is inis

'Portunus ~ance s
bd

~Enco e michel ini

1

2
3 ~

4
5

5 3
5

1 2
4

2
3



I

I

I

I



TABLE C-8
(continued)

FIVE TOP-RANKEDa DOMINANT TAXA OF BENTHIC INVERTEBRATES
FROM TRAWL SAMPLES AT SIX OFFSHORE STATIONS

ST. LUCIE PLANT
1976-1979

Station

3
(cont 'd)

S ecies

P 1 ll ~bi d

Processa sp. A
Mell ita uin uies erforata~h" p.

Mellita uin uies erforata

~h

Anomie ~sim lex
d

Turbo castanea
~Loli o ~lei
Processa ~hem hill i

d
T1Th~Tpd
Acetes americanus
Portunus ~ibbesii

1976 1977 1978 1979

~ 1

5

~Cre idula fornicate
~T

Turbo castanea
Anomie ~sim 1 ex

n—'"'
~PT u
Chione ~res

1

2
3
4
5

1 1

Processa ~hem hil 1 i

aRanked according to McCloskey (1970) biological index values.

P~T„h „,p p b hid;1 p;, 1 ~Th
constrictus but positive identification to species is not possible.
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TABLE C-9

COMPARISON OF CRUSTACEANS AND ECHINODERMS COLLECTED BY OTHER TRAWLS

DURING BASELINEa(1973-1974) AND FOLLOW-UP STUDIES (1976-1979)
STATION 1

ST. LUCIE PLANT

Arthro ods
Baseline
1973-74 1976 1977 1978 1979

Total number of individuals 201 509 763 1377 2374

Total number of taxa

Number identified to species

Number shared with baseline

26

17

32

26

41

34

13

54

12

36

24

12

Echinodeems

Total number of individuals

Total number of taxa

Number identified to species

Number shared with baseline

21 20

8

aCamp et al., 1977; Martin, in press.
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D. PHYTOPLANKTON

Environmental Technical Specification (3.1.B.b)

Plankton - Plankton samples will be collected monthly.
Both zooplankton and phytopl ankton speci es wil 1 .be
identified as to kind and abundance. Chlorophyll "a"
anal ys i s wi1 1 be performed as a measure of primary
productivity.

INTRODUCTION

The pur poses of the phytoplankton study at the St. Lucie Plant are

1) to monitor changes in phytoplankton density, relative abundance,

pigment levels, and productivity and 2) to examine the relationships

between these variables and power plant operation with regard to physi-

cal and chemical parameters.

/
Phytoplankton consists of the chlorophyll-bearing algae which drift

passively or have limited means of locomotion and are, therefore, carried

largely by waves'and currents in aquatic enviroreents. Phytoplankters,

along with macrophytes which are important contributors only in shallow

water (Reid, 1961), form the basis of the aquatic food 'chain using solar

energy to convert inorganic nutrients into protoplasm by means

of'hotosynthesis.Phytoplankters are consumed by zooplankters and other

filter feeders which, in turn, provide food for larger carnivores. Thus,

phytoplankton abundance and composition in aquatic ecosystems ultimately

determine the quantity and quality of various larger organisms which

depend on phytoplankters for food-
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Physical and chemical factors which-influence phytoplankton standing

crop and productivity include water temperature, light, nutrient availa-
E

bility, salinity, and current. Because major groups of algae vary both

in temperature tolerance ranges and in temperature ranges for optimum

growth (Patrick, 1969), thermal additions from power plants may affect

the composition as wel 1 as the density of entrained ptptoplankton.

Alterations of phytoplankton species composition, diversity, and popula-

tion succession have been attributed to power plant thermal addition in

various studi es (Carpenter, 1973; Patrick, 1974; Bri and, 1975).

Extensive changes in phytoplankton composition rray disrupt food chain

relationships and affect the diversity and condition of consumer forms

because various phytoplankton groups differ in their relative food value.

Investigators have found that adverse environmental factors in
addi-'ion

to increased water temperature create a combined impact on the phy-

toplankton community which may be greater than that of either parameter

alone (Grayum, 1971; Fisher and Wurster, 1973; Griffiths, 1973; Thomas

and Dodson, 1974; Fox and Moyer, 1975; Flemer and Sherk, 1977; Roberts,

1977). Even when water temperatures are not high enough to cause death,

these synergistic effects may profoundly disturb phytoplankton

productivity, species composition, and physiology; this may directly or

indirectly lead to impact at higher trophic levels.

Recent studies have addressed the combined effects of thermal addi-

tion and chlorination on phytoplankton standing crop and productivity.

Mixed phytoplankton cultures taken from the intake and discharge canals

D-2
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of a coastal power plant indicated substantial growth recovery potential

of entrained phytoplankton (Goldman and guinby, 1979). In another

coastal power pl ant study, however, phytopl a nkton nitrate reductase

(enzyme) activity was depressed as a result of entraianent and showed no

sign of recovery following a 24-hour incubation period (Peck and Warren,

1978). 'ne hundred percent mortal ity of entrained phytoplankton was

observed at total residual chl orine concentrations of greater than 1.0

part per million in a power plant study in Connecticut (Gentile et al.,
1976). Variability among these results as well as among those previously

cited show that power plant effects are difficult to generalize; they

must be assessed on the basis of individual plant location and opera-

tional characteristics. Factors commonly associated with coastal power

pl'ants, which include the proportionately small percentage of available

water entrained, complete dissipation of chlorine in seawater, and rapid

return of 'cooling water to ambient temperature, minimize the impact of

entrainment on phytoplankton (Goldman and guinby, 1979).

MATERIALS AND METHODS

Ph to lankton Anal sis

Monthly phytoplankton samples were collected from surface and bottom

levels of the water column at six offshore stations (Stations 0 through

5) and in the intake canal =-(Station 11; Figure D-1). After November

1976, only the surface level was sampled in the discharge canal (Station

12). Replicate l-l whole-water samples were collected at each station

with a pump designed to minimize damage to the phytoplankters (Figure

D-2). Each 1-1 water sample was preserved in the field with 5 per'cent

D-3
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buffered formalin,and returned to the laboratory. The preserved samples

were allowed to settle for a minimum period of 4 hours per centimeter of

height of sample before concentration (EPA, 1973). Whole-water samples
J

were used in conjunction with the sedimentation technique for qualitative

analyses and quantitative estimates of "standing crop.

Microscopic analysis was performed by the Utermohl (1958) technique

with inverted compound microscopes equipped with cal ibrated ocular

micrometers. Identifications and counts were made after the sample con-

centrates had settled a minimum of 4 hours in counting.chambers. Through

the use of random field counts, 'phytoplankton species were enumerated

(Littleford et al., 1940; APHA, 1971; EPA, 1973) in two identically pre-

pared counting chambers per replicate sample. A minimum of one-half the

entire counting chamber was examined to enumerate large and relatively

scarce phytoplankters. Statistical analyses (hierarchical design analy-

sis of variance) were used to determine the exami.ned volume of sample

concentrate necessary to ensure 90 percent accuracy in counts at the 95

percent confidence interval.

All phytoplankters, except some, green and blue-green al gae, were

counted indi vidual ly. Filamentous green and .blue-green al gae were

measured in 100@ standard lengths, with each length representing one

counting unit. Colonial forms exclusive of diatoms were, counted, with

each colony representing one counting unit. An average number of .indivi-

dual.s per colony was specified where possible. Cells per liter (N) were

calculated by:

D-4
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N

Vs—C

~c

Vi

where: C = Units counted;

V, = Volume of sample concentrate, .in milliliters;
V, = Counted concentrate volume determined by multiplying,

the aliquot volume, i'n mil'filiters, by the proportion
. of the counting chamber which was'examined;

V; = Initial sample volume, in liters.

As part of the ABI quality assurance program, a minimum of two indi-

viduals verified both qualitative analyses and counts for each group of

monthly samples. Analysis of variance was used to determine significant

differences between counts. If discrepancies were greater than 10 per-

cent or if significant di fferences existed between operators at the

95-percent confidence level, counts were repeated. gualitative verifica-

tions of new species were performed on each sample as new species were

encountered. All samples were retained in the Applied Biology laboratory

as permanent references.

Samples for water chemistry were collected 'and physical measurements

and weather observati ons were made concurrentl y wi th phytopl a nkton

collections at each station. These data, which are presented in Section

G of thi s report, were examined as potential factors inf1 uenci ng phy-
\

toplankton populations.

D-5



I

'i



Pi ment Anal sis

Replicate water samples for pigment determinations were collected

monthly concur rently with phytoplankton sampl es. Sampl es were pumped

from specified surface and bottom depths at each station, stored in 25-l

polyethyl ene containers, and transported to the on-site laboratory as

quickly as possible to minimize chlorophyll degradation.

Sampl es were processed accordi ng to the method of Strickl and and

Parsons (1972) and the recommendations of UNESCO (1966). Sampl es were

filtered on the day of collection through Whatman GFC filters; these were

folded in half with the filtered particulates on the inside, immediately

frozen under darkened conditions, and shipped frozen in light-proof con-

tainers to the Atlanta laboratory for extraction and analysis.

Filters from replicate samples were extracted by grinding in a 90

percent aqueous sol ut ion of acetone. The vol ume of the extract was

measured and extinction values were read with a spectrophotometer at a

slit width of 1.0 nanometer (nm), using 1-cm cuvettes.

Chl orophyl 1 -a, -b, and -c concentrations were determined from

readings at 665, 645, and 630 nm, respectively. Carotenoid concentration

was determined from extinction at 480 nm. The amount of nonactive

chl orophyl 1 -a, in terms of the quantity of phaeopi gments present, was

estimated from extinction at 665 nm 1 minute after acidification with

50-percent HCl. All extinctions were corrected by subtracting the tur-

bidity reading at 750 nm. Excessive turbidity readings were reduced by
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additional centrifugation. Results were obtained from the equations of

Strickland and Parsons (1972), and chl orophyll and phaeopigment values

were expressed in mil 1 igrams per cubic meter. Carotenoid val ues were

expressed in millispecified pigment units per cubic meter (m-SPU/m ).

Statistical Procedures

For statistical analysis, phytoplankton density data were trans-

formed to 1ogn (density/liter + 1) to reduce the effect of non-

homogeneous variation and skewness in density data, and geometrical means

were calculated. The single discharge canal value was compared to the

average of surface and bottom intake canal val ues. The Statistical

Analysis System (SAS; Barr et al., 1976) was used in all analyses. The

General Linear Models (GLM) Procedure, which provides the regression

approach to analysis" of variance, was the method used to examine

interstation and annual variation in phytoplankton density, and various

pigments for 1979 and for monitoring data over all 4 years. Examples of

individual variables, class v'ariables, and models used are shown in Table

D-1. Duncan's multiple range tests were used to determine which means

were significantly different. The relationships between phytoplankton

parameters (density and pigments) and sel ected phys ical and chemical

vari abl es were examined through simpl e correl at ions util izi ng the

Correlation (CORR) Procedure and stepwise regression utilizing the maxi-

mum R technique. To eliminate seasonality from the data, variables were

either sine or cosine adjusted. The residual variation in each variable,

after seasonal variation had been removed, was,then used in regression

analyses. The 0.05 level of significance was employed in all statistical

comparisons, unless otherwise noted..
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December 1979 phytoplankton abundance, percentage composition, and

pigment data were included in this report; however, because of the length

of time between phytoplankton sample collection and completion of species

analysis, statistical treatments did not include this last month's data.

December data will be statistically analyzed in the 1980 Annual

Non-Radiological Environmental Monitoring Report.

RESULTS AND DISCUSSION

Ph to lankton Densit

Total.phytoplankton densities in 1979 ranged from 38,512 x 10 cells

per liter to 265 x 103 cells per liter at offshore Stations 0 through 5

and from 30,199 x 103 to 809 x 103 cells per liter at Stations 11 and 12,

(the intake and discharge canals, .respectively; Tables D-2 through D-13).

Densities in the intake and discharge canals and at Station 1 were

generally- higher than at offshore Stations 0 and 2 through 5 in 1979 and

in all previous monitoring studies (Figures D-3 through D-5). Densities

at Station 0 in 1979 and 1978 were also frequently higher than at

Stations 2 through 5. Lowest densities occurred most often at Station 3

as in all previous years. Contrary to the results of previous studies,

densities at offshore bottom stations were not consistently higher than

corresponding surface densities in 1979. Higher surface densities,

higher bottom densities, and nearly equal surface'nd bottom densities

occurred with similar frequency.

Annual mean phytoplankton densities both in the intake and discharge

canals and at offshore stations were generally similar in 1979 and 1976
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and were higher than in 1977 and 1978 (Figures D-3 through D-5). Annual

variation in mean densities was similar at all stations. A bimodal pat-

tern of seasonal variation in total phytoplankton density resulted from

spring maxima, summer reductions, and secondary autumn increases at the

offshore stations (Figure D-6) and in the intake and discharge canals in

"1976, 1978, and 1979, whereas a unimodal pattern was observed in 1977.

The variation in mean densities and seasonal 'abundance was typical of

natural variation observed in the St. Lucie area (Youngbluth et al.,

1976) and did not provide evidence of St. Lucie Plant impact.

Ph to lankton Communit Com osition

In 1979, diatoms were the most abundant phytoplankton group at all

stations. Diatoms are the dominant phytoplankters in East Coast neritic

waters (Smayda, 1957; Patten et al. 1963; Carpenter, 1971; Mulford and

Norcross, 1971; Marshall, 1976). Diatom relative abundance ranged from

7 to 95 percent, (Tables D-2 through D-13) and diatoms were dominant on

most sampling dates (Figures D-7 through 0-17 ).

The relative abundance of unidentified phytoflagellates ranged from

to 57 percent. This group sometimes achieves secondary importance

(Smayda, 1957; Youngbluth et al., 1976) and was occasionally dominant or

codominant with diatoms in 1979.

Phytoplankton composition was similar in 1977, 1978, and 1979 and, in

each of these years, representation of non-diatom groups'was greater than

in 1976. As in previous studies, variation in offshore phytoplankton
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composition during 1979 was seasonally influenced and did not reflect

plant impact.

Seasonal Occurrence of S ecies

The seasonal composition of dominant phytoplankton species in 1979

was similar to that in previous years (Table 0-14). Skeletonema costatum

and Nitzschia delicatissima continued to be the most abundant phytoplank-

ters. Seasonal variations 'n the abundance of dominant phytoplankton

species were either bimodal or unimodal. Many of these species were

present in low density or were not observed during the warmer months

(June through September), or during the cooler months (December through
h

February). The only consistent long-term seasonal patterns were the

exclusion of species from certain seasons; Asterionella ~a onica never

occurred as a dominant in. summer or autumn, and Nitzschia closterium,

h ~ T.ThhhhhTT,~T
~do tera w'ere excluded as major species from either or both, of the spring

and summer periods. Numbers of dominant species and variation in the

seasonal occurrence of dominant species has remained similar during all

operational monitoring. This similarity indicated that neither major

shi fts in speci es compos it ion nor al teration of natural, annual suc-

cession has resulted from St. Lucie Plant cooling water discharge.

Statistical Evaluation of Offshore Ph to lankton Data

As in previous years, both surface and bottom annual mean phy-

toplankton densities at Station 1 were higher than at all other offshore

stations (Figures 0-4 and D-5). Surface densities at Stations 0 and 1
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were significantly higher than those at other offshore stations (Table

D-15). At the bottom, densities at Station 1 were significantly higher

than at Stations 2, 3, and 4 and densities at Station 0 were signifi-

cantly higher than at Stations 3 and 4 (Tabl e D-16). In general,

increased densities of various taxa contributed proportionately to the

increased density at Station 1 and no qualitative shift in phytoplankton

composition was attributable to plant operation.

The persistence of significantly higher densities on the surface and

bottom at Station 1 in 1978 and 1979 and over 4 years of pooled data can-

not be adequately explained by natural variation alone (Tables D-17 and

D-18). Although the occasional occurrence of significantly higher den-

sities at Station 0 may indicate a natural influence of nearshore proxi-

mity on phytoplankton density, the consistently higher annual mean

densities observed at Station 1 indicate enhanced phytoplankton densities

in the immediate area of the offshore discharge.

The means of offshore surface and bottom plytoplankton densities in

1979 were not significantly different from those in 1976 (Tables 0-17 and

0-18). In the 1978 annual report (ABI, 1979), plant effects were con-

sidered to be a possible factor in the significant reduction of 1977 and

1978 annual phytopl a nkton densities at surface and bottom bel ow the

respective 1976 densities. However, the similarity of 1979 and 1976

annual means indicated that those di fferences were within a. range of

natural variation and that widespread pl ant impact has not occurred

offshore during the 4 years of monitoring.
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At offshore surface stations, total phytoplankton density for 1979

showed a significant negative correlation with temperature and a signifi-

cant positive correlation with dissolved oxygen (Table D-19). 't the

bottom, there were significant negative correlations'ith several

variables (Table D-20). Multiple regression of phytoplankton densities

with temperature and ammonia at the surface and with temperature,

. ammonia, and phosphate at the bottom, accounted for 22 and 34 percent,
I

respectively, .of the residual variation in phytoplankton density after

seasonal adjustment (Tabl e D-21). As in previous studi es, temperature

was'he most important single variable which influenced offshore pfp-

topi ankton density.

Entrainment and Tem erature Relationshi s

Total phytoplankton densities in the intake canal (Station 11)

ranged from 638 x 103 to 24,435 x 103 cells per liter and, in the

discharge canal (Station 12) from 500 x 10 to 18,683 x10 cells per

liter. Values of aT (change in measured water temperature between intake

and discharge canals) ranged from 0.8'C to 13.5'C (Table D-22).

Reductions in total phytoplankton density between the intake and

discharge canals occurred on all but three sampling dates in 1979. As in

previous studies, there was no consistent relationship between percentage

change in phytoplankton density and „aT. Pressure changes, acceleration,

shear, abrasion, and chl orination have been well documented as factors

other than temperature which can contribute to power plant impact from

entrainment (Marcy et al., 1978; Morgan and Carpenter, 1978). All or any
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combination of these factors may interact with temperature increment in

determining net entra i nment ef fects. Also, enviroanental di fferences

between the canals may result in differential phytoplankton growth during

periods of reduced circulation.

Since the beginning of sustained St. Lucie Plant operation in

December 1976, phytoplankton densities have been reduced between the

intake and the discharge canal on 86 percent of all sampling dates.

However, as observed in 1978, the much lower incidence of density reduc-

tions between the discharge canal, and Station 1 (37 percent), and the

persistence of higher densities at Station 1 than at other offshore sta-

tionsns

indicated no chronic dens i ty decreases offshore due to pl ant

operation..

Statistical Evaluation of Canal Ph to lankton Data

Phytoplankton density in the discharge canal (Station 12) was not

significantly lower than in the intake canal (Station ll) in 1979 (Table

D-23). However, over the 4 years of pooled monitoring data, densities in

the discharge canal were significantly lower (a=0. 1; Table D-24). Trends

of reduced density between the intake and discharge canals were observed

for certain major phytoplankton groups in 1979, but these differences

were generally not statistically significant. Correlation of

phytoplankton density in the canals with physicochemical parameters

showed a significant negative correlation with temperature and signifi-
cant positive correlations with dissolved oxygen -and ammonia (Table

D-25). The negative correlation of density with temperature may have
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reflected adverse plant impact due to thermal addition in the discharge

canal.

Seasonall Recurrent Densit Chan es and Plant Effect
E

As in previous studies, several major phytoplankton groups exhibited

seasonal trends of density increase or decrease between the intake and

discharge canals, and between the discharge canal and Station,1. These

trends were considered to reflect variable plant effect on phytoplankton

composition and abundance 'in response to seasonal factors such as

changing ambient water temperature and natural species succession. Over

the 4 years of operational monitoring, diatom densities were .generally

reduced between the intake (Station ll) and discharge (Station 12) canals

(Figure D-18). These reductions were most consistently observed during

spring (March, April, and Hay). Seasonal trends of reduced densities

'etween the intake and discharge canals were also apparent for prasi-

nophytes during the autumn, (September, October, and November); for

dinoflagellates during the winter (December, January, and February); for

unidentified phytoflagellates during the summer (June, July, and August)

and winter; and for cryptophytes in'll seasons, except spring (Figures

D-18 and D-19). No trends in cryptophyte density changes between the

discharge canal and Station 1 were apparent, while the most consistent

seasonal trends for diatoms and prasinophytes were increased densities

during the autumn. Prasinophyte densities al so increased between the

discharge canal and Station 1 in suomer.
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During some months, entrairment losses in major groups, including

unidenti fi ed phytof1 agel 1 ates, cryptophytes, di nofl agel 1 ates, and

prasinophytes, caused an increase in diatom relative-abundance; However,

this change in the discharge canal phytoplankton composition was not

refl ected at Station 1 where compos it ion was general ly within the

variability observed at other offshore surface stations.

Pi ment Anal sis and Primar Productivit

Because chlorophyll-a is the primary photosynthetic pigment found in

all. phytoplankton species, it is widely used as'an index of'hytoplankton

standin'g crop. In the St. Lucie area, chlorophyll-a provides a.very good

estimate of standing crop, because this pigment has generally exhibited a

significant positive correlation with phytoplankton density during all 4

years of operational monitoring.

Distribution of Offshore Chloro h ll-a

During 1979, chlorophyll-a at offshore surface stations ranged from

0.24 to 8.03 mg/m and bottom chlorophyll-a values ranged from 0.35 to
4

13.55 mg/m (Table D-26). Surface chlorophyll-a values continued to be

sl ightly 1 ower than bottom val ues as observed in al 1 prior monitoring

(ABI, 1977, 1978, 1979; Worth and Hol 1 i nger, 1977; Figure D-20).

Offshore chlorophyll-a levels in 1979 were within the range of annual

means observed during previous operational mo ni tori ng. As with phy-

. toplankton density, chlorophyll-a levels in 1979 were more similar to

1976 levels than to those observed in 1977 and 1978 (Tables D-27 and

D-28).
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The bimodal seasonal pattern in chlorophyll-a corresponded to that

observed for phytoplankton during 1979. Chl orophyl1-a level s in the

spring (March, April and May) decreased in the summer months and

increased again from August through November (Figure D-20). At both sur-

face and bottom stations during 1979, chlorophyll-a maxima occurred in

November at Stations 0 and 1 and during the spring at Stations 2 through

5. Higher chl o'rophyl1 -a level s in the late autumn months have been

observed during all previous monitoring.

Relationshi Between Offshore Chloro h 11-a Levels and
Ph sicochemical Parameters

Chlorophyll-a levels exhibited significant correlations with tem-

perature, salinity, .phosphate, and nitrite at offshore stations although

the correlation coefficients were not high (Tables D-19 and D-20). The

trend of decreasing chlorophyll-a with increasing water temperature was

strongest in the spring and autumn and probably reflected the seasonality

in chl orophyll-a distribution rather than plant effect. For the

variables examined, the best surface and bottom regression model s

accounted for 30 and 27 percent, respectively, of the residual variation

in chl orophyl 1-a after seasonal adjustment. No single independent

variable was important in both models of residual variation (Table D-29).

The rel ati onshi ps between chl orophyl 1 -a and phys icochemical parameters

observed at offshore stations were not indicative of adverse pl ant

impact.
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Interstation Com arisons of Offshore Chloro h ll-a Levels

Chl orophyl 1 -a at Station 1 remained cons i stentl y, al though not

significantly, higher than that observed at other offshore stations

(Tables D-30 and D-31).. Pooled data from all 4 years of operational

monitoring exhibited significantly higher chlorophyll-.a levels at Station

1 than at Stations 3 and 4 at the surface and significantly higher

'chlorophyll-a at Stations 0 and 1 than at Station 3 at the bottom (Tables

D-27 and D-28). Resul ts of the 1978 monitoring study suggested that

chlorophyll-a levels at Station 1 were becoming more similar to those

generally observed at other offshore stations and the inclusion of the

1979 data support this trend, although standing crop at Station 1 con-

tinues to be higher.

Seasonal and Interstation Distribution of Chloro h 11-a in
the Canals

In 1979, chlorophyll-a levels continued to be higher in the canals

than 'offshore and higher in the intake canal than in the discharge canal

(Figure D-21; Table D-26). Seasonal and annual trends in chlorophyll-a

levels in the canals continued to correspond to those observed at

offshore stations. Although not significant in 1979, comparison of

pooled data indicated significantly lower (a=0.1) chl orophyll-a in the

discharge canal (Tables D-32 and D-33). There was also a significant

negative correlation between chlorophyll-a and temperature in the canals.

Seasonally, this relationship was strongest during the summer months. As

observed for phytoplankton density, reduced standing crop in the

discharge canal indicated adverse impact due to plant entrairment. Even

with this reduction, however, chlorophyll-a levels in the discharge canal
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continued to be higher than the levels observed offshore, and water high

in chlorophyll-a continues to be discharged at Station 1.

Offshore Phaeo i ment Levels

Phaeopigment levels continued to be higher on the bottom than at the

surface for offshore stations (Figure D-22). Phaeopigments result from

the breakdown of chlorophyll, thus higher concentrations with increasing

'epthis an expected occurrence because dying or dead phytoplankters more

readily sink out of the water column. There were no significant

interstation differences in offshore phaeopigment levels in 1979 (Tables

D-34 and D-35). Over all years of operational monitoring, surface

phaeopigment, levels at Station 1 were significantly higher tha'n at

Stations 2 and 5 (Tables D-36 and D-37). Higher phaeopigment levels in

the immediate area of the offshore discharge may result from a'imited

plant operational effect and could be derived from several sources or a
C

combination of sources, that is, 1) discharge of water high in

phaeopigments; 2) normal breakdown of the .large phytoplankton standing

crop at Station 1; 3) thermal death of certain ptptopl ankton taxa

resulting in subsequent chlorophyll degradation; 'r 4) increased feeding

by herbivores because of the large standing crop in the area.

Annual offshore phaeopigment levels did not continue to decrease in

1979 as they had,from 1976 through 1978. Changes in observed

phaeopi gment level s conti nued to general 1 y correspond to cha nges in

chl orophyl 1-a concentration. After seasonal adjustment, the best

regression model accounted for only 8 percent of, the residual variation

0-18





in surface phaeopigment (Table 0-38). Seasonal adjustment did not signi-

ficantly improve the regression model 'or bottom phaeopigment and the

variables examined accounted for less than 24 percent of the total

variation at this depth.

Phaeo i ment Levels in the Canals

There were no significant differences in phaeopigment levels between

the canals (Tables 0-39 and D-40). Phaeopigment levels in the intake

canal continued to be higher than in the discharge canal during 1979 and

did not correspond to the finding of reduced phytoplankton density and

chlorophyll-a between the intake and discharge canals.

Gross Primar Productivit

Gross primary productivity was calculated from active chlorophyll-a

and light data, using the total curve of Ryther and Yentsch (1957) for

photosynthetic rate with an assimilation rate of 3.7 grams of carbon per

hour per gram (g C/hr/g) of chlorophyll. The bimodal seasonal pattern in

productivity during 1979 general 1 y corresponded to that observed for

chlorophyll-a (Figure 0-23). Productivity ranged from 0.09 to 1.91 grams

of carbon per square meter per day (g C/m2/day) with values lowest in the

summer (June, July, and August) and highest in March (April 6 sampling

date; Table D-41). There were no significant differences in productivity

between offshore stations (Table D-42).
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Com arisons Between Baseline and 0 erational Monitorin Data

Baseline collections were bi-monthly during the first 12-month

period (September 1971 through August 1972) and monthly during the second

"period" (September 1972 through August 1973). The complete year of

monthly basel inc chl orophyl 1 -a data, (Walker and Steidinger, 1979)

designated 1973 in statistical tables, was pooled with the monthly opera-

tional data for statistical comparison.

The annual variabil ity in chl orophyl1-a at offshore stations was

generally comparable between baseline and operational monitoring (Figure

D-20). The trend of higher surface chlorophyll-a at Station 1 during

operational monitoring was al so observed in basel inc . data and mean

chlorophyll-a was significantly higher at Station 1 than at Stations 2

through 5 (Table D-43). For bottom stations, the inclusion of baseli ne

data with operational data resulted in significant differences similar to

those obtained for operational data alone (Table D-44). The comparison

of baseline and operational data indicated that long-term or widespread

impact on offshore standing crop has not resulted from plant operation.

SUMt1ARY

Seasonal variation of total phytoplankton densities and chloro-

phyll-a was bimodal in 1979, as in 1976 and 1978. The similarity 'of the

1976 and 1979 annual mean densities and chlorophyll-a both offshore and

in the canals indicated that no long-term change in phytoplankton abun-

dance has resulted from St. Lucie Plant operation. As in previous

studies, phytoplankton densities and chlorophyll-a levels were higher in
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the intake and discharge canals and offshore at Stations 0 and 1 (Figure

D-1). The significantly higher phytoplankton standing'rop at Station 1

as compared to other offshore stations was attributable partly to plant

effect. However, natural causes were also a factor as reflected in ele-

vated phytoplankton densities at Station 0, the control s'tation.

Phytoplankton .,composition in 1979 was generally similar to that

observed in 1977 and 1978 with diatoms being the dominant taxonomic

group. Non-diatom species were relatively more abundant in each of
these'hree

years than in 1976. The diatoms Skeletonema'ostatum and 'Hitzschia

delicatissima were the most abundant species, as in previous studies.

The composition and seasonal distribution of major phytoplankton species

did not show changes between years which could be attributed to plant.

impact. Although higher densities of some taxonomic groups occurred at

'Station 1, phytoplankton composition at this station remained within the

range of natural variation observed between other offshore stations.

The reduction in phytoplankton density between the intake and

discharge canals during 1979 was a direct result'f entrairment. Factors

other than just temperature increases apparently caused this reduction

because there was no consistent relationship between percentage change in

phytopl a nkton dens ity and aT. Chl orophyl 1 -a reduct ions were al so

observed between the intake and discharge canals; however, levels in the

discharge canal continued to be higher than those offshore and water high

in chlorophyll-a continues to be discharged at Station 1.
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Seasonal reductions of unidentified phytoflagellates, cryptophytes,

and prasinophytes betwe'en the intake and discharge canals contributed to

greater diatom dominance in the discharge canal. No shift in composition

was observed at Station 1 as compared to the other offshore stations,

although apparent plant-related elevation of diatom and prasinophyte den-

sities between the discharge canal and Station 1 contributed to over-all

density increases at this station.

Currently available data suggest that the increased phytoplankton

density and chlorophyll-a concentration at Station 1 are attributable to

power plant operation. However, plant effects on standing crop continue

to be limited to the discharge canal and -to Station 1. There were no

significant interstation differences in primary productivity offshore and

comparison of baseline and operational data indicated that long-term or

widespread impact on offshore standing crop has not resulted from St.

Lucie Plant operation.
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Figure D-7. Phytoplankton percentage composition, St. Lucie Plant, 17 January 1979.
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Figure 0-8. Phytoplankton percentage composition, St. Lucie Plant, 13 February 1979.
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Figure 0-'9. Phytoplankton percentage compos ition, St. Lucie Plant, 6 April 1979.
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was included in the OVERS category.
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Figure D-10. Phytoplankton percentage composition, St. Lucie Plant, 27 April 1979.
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was included in the OTIIERS category.
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Figure D-11. Phytoplankton percentage composition, St. Lucie Plant, 15 May 1979.
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Figure D-12. Phytoplankton,percentage composition, St. Lucie Plant, 12 June 1979.
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Any group representing <5X of the total density
was included in the OTliERS category.
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Fi gur e D-13. Phytopl ankton percentage composi tion, St. Lucie Plant, 26 July 1979.
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Figure 0-14. Phytoplankton percentage composition, St. Lucie Plant, 21 August 1979.
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Fi gure 0-15. Phytopl ankton percentage composition, St. Lucie Plant, 7 September 1979.
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Figure D-16. Phytoplankton percentage composition, St. Lucie Plant, 2 October 1979.
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Figure D-17. Phytoplankton percentage composition, St. Lucie Plant, 30 October 1979.
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Figure D-20. Active chlorophyll-a at, Stations 0 through 5,
St. Lucie Plant, November 1971 - December 1979.
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Figure D-21. Active chlorophyll-a and phaeopigment concentrations in
the intake (Station 11) and discharge (Station 12) canals,
St. Lucie Plant, March 1976 — December 1979.
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Figure D-22. Phaeopigment concentration at Stations 0 through 5, St. Lucie Plant, March 1976-
December 1979.
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Figure 0-23. Gross primary productivity of phytoplankton, St. Lucie Plant, March 1976 - November 1979.
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TABLE D-1

EXAMPLES OF THE INDIVIDUAL VARIABLES, CLASS VARIABLES AND MODELS

USED WITH THE GENERAL LINEAR MODELS PROCEDURE

ST. LUCIE PLANT
1979

INDIVIDUALVARIABLES

(Yl)
Densit

Yil
Yil
Yil
Yil

(x, 2)
Station

(x3 4).
Year

(xo)

Interce t

CLASS VARIABLES

Station
1'

Year

il i2
1 0
1 0
0 1

0
'

Xi3

'1
0
1

0

Xi4

For station and year effects:

MODELS

Y. =
BOXO + 81X.l + B2X.2 + B3X.3 + B X.4 + E.

For station effects:

Y. =
BOXO + BlXll + B2X12 + Zl

where: B is the respective slope
Z; is the error term

D-49



I



TABLE 0-2

Pt
PHYTOPLANKTON DENSITY AND PERCENTAGE COttPOSITIOtt

ST LUCIE PLANT
17 JANUARY 1979

11 ~ Otttt ~ 111 ~ ~ I ~ I ~ I ~ ~ 11 ~ I ~ OPO ~ I ~ ~ I~ P ~ I ~

TAXON SI~ III ~ IIIII II~ ~ III~ ~ ~ ~ I t ~ II ~ IIII ~ I ~ ~ III

~ ~ I ~ 1tll~ ItttI ~ 11 ~ P11 11 ~ tttt ~ tl ~ ~ tttt~ ~ lt~ I 1 1 1tltlfPtttt ~ ~ ~ I~ I~ I~ Ott ~ I ~ ~ 111 ~ Ot 111 ~ Pttt III 1 ~ 11 tttttltlltt
~ I ~

STATION AND DEPTHI ~ tttlltftttltttt~ ~ I~ I~ 11 ~ I~ Ot ~ 111 ~ ttfttlttflt~ 111 ~ ~ Plftt~ I ~ 11 ~ PPPPO*tt ~ Ittttttltt~ OfPtttt ~ 1111 ~ 11111111
I 12 0 I 3 4

8 AVG. S S B S 8 S 8 S 8 S tt
~ t ~ I I*~ fIt It f ~ II~ ~ I1 ~ I ~ ~ ~ III~ II**I~ ~ ~ IIfft ~ ~ III~ t IP tIt II t I ~ ~ I ~ ~ It IIt II~ ~ It P ~ II ~ I ~ II ~ IIII ~ III~ I~ I~ I~ ~ II**

~ 11 ~ \*~ tt ~ 1111111 ~

~ ~ 111 ~ 1111 ~ I~ ~ I~ 11

S
11 ~ I ~ Ptlt ~ ~ 1111 ~ 11

BACILLARIOPtlYTA

PYRRHOPHYTA (DINOFLAQELLATES)

CHLOROPHYTA (GREEN ALGAE)

C3 CYANOPHYTA (BLUEWREEN ALGAE)
I

EUGLENOPBYTA (EUGLENOIDS)

856390 1536356
(40) (68)

71179 11863
( 3) ( I)

37814 35590
( 2) ( 2)

6673 8304
(<I) (<1)

,1034846 1218575 1126711 1091292 1160234 2558220 1754299 2841280 660581 1342186 420166 605058
(62) (51) (56) (70) (49) (77) (58) (77) (32) (56) (27) (64)

62202 20761
( 4) ( 2)

26890 19278
( 2) ( 2)

37631
( 2)

17795 17203
(<I) ( I)

41521 141062
( 1) ( 7)

29658
( I)

61689
( 3)

73256
( 2)

341029 44799 192914 9408
(20) ( 2) (11) —

( I)
26099

( I)
63838 70558

( 3) ( 5)
80637

( 3)
66731 46267

( 2) ( 2)
47038

( 3)
81533

( 3)

1,0584
( 1)

. a 5292
( ) (I) 2373 3856 17795 12386 5272

( ) (<1) ( ) (<I) (<I) ( 1) (<I)
11863 15422 3441

( ) (<I) ( ) ( I) ( ) (<1) ( )

4449
( ) . (<I)
5042 6673
(<I) ( ) (<I) ( )( ) ( )

CKYPTOPHYI'A (CRYPTOPHYTFS)

CHRYSOPttYCEAE (YELLOW-BROWN
ALGAE AND SILICOFLAGELLATES)

141115 179194 160155
( 8) ( 8) ( 8)

5880 t 2940
(<I) ( ) (<I)

70558 272855 14829 161933
( 5) (11) (<I) ( 5)

11863 . 7711
( ) (<I) ( ) (<I)

94906 275242 200697
( 3) (13) ( 8)

5932 3441
(<I) (<I) ( )

277303 48936 238006 59316
(18) - ( 5) 'll) ( 3)

11764
( I)

89073
( 6)

4449 11122
(<1) ( I)
1483 62282
(<1)

5932
(<1)

PRASIHOPtlYCEAE (PRASINOPHYTES) 8960 4480 9408 42708 7415 26989 72251 31359
( ) (<I) (<I) ( I) ( 2) (<I) ( I) ( ) ( 3) ( I)

66063
( 3)

24023
( I)
2002

(<I)

800((
(<I)

206198
(10)

8008
(<I)

78075
( 4)

14846
( I)
17795
( I)

( )

44487
( 3)

5932
(<I)

856823 839324
(42) (65)

UNIDENTIFIED PHYTOFLAGELLATES 573421 286711 221081 766365 355897 794244 344034 846370 583277
( ) (24) (24) (14) (32) (11) (26) ( 9) (41) (24)

Oi'HERS 99957 268791 184374 89373 28472 281752 154222 344034
( 6) (11) ( 9) ( 6) ( I) ( 9) ( 5) . ( 9)

TOTA(. PHYTOPLANKTON 1680449 2027413 2384520 3038198 2076702
2374378 1561677 3314501 - 3707296 241466

~ 1111 ~ tt ~ ~ ~ ~ ~ Ptt ~ I~ ~ I ~ I ~ ~ I~ ~ I ~ ~ ~ ~ t ~ I 111 ~ ~ ~ ~ ~ ~ litt~ ItlttfttllltfI~ 1111 ~ tltlt~ I ~ 1111 ~ Pt ttlllltltt*lttt*ttttftttl
VA( UES ARE EXPRESSED AS CE(.LS PER LITER AND REPRESENT THE HEAR OF THREE REPLICATES ~

~ I
PERCENTAGE VALUES ARE GIVEN IH PARENTHESES

111
SOSURFACE; BIBOTTOH; AVG ITHE AVERAGE OF STATION 11 S AND 8 VALUES

( ) ~ NOT OBSERVED.

732703 246162
(36) (19)

58056 130496
( 3) (10)

845259 450803
(39) (20)

631915 154222
(40) (16)

47058 80077
( 3) ( 9)

31141 136427
I) ( 6)

1571414 2166540 2039959
3 938712 2244592 1299041IIIIIIII ~ ~ It t III11 ~ ~ IIIIIII~ ~ I t ~ IIIt t II~ I~ ~ ~ IIt IIII



I

I

I

I
I



TABLE D-3

PHYTOPLAMKTOM DENSITY AND PERCENTAGE COMPOSITION
ST. r.ucIE pr.AMT

13 FEBRUARY 1979

I ~

~ ~ I ~ t ~ ttl~ ~ ~ ttf~ ~ IIIIIIt ~ I~ ~ I ~ *~ ~ ~ 111111 ~ 11 ~ *iftttt ~ ~ ~ ~ lttttl~ Itl~ ~ fI ~ ~ ~ I ~ ~ ~ ~ ~ 11 ~ ~ 11 ~ ittt~ ~ ~ tttl1IIIt ~ ~ tlttt11111111 tf111 ~ Ittlll***I~ ~ 1*IIIIII1*1 ~ IfI ~ IIffI~ II1*f
111

I ~ I~ ~ II~ 1*11 ~ 1111 ~ I ttt ~ I~

11
TAXOM S B AVG.

~ ~ ~ *~ ~ lit~ 1*tlltttttfI~ ~ ~ ~ 11 ~ ftfIfIlt*til~ Itlttt*ftt ~ ~ 1

12
SlfIlt*

STATIOM Art0 DEPTHft*tf1~ I tilt ~ ~ 1*f11 ~ III~ 11 ~ ~ it~ f11 ttfI ~ ~ ~ I ~ tt ~ ~ tl*ltl~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ Ilttiff~ 11 ~ ~ it ~ ~ I ~ I I ~ III~ ~ IIIIIIIIII
0 1 2 3 4 5

S 8 S 8 S 8 S 8 S 8 S 8
1 II*~ ~ **III~ I III *I*~ ~ ItI *I ~ ~ ~ IIIII*IIII~ II t I ~ I ~ I ~ II ~ It ~ I ~ I ~ t II 'I I1 II1 *III**II t I ~ II *1II** 'I *~ *I I~ ~ I ~ I*I

rrACILLARIOPHYTA 1312918 993452 1153185 1097564 722175 125459 265D714 2159851 904770 1183670
(58) (57) {57) (84) (601 (57) (76) (78) (61) (78)

PfRRHQPHYTA {DINOFLAGELLATES) 20906 3763 12335 28223 14829 4806 59316 26592 38570 16715
{1) (<I) (I) (2) (1) (2) (2),(1) (3) (I)

1587322 1596199 717958
(78) (72) (56)

24913 28938 - 45313
( I) (11 ( 4)

14651 30844
( 2) ( 2)

25633
( 2)

713277 772297 905462
(73) (54) (65)

Cr<LorlOPdfTA (CREEN ALGAE) 58537 41394 49965 40767 5932
( 3) < 2) ( 2} ( 3) (<1)

CYANOPHYTA (HLUEWREEM ALGAE) -a 6272
( ) ( ) ( ) (<I) ( )

1602
( I)

51902 22244
.( I) (I)

{ ) ( )

12852
( I)

17993
( 1)

8897 11567
(<1) { I)

12355
( 1)

1780
(<I ) ( ) ( )

5169 26099 32031
( 1) ( 2) ( 2)

771
(<I) ( ) ( )

EU LENopr{YTA <EUGLENOIDS}
Cl
I

CKYPTOPrlYTA (CRYPTOPHYTES)

4181 2091 ~ 7415 5141 1285
{<1) { j {<I) ( ) { 1 t ) (<1) ( } (<1) {<1)

221603 127945 174774 15579 75528 15659 122340 151255 74541 34700
(10) (7) (9) (1) (6) (7) (4) (5) = (5) (2)

) ( ) { )

39149 75183 63146
( 2) t 3) < 5)

42411 121005
( 4) ( 8)

95025
{ 7)

2373 1068
( ) (<1) (<1)

XAMprroPrrYZA (XANTHOPrlYTES)

CHRYSOPHYCEAE (YELLS-BROfN
ALCAE AMD SILICOFLAGELI.ATES)

PrlASIMOPHYCEAE (PRASIMOPHYTES)

3136
( ) ( ) ( ) .(<1) ( ) ( ') ( )

4181 112&9 7735
(<1) ( 1) {<1)

7415 712 11122
( ) ( I) {<1) (<1)

41812
( 2)

30105
( 2)

35958
t 2)

23726
( ) (21

2491 14829
( I) (<1)

( 1 ( ) < )

4449 6426 3856
(<I) (<I) (<1)

17795 16707 3856
( 1) ( I) (<1)

UMIDEHTIFIED PHYTOFLACELt.ATES 539374 496726 . 518050 116028 309927 63884 526431 355897 377844 233904
(24) (28) (26) ( 9) (26) (29) (15) (13) (25) (15}

( ) ( )

5339 3856 4118
{<1) (<1) '<I )

3559 9539 24709
(<I) (<1) ( 2)

350559 478089, 395351
(17) " (22) (31)

( ) ( )

2313 9491 4271
(<1) ( 1) «1)
6940 36776 8542
( 1) ( 3) ( I)

169644 . 402164 284006
(17} (28) (21)

OTrrERS 62718 45157 53937 . 38556 4093 33365
( 3) ( 3) ( 3) < ) ( 3) ( 2) ( I)

44487 47552 30844
( 2) { 3) { 2)

24913 19278
{ I) ( I)

15100
I)

16193 34403
( 2) ( 2)

27760
( 2)

2265231 2008031 1198187 3477433
1749831 1307669 - 218705I ~ I ~ ~ ~ ~ *II ~ ~ ~ ~ I ~ ~ ~ I~ I IIII~ III~ 1*II~ III11 ~ IIIIIIIII~ I~ II~ ~ ~ ~ IIIIIIII~ ~ I~ I~ I~ ~ III I~ I ~ II~ ~

VALUFS ARE EXPRESSED AS CELLS PER LITER AMD REPRESENT THEr r{EAM OP THREE REPLICATES.I ~

PirlCENTACE VAI.UES ARE GIVr'.N IH PAREN'I'HESES
111

SISURFACEI UIBOTTOH< AVQ.ITrlE AViRACE OF STATION 11 S AND 8 VALUES.

( ) ~ rroz 0BsERYED.

TOPAL PHYTOPLANKTOM 1484403 2046429 1278051 1435452
2782671 .1526821 2222748 972370 1383796I~ ~ II~ IIII ~ t It I\ ~ 1 I ~ ~ II~ IIIIIIIIII~ It II 11 ~ IIIIIIIIIIIt I IIIII~ IIIIIII~ IIIt I



I



TABLE 0-4

PHYTOPLANKTOM DENSITY AND PERCENTAGE CO%POSITION
ST LUC IE PLANT
6 APRIL 1979

~ ~ ~ at ~ ~ ~ 1 ~ ~ fat ~ 1 ~ *11 ~ a ~ ~ tata ~ alta I ~ ~ ~ ttaaf alla*aaatf ~ t ~ a*la atl ~ lai ~ ~ 1 ~ 1 ~ taalaf t ~ ~ ~ ~ ~ talaal**at tat ~ ~ ~ 1 ~ ~ ~ tataa ~ ~ iftaltlfaatlitataaai ~ ~ It ttttaaa ~ ftia 1 ~ flltt~ 1 1 ~ 1 ff
*1~

STATION AND DEPTH
~ ~ a ~ ~ ~ ~ 1 ~ ~ ~ ~ 1 aa ~ 1 1*a ~ 1 1~ ~ 1 ~ 1 ~ ~ ~ ~ ~ 11 ~ lfla ~ 1 attila 11 ~ at* ~ 11111 ~ I~ ~ ~ ~ fltlltlta~ fllfltla ~ 1 ~ 1111 ~ 1 llaf1 tllttalt tl*111 I~ 11 ~ 111 alt fatal fail tlat 1 1 11 1 1 1 1 1 1 1 ~ 11 f

0 I 2 3 "4 5

TAXON S S 8 S 8 S 8 S B S d S

I~ 1 ~ 11 ~ ~ 111 ~ ~ ~ t*f~ ~ 11 ~ 11111 ~ if~ ~ all ~ ~ 1 ~ 1**alt~ 1 11 ~ 1 ~ ~ ~ 1*11fat ~ at litt~ ~ 1*tlttlttt~ 1 ~ ~ t*~ 1 ~ tata ltfaft ~ 111 ~ tlt~ ~ ~ 111111 ~ tttlltlttl~ tltttlll~ 11 ~ ltltttttlttlttttttl~ ~ 11111111111 ~ Iffy

BACILLARIOPHYFA )7535937 28477083 23006510 16245202 2004591 2026478 3459588 3493131 5208200 3147063 2470659 2106912 2558892 3074442 3121936 2912662
(94) (94) (94) (87) (63) (6C) (78) (81) '81) (82) (80) (78) (75) (80) (82) (81)

PYHRHOPdYFA (DINOFLAGELLATES) 75262 56446 55854 248363 82746 106769 117980 69400 96107 42716 74749 46775
(<1) (<1) (<1) ( 1) ( 3) ( 3) ( 3) ( 2) ( 1) ( 1) ( 2) ( 2)

41394 41402 51269 42708
(1) (1) ( I) ( I)

CHLOHOPHYFA (GREEN ALGAE) 45157
(<I)

84669 64913 112892 58723 36301
(<I) (<1) ( I) ( 2) ( 1)

34700
( 1)

23133
( 1)

43241 24023 21354
( 1) ( I) ( 1)

38640
( I)

135471 94077
( 4) ( 2)

38437 34166
( I) ( 1)

~ CYANOPHYTA (BLVB~REBN ALGAE)
I

CJl

EUGLENOPHYTA (EUGLENO(05)

7526
(<1)

7526
(<1)

3763
( ) (<I)

3763
( ) (<1)

( ) ( ) ( )

22578
(<1) ( )

3470
(<I )

2669
( ) (<1) ( )

( ) ( ) ( )
3763
(<I)

2135 2135
( ) (<1) (<I )

( ) ( ) ( ) ( )

CRYPTOPHYTA (CRYPTOPHYTES) 278C68 338677 308572 711221 330984 3608SO 249840 205308 326714 168161 138292

( 1) ( 1) ( 1) ( 4) (10) (ll) ( 6) ( 5) ( 5) -( 4) ( ) ( 5)
233311 233311

( I) (6)
136665 138800

( 4) ( 4)

CHRYSOPllYCEAE (YELLOW-BROWN
ALGAE AND SILICOFLAGELLATES)

15052 28223
(<1) (<1)

21638 2669 6406
(<1) ( ) (<I) (<1) ( )

8008 2135
( ) ( ) (<1) (<1) '

) ( ) ( ) ( ) ( )

PdASINOPHYCEAE (PRASIHOPHYTES) 120418 84669 102544 349966
( I) (<1) (<I) ( 2)

64061 79009 58990
(2) (3) (1)

37592 14414
( I) (<1)

21354 44843
( 1) ( 1)

UNIDENTIFIED PHYTOFLAGELLATES 587040 1128923 857982 993452 624600 535981 520500 465558 763933 437754 461243

( 3) ( 4) ( 3) ( 5) (20) '17) (12) (11) (12) (11) (15)

55944
( 2)

323358
(12)

63972 41394
( 2) ( I)

376308 349966
(11) ( 9)

36301 36301
( I) ( I)

399317 450566
(11) (12)

OTdeRS 2669 3470 2892 . . 2669

( ) ( ) ( ) ( ) (<1) ( ) (<1) (<I) ( ) (<I) ( )
2034
(<1)

3763 2135
(<1) ( ) (<1) ( )

TOTAL PHYTOPLANKTOH 18672387 24435539 3171044 4448537 6452609 3074983
30198691 18683676 3151825 4297014- 3854417 2712954

1 ~ 1 ~ I1 II1 1 I~ ~ 1 I~ ~ 1 1 1 1 I ~ ~ ~ I 1 I~ III1 1 1 ~ ~ 1 I 1 1 I1 I1 1 ~ 1 I1 I 1 ~ ~ 1 1 I1 **I~ ~ 1 I1 1 IIII~ \ ~ ~ 1 t 1 ~ I ~ ~ I1 I1 I\ 1 I1 1 1 1 ~ I1 1 1 ~ ~ ~ 1 1 ~ ~ ~ 1 t 1 1 1 1 ~ I~ I1 1 1 ~ 1 ~ 1 1 1 1 t 11

VALVES ARE EXPRESSED AS CELLS PER LITER AND REPRESENT THE BEAN OF THREE REPl ICATES
~ I

PEHCENTAGE VALUES ARE GIVEN IH PARENTHESES
~ ~ a

SISURFACE; BadOTTOH; AVG >THE AVERAGE OF STATION 11 S AND 8 VALUES

( ) = NOT 085ERYEO.

3416874 3788196
3834592 3617338

111 ~ 11 ~ 11111 ~ ~ 1111111111111*1111 ~



I

I



TABLE D 5

PHYTOPLANKTON DENSITY AND PERCENTAGE COt(POSITION
ST LUCIE PLANT

27 APRIL 1979

~ I

I1tlIll~ ~ ~ It f1 ~ It ~ I ~ ~ I11 1 I ~ 11 ttl~ I ~ t ~ 11 II~ 1 111 ~ ItI~ ~ I~ Itf~ ~ ~ I11111 11 I ~ ~ ~ ~ IIfIt tt 111 I It f f1 III~ IfIIII ~ I~ IIII~ 11 ~ IIII~ 11 I~ I ~ ~ I~ It111 ~ 1111 ~~ ~ 11 ~ I111 11 IISIIIII~ II~ IIIII*11
111

S'rATION AND DEPTH
~ II~ III~ I I ~ IIII~ II ~ IIII~ IIII IIIII*IIII IIt I I ~ I ~ III*IIIII 1 t IIIII'II~ IIIIIIIIII~ ~ II I ~ II ~ II*I~ I ~ IIIIIIIII~ ~ *I ~ I ~ II ~ II ~ ~ ~ I~ ~ 11111 ~ I~ I~ ~ tt ~ ~ Ill 12 0 I 2

TAXOH S 8 AVC. S S 8 S 8 S 8 . S
~ I~ I~ 11 ~ I~ ~ ~ 1111 1 11 ~ I~ 11 ~ ~ II~ I~ I~ I~ ~ ~ III~ ~ ~ ~ ~ ~ 1111 ~ ~ ~ ~ *~ 11 11 1 ~ ~ I~ ~ 111 I t ~ I ~ I~ ~ I ~ Ill~ I 111 ~ IIII11 IIII11 11 ~ II~ 111111111 11 1 ~

B S tt S 81*1 ~ f11111 ~ I ~ I ~ I~ ltf1111111 ~ I ~ 11 ~ ~ 11 ~ 111111

BACILLARIOPt(YTA 12182351 7700868 9941614 6278962 1247024 2535768 761547 1421689 639903 628522 814706 1179724"
(86) (87) (86) (81 ) (79) (81 ) (71 ) (73) (75) (78) (76) (76)

690915 590077 2087782 1676466
(80) (79) (79) (85)

PYHRHOPHYTA" (DINOFLAGELLATES)

CttLOROPttYTA ( KEEN ALGAE)

170897
( 1)

32031
(<1 )

26879
(<1)

94077
( 1)

98888
( 1)

63054
( 1)

53758
t 1)

75261
( 1)

48441
( 3)

20761
1)

12455 11853
( 1) (<1)

20820
t 2)

12011
( 1)

33635
( 2)

7909
((1)

14244
( 2)

21362
( 3)

7118 9253
1) ' 1)

22584
( 2)

22578
( 2)

31986
( 2)

3763
(<1 )

26578
( 3)

2491
(<1)

28476
( 4)

7830
t 1)

59168
( 2)

8453
(<1)

21374
l 1)

7118
(<1)

CYANOPttY'rA (ISLUEWREEN ALCAE)
CD
I
Vl
Ca) EUCLEHOPHYTA (EUGLEHOIDS)

CitYPTOPHYTA (CRYPTOPHYTES)

a

1 0677
(<1 )

5338
(<1)

437754 147835 292794
( 3) ( 2) t 2)

10752
(<1)

268791
( 3)

26297
( 2)

17795
t I)

48847
( 5)

83043
l 4)

35590
( 4)

712
t ) (<1)

925
(<1)

1882
(<1 )

15659 '8920
( 2) t 5)

75262 12456
( 5) ( 1)

712
(<1)

8542
( I)

1780
(<1)

98613
( 4)

44487
21

( ) ( )

CHRYSOPHYCEAE (YELLOtt-BROHN
ALCAE AHD SILICOFLAGELLATES)

PHASIHOPHYCEAE (PRASINOPH YTES)

2768 1602 ' 1424
) ( ) ( ) ( ) (<I) ( ) (<1) ( ) (<1) ( ) t )

138800 53758 96279 86013 4152 3203 1977 4271 3559 3763
( 1) ( 1) ( 1) ( 1) (<11 ( ) (<1) ((1) ( 1) (<1) (<1)

7526
(<1 )

830 2135
(<I) t<1)

16905
( I)

1780
(<I)

) ( )

UHIDEttTIFIED PHYTOFLAGELLATES 1174461 833253 1003857 946145 220063 536812 221813 '91487 140935 118158 155168
8) ( 9) ( 9) (12) (14) (17) (21) (20) (17) (15) (15)

235192
(15)

124564 108905
(14) '15) 346555 1 90405

(1.3) (10)

OTHERS 13440 6720 10752 8304 23727 3203 13840 3559 13524 . 3763
(<1) t<1) (<1) ( 1) ( 1) ((I) ( 1) (<1) ( 2) (<1)

1&&15 5813
( 1)' 1)

4271 36628 37369
( 1) ( 1) t 2)

Tera L PHYTOPLANKroN 14146980 11508545 1 569506 1073046 847755 1074364
S 8870109 '730434 3146725 1953580 810963

~ I ~ II~ III ~ ~ 1 I*I**I ~ ~ ~ IIIIIIIIII**I*II ~ I~ II~ I~ IIII*I~ *~ IIIIII ~ IIIII~ *III~ IIII~ ~ IIIII~ IIII~ I~ IIIIIIIIII ~ IIIIII~ ~ ~ IIIIIII*
I

VALUES ARE EXPRESSED AS CEf.LS PER LITER AND REPRESENT THE t(EAN OF THREE REPLICATES

PEHCEtlTAGr.'ALUES ARE GIVEH IN PARENTHESES

S SUttFACE; 8 BOI rett I AVG THE AVERAGE OF STATIOH 1 1 S AND 8 VAIUES

( ) ~ HOT OBSERVED.

863649 2654104
1 552269 750947 1980778

~ 11111111 ~ 11 11 ~ 1111111111'lit f1 1 111 f11 fIIfI



I
I
~

~



TABLE D-6

PHYTOPLANKTON DENSITY AND PERCENTAGE COHPOSITION
ST LUCIE PLANT

15 HAY 1979

00 ~ 0 ~ ~ ~ ~ ~ 0001 ~ 04 ~ 114000 ~ 00 ~ ~ 101 0101 ~ ~ I ~ 010 ~ ~ 0111 ~ ~ I01400 ~ ~ 14111400 ~ 00 ~ 110001 ~ 0001000110* ~ ~ I~ ~ 011110 ~ I~ I~ ~ 1011004 01*10000010 0010 ~ *I~ ~ I~ 10 ~ 011 ~ 10010010 ~ 010*0 ~ I ~ 04 ~

STATION AND DEPTHt 0*1*~ I~ 0104 ~ 00011 ~ ~ ~ ~ ~ ~ II~ ~ Ijt000 ~ IjjjljtI ~ 10 010 ~ jjtII~ 0 ~ I~ ~ I~ ~ ~ I~ ~ 010000*lt 001 I01 ~ ~ t 01* ~ jt~ I~ I~ 000 ~ 0 ~ 0 00000100100 I~ I ~ I00 ~ ~ *IIII04
11 12 0 I 2 3 4 5

TAXON S 8 AVG S S 8 S 8 S 8 S 8 S H S 8I~ I~ ~ ~ 0 10 ~ 40 0 ~ Iit ~ ~ ~ 1*11 I~ ~ ~ t 4 0**10*0**100 ~ *10 10 ~ 0 00 0 ~ 0011*1*It***011 ~ ***I*0*t00 ~ 01 II~ ~ 14 I I~ 0 0 It t 11 10 ~ ~ I ~ 11 ~ III~ ~ I~ Itjj00 101 00 100 0 ~ 01 ~ 000001t t ~ *I~ I 1 011 0 ~ I00 0 I 0 I ~

HACILLARIOPrlYTA ')220365 ]'I')26)63 ))6649)I 7958907 3627)35 23398462 )29540)5 17962419 2436472 7535234 2617090 9545163 5361414 36515087 2067763 21078013
(91) (92) (92) (83) (93) (93) (90) (92) '84) (93) (93) (94) (94) (95) (85) (93)

PYKRHOPHYTA (DINOPLAGELLA'l'ES) 124182 100349 112265 131708 36311 133461 117408 25087 34166 58065 41106 88110
1) ( I) ( I) ( I) ( I) ( I) ( I) (<I) ( I) ( I) ( I) ( 1)

73422 256246
( I). (1)

48046 97872
( 2) (<I)

CrlLOROPHYTA (GREErl AlGAE) ~ a
)

112892 9075 21354 26091 21354 16015 5872 16015
( ) ( ) ( I) (<I) (<I) (<I) ( ) ( I) (<I) (<I) (<I)

14681
(<I)

53385 19574 26692
(<I) ( I) (<I)

C7 CYANOPrlYZA (BLUE~REEN ALGAE)
( )

EUGLENOPHYTA (IUGLEHOIDS) 11289
(<I)

13798 6899
(<I) (<I) ( ) ( )

5645
( ) (<I) ( ) ( )

CRYPTOPHYTA (CRYPTOPHYTES) 146760 112892 129826 150523 33276
( I) ( I) . ( I) ( 2) ( I)

( )

42708
(<I)

78272
( I)

62718
(<I)

( ) ( ) ( ) ( )

8008
( ) (<I) ( ) ( )

2135 8008 11745
(<I) (<I) (<I) ( )

CrlRYSOPHYCEAE (YELL(YA-BRONN
ALGAE AND SILICOPLAGELLATc,S)

25087
( ) (<I)

12544 26091 2135 12012 . 8008
(<I) ( ) ( ) . ( ) (<I) ( ) (<1) (<I) ( ) (<I)

24023
(<I)

416400
( 4)

PRASINOPHYCEAE (PRASINOPHYTES) 101603 62718 82161 235192 3025 5338 50174 2135 4004 1957
( 1) ( I) ( I) ( 2) (<I) (<I) ( ) (<I) (<I) (<I) (<I)

UNIDENTIPIED Pr(YTO?LAGELLATES 835403 614636 725019 959585 184533 1692291 1213216 1417426 399317 448430 148765
(6) (5) (6) (10) (5) (7) (8). (7) (14) (6) (5)

46978 106769
( I) (<I)

5872
(<I) ( )

226084 1558830
( 4) ( 4)

( ) ( )

( ) ( )

5338 26692
(<I) (<1)

1780
(<I) ( )

1780 8897
(<I) (<1)

302513 1352409
(12) ( 6)

OTHERS 12544 6272 1957 * 8008 2936
( ) (<I) (<I) ( ) ( ) ( ) ( ) .( ) ( ) ( ) (<I) (<I) (<I)

21354
(<I)

35590
( ) (<I)

TOTAL PHY'I'OPLANKTON 13422895 12745541 3893356 14415093 2897714 282849
12068187 9548807 -25293615 19517824 8099776

~ ~ ~ 0 ~ ~ ~ I~ I~ 1 ~ 00040111*10111110 000* ~ ~ 11 ~ 00 I~ ~ 00*0 ~ 11 ~ *00010111 I010000 ~ 000004 ~ I~ 00011 ~ 1141411 ~ I~ t41101110101111401*0*011

VAlUES ARE EXPRESSED AS CELLS Pc,R LITc,R AND REPRESENT THE HEAN Of THREE REPI.ICATES ~
4 ~

PERCENTAGE VALUES ARE GIVEN IN PARENTHESES
01 ~

SISURPACEl BIBOTTOHl AVG ITHE AVc,RAGE Of STATION 11 S AND B VALUES

( ) ~ HDI OBSERVED.

3 5731387 2446794
10105727 - 38511671 22626166I 1 0*00 ~ 011 ~ ~ ~ I ~ ~ I~ *I0 ~ II~ ~ III~ ~ II*~ I00 ~ ~ 01 0



~

I



TABLE 0-7

PHYTOPLANKTOM DENSITY AND PERCENTAGE C(%POSITION
ST. LUCIB PLANT

12 JUBE 1979

11 ~ ttl~ ~ ttt ~ 1 ~ 11 jttt~ 1 ~ ~ Stijl~ 11111tlttltttlttt~ tttttt~ tttlttltlttjttltttltltlllll~ ~ tlt~ 111 ~ ttttttt~ tjtttjtt~ ~ 11 ~ 1 ~ 11 ~ 11 ~ 1jtl~ Stllttt~ 1 ~ tttllitt~ 111 ~ 1 ~ 1 ~ tltttttj
lt*

STATION AND DEPTH
11 ~ 1 1 ~ tt jttjt~ 1111111 ~ 1 ~ 11 ~ ~ tll~ 111 ~ 1 ~ 1 ~ t ~ ltllt~ ~ tt ~ tltttt~ 111 ~ 11 ~ 1 ~ 11 ~ ~ ttltl*tlttl~ ttt' ll~ ttttttt~ ttlt~ Stijljt1 ~ 1 ~ ttt ~ tt ~ 1 ~ ~ ~ 1 ~ 1 ~ 1

TAXON
11 .12

S 8 AVQ S S
0

8
1

S 8
2

S 8 S 8 H S 8
~ ~ ~ ~ 11 ~ ~ 1 ~ 1 ~ 1 ~ ~ 1 ~ ~ 1 1 ~ 1 ~ ~ ~ 1 ~ 1111 ~ 1111 ~ 11*1*11111 ~ 1 ~ 11*11 ~ ~ 1 ~ 111 1111 111 ~ 1 ~ 111111111 ~ 1 ~ 11 ~ 11 11 ~ ~ ttl~ 1 1 11 ~ 1*1 ~ 11 ~ 11 ~ 1 ~ 11111111111 ~ ~ttl~ 111 ~ 11 ~ 111 11 ~ 1 ~ 11 ~ 111 ~ ~ 1 ~ 1 ~ 1 ~ 1

SAC ILLARIOPHYTA 590534 3555108 2073321 981536 1045383 573497 569838 405606 820788 472075 596974 239426 559645 373799 731542 656264
(56) (80) (68) (67) (61) (67) (69) (70) (74) (79) (82) (69) (75) (71) (69) (66)

PYHRHOPHYTA (DINOFLAQELLATES) 48920 79025 63972 72126 106119 47415 43007
( 5) ( 2) ( 3) ( 5) ( 6) ( 6) ( 5)

27417
( 5)

43383
( 4)

17546 22585 20700 33943
( 3) ( 3) ( 6) ~ (59)

18399
( 3)

47737 32255
( 5) ( 3)

CHLOHOPHYTA (GREEN ALGAE)

CYANOPHYTA (BLUE~REEN ALGAE)
I

CJl
Vl EUGLENOPHYTA (EUGLENOIDS)

CHYPTOPHYTA (CRYPTOPHYTES)

20966
( 2)

1747
(<1)

45157
( 1)

51930
( 1)

33061
( 2)

25965
( 1)

874
(<1)

45426 146760 96093
( 4) ( 3) ( 4)

43903 33868 28223
( 3) ( 2) ( 3)

10752
( 1)

9408 2258 2258 1344
( I) (<I) (<1) (<I)

3763 452 806
(<1) ( ) (<1) (<1)

6773
( ) (<1) ( ) ( )

1613 3337 458
(<1) (<1) (<1) ( ) ( ) ( )

1112
( ) (<1)

8870 7785
( 2) ( 1)

9914
( 2)

903
(<1)

941 828
(<1) (<1)

9031 6585 7451
( I) (2) (1)

.a 10010 5338
( ) ( 1) ( 1)' ) ( ) ( )

1672 2580 2481
(<1) (<1) (<1)

( ) ( )

836 1241
(<1) ( ) (<1)

8362 24514 24811
( 2) ( 2) ( 2)

CHRYSOPHYCEAE (YELLO4-BROWN
ALGAE AND SILICOFLAGEI.LATES)

1747 11289
(<1) (<I)

6518 3136 . 1129
(<1) (<1) ( ) (<1) ( )

PRASINOPHYCEAB (PRASINOPHYTES) 20966 11289 16127 34495 24836 14676 4032
( 2) (<1) ( 1) ( 2) ( 1) ( 2) (<1)

6451 2224 1525
( 1) (<1) (<1)

1411
( ) (<1) ( )

763 =

( ) ( ) (<1) ( ) ( ) ( )
1290

( ) (<1)

1672 3871
(<1) (<1)

1241
(<1)

7443
( I)

UNIDENTIFIED PHYTOF LAQELLATES 312739 541883 427311 310454 480921 190788 200249 124988 214650 87703
(30) (12) (21) (21) (28) (22) (24) (22) (19) (15)

102055 77143
(14) (22)

145706 121255 243847 265483
(19) (23) (23) (27)

470 828
( ) (<I) (<1)

6774 2258 1344
(<1) (<1) (<1)

1613 3337 2288
(<1) (<1) (<1)

OTHERS 3494 11289 7392 12544
(<1) (<1). (<1) ( 1)

1241
(<1)

3345 . 5161
( I) (<I)

1060543
529341 992459

1046538 2750634 1706931 83137
4454730 1471363 860695

1 ~ 1 ~ ~ ~ ~ ttl~ ttttl~ 1 111 ~ 1 ~ ~ 1111111 ~ 1 ~ 11 1 11111111 1 111 ~ 11 ~ 1 ~ 111 ~ ~ ~ 11 ~ 1 ~ 11111 jt~ 11 ~ 11111111

VALUES ARE EXPRESSED AS CEl LS PER LITFR AND REPRESENT THE BEAN OF THREE REPLICATBS
11

PERCENTAQE VALUES ARE GIVEN IN PARENTHESES
11 ~

SSSURFACE; BSBOTTOH; AVG STRE AVERAGE OF STATION 11 S AND 8 VALUES

a( ) ~ NOT OBSERVED.

1 1106626 731550 748401
576557 597611 346677

1111111 ~ 111 ~ ~ 1 ~ ttttt~ 111 ~ 1 ~ *111 ~ *1~ 1111111 ~ ~ 1 ~ 1 ~ 1 1 ~ 11 ~ 1111111111111 ~ 11 ~ ~ ~ 11
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TABLE 0-8

t t*
PHYTOPLAMKTOM DENSITY AND PERCENTAGE COMPOSITION

ST LUCIE PLANT
26 JULY 1979

tattttattt ~ t ~ ttttttt ~ ttt ~ tttttattttt ~ ttttttttt~ ~ tt~ ttttt~ t ~ tttttttt~ ttttattttt ~tttttttt~ tt ~ ttttttttttttttttttttt~ tttttltatttttttt~ t ~ t ~ tt ~ tttftttttttttttttttat~ t ~
~ t ~

STATION AMD DEPTHt t a t *~ ~ *a 1 t tt t t t t It ~ t t t t ~ t t t t t t t ~ t ~ t ~ t ~ t ~ *~ t t t t t t t t t ~ t t t t t t t ta *t t t t t *t t t ~ 'a t t t ~ 1 t t t t t It t t t t t a t t t t tt t ~ t t 1 t 1 1 *tI~ t t 1 ~ t t t t t t t It t t t t ~ t t t
11 12 0 1 2 3 4 5

TAXOM S 8 AVG S S 8 8 8 S 8 S B S 8 S 8
~ t ~ ltttttttttttt~ lttttttttttttttttt~ tta ~ ttttttt~ atttat ~ t ~ ~ tttttt~ ttt~ tt ~ t ~ ttt ~ tt ~ttttt~ ttt ~ atttttttttt*tt*ttttttttatttattaat~ ttttt~ tttttta ~ttttt~tttttt~ t ~ ttttttt
BACILLARIOPHYTA 1763852 1934261 1849057 2104313 1297542 2263536 2449788 2455732 703790 1592640 886237 29D9490 790P92 ]6923P7

(89) (81) (85) (94) (81) (SS) (87) (89) (85) (85) (78) (89) (80) (83)

CHLOROPHYTA (GREEN ALGAE) . 4 15052
) (1)

7526 3010 1483 8008 7526 8008 2669 3559 7118 5338 56g4 5339
1) (<1) (<1) (<1) (<1) (<1) (<1) (<1) ( 1) (<1) ( 1) (<1)

CYANOPHYTA (BLUEaGREEN ALGAE)

EUGLEHOPHYTA (EUGLB(OIDS)

CRYPTOPHYTA (CRYPTOPBYTES)

8153 4077 1602
(<1) ( ) (<I) ( ) ( ) (<1) ( ) ( ) ( ) ( ) ( ) ( )

3763 1882 2669
( ) (<I) (<1) ( ) ( ) (<I) ( ) ( ) ( ) ( ) ( ) ( )

11289
) (<I)

5645 3010 8897 18685 11289
(<I) (<1) ( 1) ( 1) (<1)

26692 3559 10677
( 1) (<I) ( 1)

10677 i 8008
( 1) (<1)

) (.)
2135 8008
(<1) (<1)

CHRYSOPHYCEAE (YELLONaBROWH
ALGAE AHD SILICOPLAGELLATES)

4449
( ) ( ) ( ) ( ) (<1) ( ) ( )

2669 3559 2847
( ) (<I) ( ) (<I) ( ) (<I) ( )

PRASINOPHYCEAE (PRASINOPHYTES) 2718 3763 3240 11289
(<1) (<1) (<I) ( ) ( ) ( ) (<1)

8008 5338 1186 2669 712 2669
( ) (<1) (<I) (<I) (<I)

PYRRHOPHYTA (DINOFLAGELLATES) 13596 15062 14329 15052 71179 21364 3763 8008 32034 28482 47453 40038 26344 4PP68
( 1) ( 1) ( 1) ( 1) ( 4) ( 1) (<1) (<1) ( 4) ( 2) ( 4) ( 1) ( 3) ( 2)

1012)80 1891926
(80) (85)

35882 24043
( 3) ( 1)

6406 12012
( 1) ( 1)

( ) ( )

2002
( ) (<1)

8969 14013
( 1) ( I)
1281 4004

(<1) (<1)

5125
(<1) ( )

UHIDENTIPIED PHYTOFLAGELLATES 195680 387597 291638 111387 219470 245559 327388 248238 82746 233113 183880 314969 158730 293615 198591 274263
(10) (16) (13) ( 5) (14) (10) (12) ( 9) (lp) (12) (16) (10) (16) (14) . (16) (12)

OTHERS 3763 1882 3010 2966 2669 3763
( ) (<1) (<1) (<1) (<1) (<1) (<1)

1983999 2179275 1605986 281480
2374551 2239783 2564102tt ~ ttt ~ ~ ttat ~tttttttttttttttt~ ttttttttattttttt**t*t~ t*tt~ ttttttttttttttaat ~ tttttttata ~

VALUES ARE EXPRESSED AS CELLS PER (.ITER AND REPRESENT THE NEAM OF THREE REPLICATES
~ t

PERCENTAGE VALUES ARE GIVEN IN PARENTHESES
~ t ~

SaSURFACE) BtBOTTON) AVG MHE AVERAGE OF STATION ll S AHD 8 VALUES

( ) ~ HOT OBSERVED.

5338
( ) (<1)

986555
204734

( ) ( ) ( ) ( ) ( ) ( )

1268434
4 2222263

6 832806 1140111
2754686 1868470 3280513

~ t t 1 t t t 1 t t 1 a *a t*tt t t t t t t 1 t t ta t t tat I1 *aa Iat ~ t t t t t t t at t t t t t 1 Illt ~ t ~ t t t t t ~ t ~ t t
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TABLE 0 9

PHYTOPLANKTON DENSITY AND PERCENTAGE COMPOSITION
ST, LUCIE PLANT

21 AUGUST 1979

~ t ~ tt ~ tt ~ tat ~ t ~ ttttatttta ~ tt ~ at ~ aa ~ t ~ tttt~ a ~ at

1 ~ at a tata t ~ tat ~ a

11
TAXON S 8

~ aattt ~ ttaa ~ aat ~ tt ~ ataattt ~ t ~ aattttat ~ ttatatta

a ~ ttttttt'a ~ tatttt ~ ttt ~ ~ t**ttttttt~ t ~ t ~ t ~ ttt ~ ttattttt ~ ttt ~ t ~ ttattttttt'ttatatttttattttt ~ tt ~ ttattt ~ ttttatt ~ aaa ~ a ~ t ~ atattt
STATION AND DEPTHatttta ~ ttttttt~ at*atataat ~ tttttattatttaaaaatttltattaatlttttttttattattataatttatatttaataatattaaat* ~ a ~ ta ~ a*ttataaaaaat

12 0 1 2 3 4 5
AVG S 8 8 S 8 S 8 S 8tttt~ ttttlattttttttattttaattttataaaaaatatatttaatttttt ~ tttatattttattattttt ~ tat ~ tttttataaattattaaataaa ~ ttaaaaattaaaaa

SAC ILLARIOPHYTA

PYHRHOPHYTA (DINOFIAGELIATES)

CHLOROPHYTA (GREEN ALGAE)

40529
( 9)

6537
( 1)

66427
( 8)

18321
( 2)

53478
( 8)

12429
( 2)

27646
( 6)

13346
( 3)

39037
( 3)

8008
l 1)

59316
( 8)

26692
( 4)

54025
( 5)

-12919
( I)

95265
(17)

56113
(10)

62152
(11)

14191
( 2)

173913 303364 238638 267889 1114104 290613 856230 103440 406179
(37) {37) (37) (54) (85) (41) (81) (18) (69)

95121
(20)

56590
(12)

40928
( 9)

111805
(37)

50537
(17)

23433
( 8)

21952
( 7)

48049
(16)

28768
( 9)

585597
(75)

58723
( 8)

15605
( 2)

71243
(23)

40928
(13)

23430
( 8)

191300
(55)

38558
(ll)
26198
( 8)

46430
(18)

39617
(15)

44275
(17)

CYANOPHYTA (BLUEWREEN ALGAE)
C7
I
Vl

EUGLENOPHYTA (EUGLEHOIDS)

654
(<1)

1019
(<1)

836
(<1)

5815
( I)

1292
(<I)

) ( )

457
(<1)

979
{<1)

819
(<I)

415
(<1)

246
(<1)

411
(<1)

386
(<1)

297
(<1)

717
(<1)

466
(<1)

212
(<1)

CHYPTOPHYTA (CRYPTOPHYTES) 30723
( 7)

64274
( 8)

47499
{ '7)

17159
( 3)

4004 54571
(<1) ( 8)

11157
{ 1)

30666
( 5)

3915
( 1)

28116
{ 6)

7340
( 2)

23726
( 8)

3285
(<1)

18388
( 6)

2966
( 1)

9533
l 4)

CHRYSOPHYCEAE (YE{LOW-BROatN
ALGAE AND SILICOFLAGELIATES)

654
(<1)

327
(<1)

953
(<1)

3003
(<1)

1186
(<1)

4698
(<1)

9135
( 2)

1468
(<1)

7474
( 2)

847
(<I)

1779
( 1)

1643
(<1)

3856
l 1)

2472
1)

3601
( 1)

PHASINOPHYCEAE (PRASINOPHYTES) 9152 25509
( 2) ( 3)

17330 1907
( 3) (<1)

8008 9491 4698 15007 489 6762
{ 1) ( 1) (<1) ( 3) (<1) ( 1)

6228
( 2)

411
(<1)

2373
( 1)

494
(<1)

2542
( 1)

UNIDENTIFIED PHYTOFIAGELLATES

OTHERS 728 364 1907 . 5932 . 3262 2135
( ) (<1) (<1) (<1) ( ) ( 1) ( ) ( 1) ( ) (<1)

565
(<1)

297
(<1)

206566 329589 268077 163967 130125 254467 113923 262296 )0)297 238807 110670 175873
(44) (41) (42) (33) {10) (36) (11) (46) (17) (50) (36) (57)

821
(<1)

2966
( 1)

115393 147104
(15) (47)

84278 117361
(24) (44)

247 1059
(<1) (<1)

TOTAL PHYTOPLANKTON ~ 468726 638979 1306289 1058942 590671
809231 500589 702267 575642 47675

~ tata ~ ta ~ ttt ~ ttttttttaattttt ~ ttttttaat ~ tata**a ~ t ~ a*t ~ ta ~ t ~ tttt ~ tttttttt ~ t ~ tttt~ tttt~ tt ~ tattt ~ ~ *ttt*ttat~ ttttt*
VALUES ARE EXPRESSED AS CELLS PER LITER AHD REPRESENT THE MEAN OP THREE REPLICATES

~ ~

PERCENTAGE VALUES ARE GIVEN IN PARENTHESES
a ~ a

S SURFACE; 8 BOTTOM; AVG tTHE AVERAGE OF STATION 11 S AND 8 VALUES

{ ) ~ HPT OSSERVED.

305198 782135 347231
1 307088 310969 265098at ~ t ~ t 1*~ t ~ t ~ *~ t tt t t 1 t ~ t t ~ ~ t t t t ~ t ~ tat ~ at t ~ *~ at *a *a 1
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~ ~ 11111 ~ I~ I~ I ~ ~ ~ ~ ~ IIII I*~ ~ ~ I~ 11 Ittl~ ~ III~ I ~ I~ I

II~ ~ I~ I~ I111111 I
ll

TAXON S 8
~ 11 ~ II~ ~ I~ ~ 11 I11 ~ I~ 111111111111 ~ ~ I ~ lttt~ IIII*1

TABLE 0-) 0

11

PBYTOPI.ANKTON DENSITY AND PERCENTAGE COHPOSITION
ST LUCIS PLANT
7 SEPTEHBER 1979

11 jtlt*11~ IIIII~ ~ ~ 11 ~ I~ ~ I ~ ~ ~ llllll~ ~ ~ 1*1 ~ ~ ~ *111*llllllllltl~ ~ tttl~ 111 ~ 111*lltll~ 11111111 ~ 11 ~ ~ lltlttjtllllltt~ 11111 ~

11 ~ 'I

STATION AND DEPTH
III II**IIII ~ ~ IIIIIIIII~ I*II~ IIIIIII ~ ~ **I~ I~ ~ III ~ IIII*III~ I~ ~ ~ III ~ III~ I*I~ II ~ I~ III~ ~ IIII ~ II~ I~ I~ I~ IIIII ~ I ~ ~ ~ IIII ~ III

12 0 1 2 3 4 5
AVG. S S 8 S 8 S 8 S 8 S 8 S 8

I ~ III ~ I ~ II~ IIII ~ II~ ~ IIIII~ ~ ~ I~ ~ I~ **IIIII~ I ~ II I ~ IIIII~ ~ IIIII~ IIIII~ I ~ IIIIIII ~ ~ III11 II~ IIIIIIIIIIIII **I*II**II~ IIII*~

BACILLARIOPHYTA 457593 889793. 673693 1067691 1747995 679146 9)6084
(45) (59) (52) (62) (84) (64) (76)

CHLOROPHYI'A (GREEN AI.GAE)

CYANOPHYFA (BLUEMREEN ALGAE)

I
EUGLENOPHYTA (EUGLENOIOS)

CRYPTOPHYTA (CRYPTOPBYTES)

12711 6673 9692 23356 .4 6451 6606
( 1) (<1) ( 1) ( 1) ( ) ( 1) ( 1)

334
( ) ( ) ( ) (<1) ( ) ( ) ( )

1613
( ) ( ) ( ) ( ) ( ) (<I) ( )

96601 91199 93900 136798 77143 53221 46244
( 4) ( 6) ( 8) ( 8) ( 4) ( 5) ( 4)

PYRRHOPHYFA (DINOFLAGEI.LATES) 4575S 42263 44011 40038 26341 27417 36704
( 4) ( 3) ( 4) ( 2) ( 1) ( 3) ( 3)

57655 20820 26025
( 6) ( 3) ( 6)

14354 26989 14871 49114
( 2) ( 7) ( 2) ( 8)

681454 508541 258253 570918 216509 539188 346469
(66) (73) (61) (73) (53) (76) t55)

36035 26692 25027 22837 26396 20210 31498
( 3) ( 4) ( 6) ( 3) ( 6) ( 3) ( 5)

9509 4805 3003 10440 6821 8389 11745
( 1) ( 1) ( 1) ( 1) ( 2) ( 1) ( 2)

1602 534 652 297
(<1) (<1) ( ) (<I) (<I) ( ) ( )

1186
( ) ( ) ( ) ( ) (<1) ( )

756574 226008
(86) (62)

12812 25209
( I) (7)
4484 6228

t 1) ( 2)

) ( )

( ) ( )

16656 24913
( 2) ( 7)

CHRYSOPHYCEAE (YELLOW-BROWN
ALGAE AND SILICOFLAGELLATES) ) ( ) ( ) ( ) ( ) ( ) ( )

501 297
( ) ( ) (<1) ( ) (<1) ( ) ( ) ( ) ( )

PRASINOPH YCEAE (PRASINOPHYTES) 7626 22244 14935 6673 20697 4838 9542
( I) ( 1) ( I) (<1) ( 1) (<1) ( 1)

UNIDENTIFIED PHYTOFLAGELLATES 396571 442647 419609 440423 210732 291907 179839
(39) (30) (34) (26) (10) (27) (15)

2224 1112 1468
( ) (<1) (<1) ( ) ( ) ( ) (<I)

OMERS

1016860 1256952 2082909 ))96488
1497043 1715313 1064593

I~ ~ II~ I~ I~ ~ IIIIII~ III~ IIII~ ~ ~ ~ IIIIII~ ~ IIII~ I~ III~ I*I~ I*I*IIIIIII ~ II~ IIII~ I~ ~ IIII~ IIIIII
I

VALUCS ARE EXPRESSED AS CELLS PER LITER AND REPRESENT THE BEAN OF THREC RCPLICATES
I~

PEHCCNTAGE VALUES ARE GIVEN IN PARENTHESESIll
SISUHFACE; BIBOTTOHI AVQ ~ ITBE AVERAGE OF STATION 11 S AND 8 VALUES

( ) ~ NOT OBSERVED.

TOTAL PHYTOPLANKTON

9609 4271 5505 . 3262 2669 2669
1) ( 1) ( 1) ( ) ( 1) (<1) (<1)

240231 129724 106102 160510 129013 125835 190583
(23) (19) (25) (21) (31) (18) (30)

1281 3559
(<1) ( I)
91608 75925
(10) (21)

2966
( ) (1)

883416
364808

1602 1001 652
(<1) ( ) (<1) (<1) ( ) ( ) ( )

695387 780364 711163
1037795 425416 410769 632078I~ II11 I~ ~ 111111111111 ~ 11 111111 ~ I~ I~ I~ 1111 ~ 111111 ~ IIIII~ I~ 11 ~ I ~ I~ I~ 11111 ~ ~ I
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TABLE D-11

t ~
PHYTOPLANKTON DENSITY AND PERCENTAGE COHPOSITION

ST. LUCIE PLANT
2 OCTOBER 1979

ft iit ~ t *iit it it ~ t it t t t t t t t t t t t t t t t a t t t ~ t t 1 ~ ~ ~ t t t ~ tit t ~ t t t it t t t t t t t t t t t it t t t tiit 1 t t t t t t t t t t t it t t t it t t 1 ~ it t t t t t t it t t t t t t t ~ t t t ~ t*tt t t a it t t t t t t t t t t *~ it t t t a t t t ~ t t t t *t
1% ~

STATION AND DCPTH
~ tat\%%% ~ i ~ tati ~ ii~ ~ ~ t ~ ate% ~ ~ ~ %tie ~ ate% ~ tie*at ~ %%% ~ %%% ~ it%tea%a ~ %%%%1 ~ tii~ ~ %tea ~ i~ ttt ~ t ~ t ~ 1%%% ~ iat ~ ~ %% ~ ~ %% ~ tata%*tat ~ t ~ ~ et%tait ~ tt~ll 12 0 1 2 3 4 5

TAXON S 8 AVQ S S 8 S 8 S 8 S B Si~ ~ ~ i% ti~ % % ~ iiie t ii~ a t ~ t t ~ t t ~ t it t t t tiit it i~ it iit ~ ~ i ~ ~ t t t i ~ ~ t it t t *i t it t t t t ~ t ~ a it t t iit i*t t a t t t t ~ ~ i t t t t t it t t t t I~ t t ~ t t t t t t 1 t a t ~ t it it t % t tiit t t t t t % it t a a t t i~ iit t t ~ % t t
BACILLARIOPHYTA

PYRRHOPHYTA (DINOFLAGELLATES)

CHLOROPHYTA (QHCEN ALGAE)

CYANOPHYTA (BLUEWREEN ALGAE)

I
BUG LENDS YTA .( EUGLEHOIDS)

CRYPT OPHYTA (CRYPTOPHYTES)

CHRYSOPHYCEAC (YEI LON=BR(AN

ALGAE AND SILICOFLAGELLATES)

PRASINOPHYCEAC (PRASINOPHYTES)

UNIDENTIFIED PllYTOFLAGELLATES

OTHERS

241470 370287 305878 428092
(24) (24) (24) (54)

310912 350203 778525 777306 354807
(19) (19) (15) (16) (38)

438543
- (40)

72074
( 7)

14236
( 1)

360905 578659
(46) (42)

114983 144502 129742 115602 211670 228495 298064
(12) ( 9) (10) (15) (13) (13) ( 6)

226351
( 5)

61170
( 7)

20798
( 2)

31197
4)

24468
( 3)

98190
( 7)

20972
( 2)

11498
( 1)

14450
1)

12974
( 1)

21675
( 3)

32618
( 2)

34165
( 2)

80077
( 2)

64061
( 1)

523
«1)

3071
«1)

1045
(<1)

833
«1)

2135
(<1)

1780
(<1)

1223
«I) (

612 1779
(<1) (<1)

1388
(<1)

12812
(<1)

349082 379030 1441384 1264147 168829 153036
(21) (21) (28) (26) (18) (14)

235192 335968 285580
(24) (22) (23)

196379
(14)

87473
(I 1)

27094
( 3)

4271
(<1) ( )

694 1068 8897
( ) ( ) (<1) (<1) (<I)

1779 953
(<1) ( ) (<1)

15126 13457 30505
( 1) ( 2) ( 2)

93483 3613 144352 146274 235782 222080 16516
( 7) (<1) ( 9) ( 8) (.5) ( 5) ( 2)

73171 113795
( 7) ( 7)

3136 1568 1806 694 4449
(<1) ( ) «1) (<1) (<1) ( ) «1)

890
(<1)

313590 578009 445799 191465 594758 657698 2273293 2233611 298509 403054 261807 452816
(32) (37) (34) (24) (36) (37) (44) (46) (32) (37) (34) '33)

44376
5)

24913
3)

156
(<I)

46982
( 5)

32031
4)

2829
(<1)

114443
,(12)

14014
( 1)

85415
(10)

534
(<1)

36301
( 4)

338658 278134
(36) (31)

403276 412130
(43) (46)

450499 474313
(51) (44)

34405
( 4)

7526
t 1)

645
(<1)

46254
( 4)

29007
( 3)

1568
(<1)

13977
( 2)

234386
(26)

1075
(<1)

16463
( 2)

380228'
(35)

784
(<1)

1075
(<1)

145147 124652
(16) (12)

( )
'

)

994085 1275548 1647000 , 512225
1557011 792418 1799070tti)~ ~ tete ~ ~ ~ tat ~ %% ~ t ~ %1 ~ tet%at%it%tie%a%etta ~ it%it%i%tie%tie%tie%it%%*it%tie%it%it%%i

t
VALUES ARE EXPRESSED AS CCLLS PER LITER AND REPRESENT THE HEAN OF THREE REPLICATES ~

1%

PCRCCNTAQC VALUES ARE GIVE N IN PARENTHESES
a ~ t

8 SURFACCI B BOTTOHI AVG %THE AVERAGE OF STATION 11 S AND 8 VALUES

+( ) ~ HOT OBSERVED.

0 92246
4804639

3 779307 939836
1100617 1378475 894356

888736
1073269

~ %%etta%~ ~ t ~ t ~ *~ t ~ tie%it%it%~ t ~ %% ~ t ~ %%%%% ~ t ~ tie%teat ~ %%% ~ t ~ %% ~ etta ~ %%1% ~ t ~ t
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TABLE D-12

PHYTOPLANKTON DENSITY AND PERCENTAGE COMPOSITION
ST LUCIE PLANT

30 OCTOBER 1979

~ tt**%~ ~ ttttt~ %%% ~ ~ tttj~ ~ ~ %%1% ~ tjttt*jt~ %% ~ jtjjjt~ %%%%%%%%% ~ %%%%%%%% ~ jt~ %%*ttj ~ %11%% ~ t ~ t ~ %*tttttjj~ %%% ~ ~ %% ~ %%%%%%%%%%%%%%%% ~ t ~ tt ~ t ~ t ~ %% ~ %%% ~ %%%%% ~ %% ~ %%%%% ~ t ~ ~ %%%ttt
STATION AND DEPTHjttltjtttttt~ t ~ t ~ %%% %%%*%1%%% ~ ttj~ %%%It j ~ j~ ttttttttttt~ tttttttt~ t ~ ttttttjttt~ %% ~ t ~ %%%%1%%%%% ~ %%%%%%% ~ %%%%%%%% ~ %% ~ %%%%%% ~ %% ~ %% ~ ttt ~ j

11 12 0 I 2 3 4 5
TAXON S 8 AVG ' S' S 8 S 8 S 8 8 8 S 8ttt ~ ~ttttjtt~ jtt~ tjtttttltj%% ~ ttt ~ 1%% ~ ~ %% %%ttttttt~ ttt%%%%%%% ~ %%%%% j%%%%It%%% 1 %% ~ tttttt%%%%% ~ %%%% ~ %%%%%% ~ t ~ tttttttlt~ ttlltttttttt%%% ~ ttttttt%%% jjtttttttt%%% ~ *%jj

BACILLARIOPHYTA 1916714 2738795 2327754 3075515 2598309 18050487 316565 3612189 865525 1281037 645208 960411
(58) (56) (57) (74) (75) (84) (75) (76) (74) (75) (54) (62)

872213 775010
(60) (72)

870057 1123541
(70) (73)

47621 53207
( 3) ( 4)

42801 52050
( 4) ( 4)

4627 1652
(<I) (<1)

54827
( 4)

3915
(<1)

18527 6940
.( I) (<1)

~ a
-( )

385
( ) (<1)

308
( ) (<I)

386
( ) (<I)

CKLOKOPKYTA (GKEEN ALGAE) 23415 52683
( 1) ( I)
8843 19756
(<1) (<I)

5017 41812
(<1) ( I)
2007 15680
(<1) (<1)

( ) ( )

3844 7931 18345
(<1) (<1) ( 2)

20019
(<I)

2070 4164 925 ~ 1487
) (<I) (<1) (<I) (<I) (<I)

3203 3569
-(41) (<I)

) ( )

14592
~ (<I)

CYANOPHYTA (8LUE~REEN ALGAE)
I

EUGLENOPKYI'A (EUGLENOIDS) 3058 979
(<1) ( ) ( ) ( ) ( ) (<I)

PYKRHOPKYTA (DINOFLAGELLATES) 110384 52265 81324 85610 85415 59316 10796 94376 42925 60490 " 48931
( 3) ( I) ( 2) ( 2) ( 2) (<I) ( 3) ( 2) ( 4) ( 4) ( 4)

CRYPTOPHYTA (CRYPTOPHYTES) 165575 365855 265715 111952 124564 433008 16193 177313 33312
( 5) ( 8) ( 6) * ( 3) ( 4) ( 2) ( 4) ( 4) ( 3)

49571
( 3)

51978 76579 82123 35857
(4) (5)- (6) (.3)

47919 60680
( 4) ( 4)

CHRYSOPHYCEAE (YELLAFif BROWN
ALGAE AND SI LICOFLAGELLATES)

5017 . 2509 386 5720 . 641
(<I) ( ) (<1) ( :) ( ) ( ) . (<1) (<1) " (<I)

2974
(<I)

2313 2313 1957
( ) ( ) (<I) (<1) ( ) (<I)

PRASINOPKYCEAE (PRASIHOPHYTES) 15052
(<I)

83624 49338 . 14236 . 4241 37179 5125
( 2) ( I) ( ) (<1) ( ) ( 1) ( 1) (<I)

991
(<1)

9173 24836 16193 17350 18176 2936
( 1) ( 2) ( 1) ( 2) ( 1) (<I)

UNIDENTIFIED PKYTOFLAGELLATES 1068714 1547043 1307878 810002 590789 2817520 72099 737851 208200 303377 409705 418078 394423 198947 254467 288722
(32) (32) (32) (19) (17) (13) (17) (16) (18) (18) (35) (27) ~ (27) (18) (20) (19)

OTHERS 10453 5227 13171 14236 41521 1928 48618 2562
( ) (<1) (<1) (<I) (<1) (<I) (<I) ( I) ~ (<1)

TOTAL PHYTOPLANKTON 3288480 , 4072003 3442141 423287 116533
4855525 4168589 21401852 4733265

jjtt ~ %% ~ ~ ~ t ~ ~ %%%%%%%%%*tt ~ tjttt ~ %% ~ jtttt~ t ~ ~ ~ t ~ ~ t ~ ~ t ~ %%%%%%% ~ t ~ ttjtttjjtj**%%%~ t ~ *t~ %%%1% ~

1*%%%%%%tate�

t

VALUES ARE EXPRESSED AS CELLS PER LITER AND REPRESENT THE MEAN OP THREE REPLICATES
~ t

PERCENTAGE VALVES ARE GIVEN IN PAREHTHESES
%% j

StSURFACEl 8%BOTTOM; AVG %THE AVERAGE OF STATION ll S AND 8 VALVES

( ) j HOT OBSERVED.

2974
(<1)

10410 1157 3305 ~ 4894
( ) ( ) ( I) (<I) (<1) (<I)

7 1185397 1441987 1249113
1712915 1548222 1078986 1543530t ~ %% ~ %% ~ ~ ~ tttt ~ %% ~ %%%%%%*%%%*%% ~ t ~ %%%% ~ %%%%%%1% ~ %%% ~ j ~ % A %%%
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TABLE 0 13

0 ,00
PHYTOPLANKTON DENSITY AND PERCENTAGE COHPOSITION

ST LUCIE PLANT
28 HOVOSER

~ ttia)aat ~ Ita ~ tltal ~ 0111tatttttttaattaataaa ~ 10 ~ ~ iatta*10 ~ 00104 ~ itatattl ~ 0)itiatlt~ ttlatt ~ ttlat ~ tattlaaal ~ 10*11 ~ attallttltt*00~ tata ~ tt00101110 ~ 11101100*1*atatta
04 ~

STATION AND DEPTH
000011 ~ tata ~ 44100 ~ 040004000010 ~ 400100) ~ ~ 0**~ *~ ~ 110 ~ It)000000100410000040 ~ 00*040000*a)000 ~ 0 ~ 1041010000010)1* ~ 10001*1104 ~ 0 ~ 0101 ~ 04 ~

ll 12 0 1 ~ 2 3 4
5'AXUN

S 8 AVC. S S 8 S B S 8 S B S 8 S 8
tai ~ ~ ii~ ~ ~ 41114)4 ~ 4 ~ 04 ~ 0110)11111111 ~ 01 ~ 010 ~ 4 ~ 0 ~ 00044 ~ 4 ~ ~ ~ *44 ~ 0441 ~ ~ 14)01 ~ ~ ~ ~ 0 ~ I~ 1000* ~ 041110 ~ 101 ~ 11 ~ 000104 ~ 0 ~ 04)01101*0000100000 ~ 0 ~ 1100*1100 ~ 110 ~ 10 ~ 001000 ~ 000

BACILLARIOPHY'fA 1895716 216660 1056188 2163835 693052 6569603 1962409 1716879 288014 1307130
(69) (72) {71) (79) (62) (77) (68) (71) (35) (76)

215870 2647310 206936 542813 584293 „ 866638
(36) (77) (27) (69) (59) (69)

CHLOROPHYfA (GREEN ALGAE)

CYANOPHYfA (BLUCWREEN ALGAE)
I

Ch
EUGI.ENOPHYfA (EUGLEHOIOS)

14112 538
( 1) (<1)

. 4 1344
( ) (<1)

( ) ( )

7325
(<1)

672
— (<1)

5272
(<1)

18815
( 1)

6272
(<1)

4957 ~ 32255 28671 11104 3856
-(<1) ( ) ( 1) ( 1) ( 1) (<1)

991 26879 7168 4303 5783
{<1) ( ) ( 1) (<1) ( 1)'<1)
991

(<1) ( ) ( ) ( ) (, ) ( )

CRYPIOPHY'I'A (CRYP'fOPHYTFS)

CHRYSOPHYCEAE (YELLOW-HR(WN
A{GAB AND SII.ICOPLAGELLATES)

PNASINOPHYCEAE (PRASINOPHYfES)

216377
( 8)

4704
(<1)

22578 119478
( 8) ( 8)

2352
) (<1)

2150 1075
( 1) (<1)

75262
( 3)

71383 177949 215033 175610
( 5) ( 2) ( 7) ( 7)

991
{<1)

3584
( ) ( )

21811
( 2)

21503 7168
( ) { 1) (<1)

77728 53978
( 9) " ( 3)

4858
( 1)

39558
( 5)

7711
(<1)

PYNRHOPHYfh (DIHOPLAGELLATES) 42335 5376 23855 56446 25872 88974 32255 50184 43724 19278('2)(2)(2)(2).(2)(1){1)(2)(5)(1)

71955
{12)

66731 107436 - 43597 69186
( 2) (14) ( 6) ( 7)

3889 4449 4204 890 854
{ 1) (<1) ( 1) (<1) (<1)

27874 ~ 46244 890 17083
5) ( ) ( 6) (<1) ( 2)

24636 40063 23834 14251 16237
( 4) ( 1) ( 3) ( 2) ( 2)

5186 13346 3737 6228 7687
( 1) (<1) (<1) ( 1) { 1)

4343 4894 2102 . '110
( 1) (<1) (<1) ( ) (<1)

2593 1868
(<1) ( ) (<1) ( ) "( )

22803
2)

6940
( 1)

( )

( )

63451
( 5)

3966
(<1)

5949
(<1)

UNIDPNrIPIED PHYrOPLAGELLATCS 564462
(21)

50533 307497 -426482 282557 1408760 564461 394227 345612
(17) (19) (15) (25) (17) (20) (16) (42)

291094
(18)

241146 591679 357343 162823
(40) (17) '47) (21)

286996
(29)

257771
(21)

25061
( 2)

7634
( 1)"

OfHEHS 9408 4704 23794 237265 26879 39423
(<1) ( ) (<1) ( ) ( 2) ( 3) ( 1) ( 2)

TOTAL PHYTOPLANKfON 2747113 1523146 ~ 1126401 = 2881675
299179 2753385 8482551 242291

4 ~ 0 ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ 44 ~ *~ 0 ~ 0 ~ tat ta ~ 0 ~ ttttttatt ~ 0111 ~ 0 ~ tt44 ~ 4 ~ ~ ~ ~ ~ ~ ~ I~ ~ ~ 4 ~ ~ ~ 00 ~ attt ~ ~ ~ 0 ~ 000 ~ 114001 ~ 11 ~
1

VALUES AHC,EXPRESSED AS CEI.LS PER LITER ANO REPRESENT THC HEAN OP THREC REPLICATES ~
~ ~

PCHCCNfAGE VALUES ARC GIVEN IH PARCH'fHESCS
~ ~ ~

84SUNPACCI 80UOTTOHI AVG 0THE AVEKAGE OP STATIOH 11 S AND 8 VALUCS~

( ) HOI OBSERVED

5186 57833 8875
( I) ( 2) ( 1)

16905 10250
(2) (1)

25777
( 2)

602678 762581 993697
3426305 788397

822535
3 17)3891 1253295
~ 0 ~ 0 ~ ~ aaattt000141 ~ 00111 ~ *1~ 11 ~ tt 1000 ~ 0 ~ 111 ~ 11 ~ 0 ~ 100 ~ 4 ~ 11 ~ ~ aattt ~
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TABLE D-14

SEASONALa OCCURRENCE OF MAJOR PHYTOPLANKTON SPECIES
ST. LUCIE PLANT

MARCH 1976 - NOVEMBER 1979

Winter S rin

Asterionella ~a onica~Lli d
Nitzschia delicatissima
Skeletonema costatum
Chlorophyte sp. 1

1976

Summer

Nitzschia delicatissima
Skeletonema costatum
Thalassiosira sp. 1

Chlorophyte sp. 1

. Autumn

Nitzschia cl osterium
Skel etonema costatum
Thalassiosira sp. 1

Prasinophyte sp. 1

Winter S rin

1977

Summer Autumn

Chlorophyte sp. 1

Pra'sinophyte sp. '1
Chlorophyte sp. 1

Nitzschia closteriom . Asterionella ~a onica
'keletonema costatum

Chlorophyte sp. 1 Nitzschia cl osterium
N. del icatissima
Skel etonema costatum
Thalassiosira sp. 1

Thalassionema nitzschioides



'l

l

E

1



-TABLE D-14
(conti nued )

SEASONALa OCCURRENCE OF MAJOR PHYTOPLANKTON SPECIES
ST. LUCIE PLANT

MARCH 1976 - NOVEMBER 1979

1978

Winter

Asterionella ~a onica
Nitzschia del icatissima
Skeletonema costatum

S rin

Asterionella ~a onica
Nitzschia cl osterium
N. delicatissima
Skeletonema costatum
Thalassionema nitzschioides
Chlorophyte sp. 1

Summer

~L11 d d

Nitzschi a del icat iss ima
Skel etonema costatum

Autumn

~L11 d d

Nitzschia cl osterium
N. delicatissima
Skel etonema costatum
Thalassiosira sp. 1

Thai assi onema nitzschioides
~T1Td

~ Chlorophyte sp. 1

Prasinophyte sp. 1

1979

Winter

Asterionella j~a onica
Nitzschia cl osterium
Skeletonema costatum
Thalassiosira sp. 1

d

S rin

~LT1 d d
Nitzschia cl osterium
N. delicatissima
Skeletonema costatum
Thalassionema nitzschioides
Thalassiosira sp. 1

Chlorophyte sp. 1

Summer

~L11 d

Nitzschia delicatissima
Rhizosolenia stolterfothii
Skeletonema costatum

Autumn

Nitzschia cl osterium
N. delicatissima

Skeletonema costatum
Thalassiosira sp. 1

aWinter = December (of preceding year), January and February.

Spring = March, April, May..
Summer = June, July, August.

Autumn = September, October, November.
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TABLE D-15

STATISTICAL COMPARISON OF TOTAL PHYTOPLANKTON DENSITY
.OFFSHORE SURFACE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

5 '2. 94531067

209 102.59794173

Mean s uare

2.58906213

0.49089924

Corrected total 214 115. 54325240

Source

Station

DF Type I SS

12.94531067

F value

5. 27

PR>F

0.0002

DUNCAN.'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

DF=209

MEAN

14.532400

14.468734

14.068496

14.065866

14.039303

13.847990

N

36

36

36

36

36

35

MS=0.490899

STATION

'I

aMeans with the same letter are not significantly different.

D-64
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TABLE D-16

STATISTICAL COMPARISON OF TOTAL PHYTOPLANKTON DENSITY
OFFSHORE BOTTOM STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

.Source

Model

Error

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares'

16.47070597

208 '53.99865825

Mean s uare

3.29414119

1.22114740

Corrected total 213 270.46936421

Source

Station

DF Type I SS

16.47070597

F value

2.70

PR > F

0. 0218

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

A

B A

B A C

B C

DF=208

MEAN

14.704598

14.641334

14.188633

14.115034

14.058031

14.025721

N

36

36

36

35

35

36

MS=1.22115

STATION

aMeans with the same l etter are not s igni fica ntl y different.

D-65
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TABLE D-17

STATISTICAL COMPARISON OF TOTAL PHYTCPLANKTON DENSITY
OFFSHCRE SURFACE STATIONS 0 THROUGH 5

~ ST+ LlCIE PLANT
MARCH 1976 - NOVEMBER 1979

Source

ANALYSIS OF VARIANCE: STATIONS X YEARS

Mean s uareDF Sum of s uares

Mode I

Error

Corrected total

23 28+ 76289748

246 147 79059696

269 176+55349444

1,25056076

0,60077478

Source

Year

Station

StatIon x Year

DF

15

Type I SS

16+33919146

10+66129229

I ~ 76241373

9+07

3+55

0+20

Oe0001

0+0042

0+9995

F value PR > F

DU%AN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

B A

B C

B C

B C

MEAN

14.237177

14~ I 16186

13. 892352

13~862 140

13+ 789382

I3+643011

DF-"246

N

45

45

45

45

45

45

MS% ~ 600775

STATION

DUhCAN~S MULTIPLE RANGE TEST: YEARS

Alpha level=0,05

GROUPING MEAN

14 234651

14. 102640

13+797779

13o614246

DF-"246

66

60

72

MS=Os 600775

YEAR

79

76

78

77

aMeans with the same letter are not signif icantly different.





TABLE D-18

STATISTICAL COMPARISON OF TOTAL PHYTOPLANKTON DENSITY
OFFSHCAE BOTTCM STATfONS 0 THROUai 5

STN LLC I E PLANT
MARCH 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

OF Sum of s uares

23 33N 03815209

246 20 1 N 42393263

269 234N46208472

Mean s uare

IN43644140

0.81879647

Source

Year

Station

Station x Year

DF

15

Type I SS

17N42366379

13+72485518

I ~ 88963312

7 09

3N35

ON 15

0,0002

ON0061

1.0000

F value PR > F

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

B A

8 C

8 C

B C

MEAN

14N495863

14,404814

I4N089892

14,013752

13,999840

13 874690

DF=246

N

45

45

45

45

45

45

MS&N 818796

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING

8 A

B C

MEAN

14 433692

14. 351700

14,079842

13, 785638

DF-"246

N

60

66

72

72

MS&~ 818796

YEAR

76

79

78

77

aMeans with the same letter are not significantly different.

0-67





TABLE D-19

CORRElATIONS OF FHYTCPLANKTON DENSITIES, CHLCRCPHYLLS-~a -b AND -c
PHAECP I GhENTS AND CAROTENOIDS VERSUS CHEMICAL AND PHYS ICAL FARPbETFRS.

OFFSHCRE SURFACE STATIONS 0 THROU% 5
ST+ LKIE PLANT

DECEMBER 1978 - NOVEMBER 1979

Parameter
Dens ity -0 56656a

OoOOOI
72c
'~ 18320

Oo 1235
72

0,48999
0,0001

66

Oo 06013
0.6159

72

E) ~04877
0,6841

72

Oo 15122
0+2048

72

E) ~ 02039
0+8650

72

-0 .10857
0+3640

72

D I sso I ved
Te erature Sallni o en Nitrate Nitrite Ammonia Phos hate S ll!cate

Ch I orcphy I I-a -0.37191
0+0013

72

-0+ 33395
0 0041

72

W 06257
0 6177

66

0 10966
0 3591

72

0,26012
0+ 0273

72

0+03800
0 7513

72

W 33558
0%0040

72

0 02796
0,8157

72

Ch I orcphy I I-b 0,32135
0+0059

72

W~ 18283
Oo 1242

72

W. 51314
0 0001

66

16888
0~ 1561

72

Oo 17066
0% 1518

72

W o 50322
0,0001

72

&.46527
0,0001

72

W 02477
0+8364

72

Ch I orcphy I I-c &.00788
0 9476

72

-0+ 36834
0+0015

72

-0+ 41969
0.0005

66

&,03856
Oo 7478

72

0. 18857
Oo 1127

72

-0+32523
Oe0053

72

-0+ 49206
0 0001

72

W 06217
0+6039

72

Phaeop igments 0+02978
0+8039

72

W 26845
0+0226

72

13363
0~2848

66

0+06149 W 14187
0+6079 0+2345

72- 72

E) ~ 06781
0+5714

72

0 02143
0 8582

72

Wo 13390
0+ 2621

72

Carotenoids &+40845
0,0004

72

W 46519
0 0001

72

-Oo 13752
0~2708

66

Oo25467
0 0309

72

0 19624
Oo0985

72

0 10702
Os 3709

72

&~33983
0 0035

72

-0+00268
0~9822

72

aCorrelation coefficient.

Probability of a greater R value for the null hypoth'esis.

cNumber of observations (n) ~





TABLE D-20

CORRELATIONS OF FHYTCPLANKTON DENSITIES, CHLCRCPHYLLS-a -b AND -c
PHAECPIGKNTS AND CAROTENOIDS VERSUS CHEMICAL AND PHYSICAL VARAKXERS

OFFSHCRE BOTT%1 STATIONS 0 THROU&i 5
ST+ LUG I E PLANT

DECEMBER 1978 - NOVEMBER 1979

Par'ameter
D I sso I ved

Tem erature Salinl o en Nitrate Nitrite Ammonia Phos hate Silicate
Dens ity -0+43750

0+0001
72c

-0 32609
0,0052

72

Oo 29944
0+0146

66

W 20754
0+0802

72

E) ~ 11078
0+ 3542

72

0 00354
0 9765

72

E) ~ 25201
0 0327

72

-0+ 26638
0~0237

72

Chlorophyll-a -0.25260
0 0323

72

&+41432
0~0003

72

-0+01923
0+8782

66

-Oo 13599
Oo 2547

72

0+ 01747
0+8842

72

E)~02581
Oe 8296

72.

W 39794
0,0005

72

-0 17330
0 1455

72

Ch I orcp hy I I-b 0+28174
0+0165

72

-0+ 20391
0 0858

72

-0. 37160
0+0021

66

0.05043
0,6740

72

Oo 1 1030
0 3563

72

&~448)9
0 0001

72

-0, 52697
0 0001

72

W 00248
0+9835

.72

Chl orcphy I I-c &,01610
0~8932

72

&+40714
0+ 0004

72

We24190
Oo 0504

66

-0 01880
0 8755

72

Oe 01016
0+9325

72

-Oo30106 %+56968 .

0 0102 0 0001
72 - 72

Wo 12287
0 3038

72

Phaeop I gments -0.16231
0 1731

72

&.33675
0,0038

72

0+01760
0+8884

66

0+ 08025
0 5028

72

% + 20323
0,0869

72

W 20044
0+0914

72

-0 16210
0 1737

72

&~11764
0+3250

72

Carotenolds W 25732
0+0291

72

&+47309
0+000)

72

W 08452
0+4999

66

W 05233
0 6624

72

0+00836
0 9445

72

%+00685
0+9544

72

W 42892
0%0002

72

-0 15756
Oe 1862

72

aCorrelat ion coef f icient.

Probability of a greater R value for the null hypothesis.

cNumber of observations (n).
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TABLE D-21

PHYTOPLANKTON STEPWISE ANALYSISa
'OFFSHORE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

SURFACE

R square = 0.22151630

Sum of squares Mean square F PROB>F

Regression
Error
Total

2.
69
71-

6.42469556
22.57856794
29.00326350

3.21234778 9.82
0.32722562

0.0002

-B value Standard error .Type II SS F PROB>F

Intercept '.00000000
R Temperatureb -0. 13123682
R Ammonia -5.86070124

0.03254336
2.04030609

5. 32149692 16. 26 0. 0001
2.69995059 8.25 0.0054

Regression
Error
Total

DF

3
68
71

BOTTOM

R square = 0.33811460

Sum of squares

26.17239996
51.23449186
77.40689182

Mean square

8.72413332
0.75344841

F PROB>F

11.58 0.0001-

B value Standard error Type II SS F PROB>F

Intercept 0.00000000
R Temperature, -0.18242435
R Ammonia -8.30239808
R Phosphate -68.96478756

0.04885984
2.60196303

21.92883135

10. 50304049 13. 94
7. 67111306 10. 18
7.45207730 9.89

0.0004
0.0021
0.0025

aThe last step to include only significant type II sums of squares was selected as the
best model.

bThe prefix R indicates residual variance for each variable after seasonal
adjustment.
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TABLE D"22

COMPARISON OF INTAKE (STATION 11) AND DISCHARGE (STATION 12) PHYTOPLANKTON

ST+ LUCIE. PLANT
JANUARY 1979 - NOVEMBER 1979

Tem erature in 'F ('C) Intakea Discharge Change In cell count
Date Intakea Dlscha e hT ('C) (cells liter) (cells/liter) ( )

17 Jan

13 Feb

6 Apr

27 Apr

15 May

12 Jun

26 Jul

21 Aug

7 Sep

2 Oct

30 Oct

69e 4
(20m 8)

65+ 5
(18 ~ 6)

70+5
(21o4)

74+8
(23+ 8)

74 3
(23+ 5)

770 7
(25.4)

75 0
(23o9)

78%8
(26+0)

72.0
(22e2)

80+ 8
(27+ 1)

76+3
(24~6)

87+6
(30 9)

73+4
(23+0)

76.3
(24.6)

770 2
(25+I)

91 ~ 8
(33+2)

99 3
(37.4)

99. 5
(37+5)

94+6
(34 8)

94'
(34,8)

98+ 6
(37 ')

22+1
(12 3)

2,9
(I+6)

I+5
(0+8)

- 2+9
(1 ~ 6)

14+ I
(7+8)

'24.3
(13+5)

20+ 7
(I I ~ 5)

22.6
(12+6)

13,8
(7+7)

2203
(12+4)

2,008,031

24,435,540

11,508,545

12,745,541

2,750,634

2, 179,276

638,979

1,256,952

1,275, 548

4,072,003

92e3 22o9
2p027p413'33+5)

(12o7)
1,561,677

1,307,670

18,683,676

7,730,434

9,548,808

1,471,363

2,239,783

500,589

1,715,313

792,418

4, 168,689

-23.0

-34,9

-23 5

-32 8

-25+ I

H6 5

+2+8

-21 +7

+36 5

-37~9

+2 ~ 4

a
Average of surface and bottom values.

b
Change I n ce I I count 0 I schar e count - I ntake count

n e coun
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TABLE D-23

STATISTICAL COMPARISON OF TOTAL PHYTOPLANKTON DENSITY
CANAL STATIONS 11 AND 12

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

Corrected total

22

23.

27.02887031

27.28463773

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

1 0.25576742

Mean s uare

0.25576742

1.22858501

Source

Station

DF Type I SS

0.25576742

F value

0. 21

PR > F

0. 6527

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Al pha level =0.05

GROUPING MEAN

14.877602

14.671137

DF=.22

N

12

12

MS=1. 22859

STATION

12

aMea ns wi th the same l et ter are not si gni fica ntl y different.
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TABLE 0-24

STATISTICAL COMPARISON OF TOTAL PHYTCPLANKTON DENSITY
CANAL STATIONS 11 AND 12

ST LLCIE PLANT
MARCH 1976 - NOVEMBER 1979

Source

ANALYSIS OF VARIANCE: STATIONS X YEARS

Mean s uareDF Sum of s uares

Mode I

Error

Corrected total

7 13+ 49271304

82 70 72824787

89 84 22096091

I ~ 92753043 "

0+86253961

Source

Station

Year

Station x Year

OF Type I SS

2+70421437

IOo04279253

0+74570614

F value

3,14

3+88

0+29

PR > F

0.0803

0+0120

0,8350

DU%AN S MULTIPLE RANGE TEST: STATIONSa

A I pha I eve I &.05

GROUPING MEAN

14e657820

14+311140

OF=82

N

45

45

MS&,86254

STATION

12

DUN AN'S MULTIPLE RANGE TEST: YEARS

Alpha level=0.05

GROUP I NG

A B

MEAN

14+ 860317

14+ 716584

14+ 438430

13,992593

DF-"82

N

22

20

24

24

MS&~ 86254

YEAR

79

76

78

77

aMeans with the same letter are not significantly different.
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TABLE D-25

CORRELATIONS OF FHYTOPLANKTON DENSITIES, CHLCROPHYLLS-a -b AND -c,
PHAECPIGhENTS AND CAROTENOIDS VERSUS CHEMICAL AND PHYSICAL TARAhETERS

CANAL STATIONS 11 AND 12
ST+ LUCIE PLANT

DECEMBER 1978 - NOVEMBER 1979

Parameter
D I sso I ved

Tem erature Sa I ln I o en Nitrate N itrite Ammonia Phos hate S I I icate
Dens ity We47815a

0+0181 b

24c

E) ~ 11751
0~6025

22

0~51806
0+0135

22

-0,28236
0 1813

24

E) ~ 30188
0 1517

24

0+46686
0 0214

24

W 23454
0+ 2700

24

0,01730
0+9361

24

Chlorcphy II-a -0.54638
0+0058

24

0.03476
0,8780

22

0.57568
0+0051

22

E).26367
0 2132

24

Wo 19544
0+3601

24

0 51991
0. 0092

24

E) ~ 16586
Oe 4386

24

0+07402
0+ 7310

24

Ch I orcphy I I-b 0+26164
0+2168

24

W 34194
Oo'1193

22

W 66247
0+0008

22

0 35600
Oo0877

24

Oe 16333
0+4457

24

%+33613
Oo 1083

24

E) ~ 12998
0+5449

24

-0 06276
0~7708

24

Chlorcphy II-c "0~56233
0~0043

24—

&+03574
0+ 8745

22

0+42 173
0 0506

22

Wo 17919
0+4022

24

We 21907
0+3037

24

0,43164
0 0352

24

&.23361
0 2719

24

Oe081 58
0+7047

24

Phaeopigments

Carotenolds

Oo 12827
0+5503

24

&~60808
0 0016

24

0~07867
0,7279

22

0+04889
0+8290

22

%+38353
0.0781

22

Oo 47971
0+0239

22

0+35576
Oo0880

24

W 25190
0+2351

24

0~20561
0+3351

24

E) ~ 20845
0+ 3283

24

E) 37504
0+0709

24

0+44131
0,0309

24

W 04426
0+8373

24

13254
Oo 5370

24

0,44572
0 0290

24

Oe 03787
0+8605

24

aCorrelation coefficient.

Probability of a greater R value for the null hypothesis.

Number of observations (n).
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TABLE D-26

ACTIVE CHLOROPHYLL-a AND PHAEOPIGMENTS
ST. LUCTE PLANT

1979

Date Station

. Pi ment and De thb

Chloro h ll-a m /m3 Phaeo i ment m /m3

S B
'

S B A

17 JAN 0

1

2

3

4

5

11

12

2.34 2.83 2.59

3.06 3.29 3.18

2.06 2.29 2.17

2.53 1.69 2.11

1.80 0.96 1.38

2.85 4.51 3.68

2.88 3.77 3.33

1.36 - 1.36

1.07 1.65 1.36

0.76 0.98 0.87

1.06 1.25 1.16

0. 71 1. 29 1.00

1.06 1.73 1.39

0.58 0.55 0.57

0.79 0.74 0.,76.

1.21 - 1.21

13 FEB 0

1

2

3

4

5

11

12

1.25 2.00 1.63

3.35 2.80 3.07

1.18 1.16 1.17

0.66 0.70 0.68

0.75 0.73 0.74

0.80 1.12 0.96

2.21 2.14 2.17,
1.48 - 1.48

0.75 0.66 0.71

0.78 0.75 '0.77

0.70 0.84 0.77

0.90 0.87 0.88

0.74 0.97 0.85

1.22 1.34 1.28

0.90 1.45 1.17
'.93- 0.93

aPhaeopigment = Phaeophytin-a plus phaeophorbide-a.

bS = Surface; B = Bottom; A = Average. S and B values represent mean
of dupl icate determi nat ions.
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TABLE D-26
(continued)

ACTIVE CHLOROPHYLL-a AND PHAEOPIGMENTS
ST. LUCIE PLANT

1979

Pi ment and De thb

Chloro h ll-a m /m3 Phaeo i ment m /m3

Date Station S B . A S B A

6 APR 0

1

2'

4

5

ll
12

8. 03 7. 57

9.79 " 12.30

14.49

7.80

11. 04

14.49

4.62 5.01 4.82

6.10 4.80 5.45

6.52 7.01 6.76

5.57 5.35 5.46

5.90 6.13 6.01

ND ND

ND 0.06

ND ND

ND ND

ND 0.04

ND ND

1.74 0.68

0.30

ND

0.03

ND

ND

0. 02

ND

1.21

0.30

27 APR 0

1'

3

4

5

11

12

1.42 3.06 2.24

1.60 2.63 2.12

1.36 1.04 1.20

1.32 0.87 1.09

1.61 0.68 1.15

2.30 3.39 2.84

5.77 6.68 6.23

8.23 - 8.23

2.42 0.21 1.32

0.31 0.35 0.33

0.43 0.33 0.38

0.22 0.44 0.33

0.90 0.40 0.65

0.11 0.26 0.18

0.20 0.08 0.14

0.34 - 0.34

aPhaeopigment = Phaeophytin-a plus phaeophorbide-a.

bS = Surface; B = Bottom; A = Average. S and B values represent mean
of duplicate determinations.

cND = Not, detected.
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TABLE D-26
(cont i nued )

ACTIVE CHLOROPHYLL-a AND PHAEOP IGMENTS

ST. LUCIE PLANT
1979,

Pi ment and De th

Chloro h ll-a m /m3 Phaeo i ment m /m3

Date Station- S
'

A S B A

15 HAY 0

1

'2

3

4

5

11

12

1.37 5.38 3.37 0.75

0. 91

1.33

2.71 1.81 , 0.42

1.55 1.44 0.60

1.85, 1.30

1.31 0.87

0.73 0.67,

2. 73

0. 94

17.90

8. 01

8. 40 5. 56

3.65 2. 30

5.66 11.78

8.01

0.80

0.63

ND'.

17

4.10 2.45

1.63 1.13

1.44 0.72

0.17

1. 84 6. 79 4. 31 0. 52 3. 90 2. 21

12 JUN 0

1

2

3

4

5

11

12

1.14

0. 55

0..46 0.80

0. 55 0. 55

1. 06 1.06

0. 52 0. 56 0. 54

0.36 0.35 0.36

0.43 '. 51 0. 47

0. 76 0.61 0.68

1.14 1.82 1.48

0.49 0.46 0.47

0.41 0.54 0.47

0.31 0.47 0.39

0.'46 0.47 0.46

0.32 0.41 0.36

0.40 0.49 0.44

0. 52 0. 90 0. 71

0.64 - 0.64

aPhaeopigment =. Phaeophytin-a pl us phaeophorbide-a.

bS = Surface; B = Bottom; A = Average. S and B values represent mean
of duplicate determinations.

cND = Not. detected.
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TABLE D-26
(continued)

ACTIVE CHLOROPHYLL-a AND PHAEOP IGHENTS
ST. LUCTE PLANT

1979

Date Station

Pi ment and De thb

Chloro h ll-a m /m3 . Phaeo i ment m /m3

S B A S B A

26 JUL 0

1

2

3

4

5

11

12

0.61 1.29 0.95

1.16 1.17 1.16

0.49 1.27 0.88

0.51 1.87 1.19

0.55 1.24 0.90

0. 55 '.66 1.10

1.15 1.20 1.17

0.42 - 0.42

0.71 0.75 .

0.83 - 0. 76

0. 73

0. 80

0. 880.88

0.59 '.60 0.59

0.61 0.54 0.58

0.61 0.78 0.69

0.59 , 0.76 0.67

0.67 0.55 0.61

21 AUG 0

2

.3

1. 12 0. 83 0. 98

0.64 0.79 '.72
0. 44 0. 68 0. 56

0. 24 0. 67 0-45

0. 43 0. 60 0. 51

0.80 0.62 0.71

0.87 0.80 0.83

0.79 0.80 0.80

0.82 0.80 0.81

0.97 1.04 1.00

5 0.34 0.43 0.38

11 . 1.02 1.13 1-07

12 0.11 - 0.11

0.94, 0.97 0. 95

0.86 0. 86

0.67 0.76 0.72

aPhaeopigment ='haeophytin-a plus phaeophorbide-a.

bS = Surface; B = Bottom; A = Average. S and B values represent mean
of duplicate determinations.
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TABLE D-26
(continued)

ACTIVE CHLOROPHYLL-a AND PHAEOPIGMENTS
ST. LUCIE PLANT

1979

Date Station

Pi ment and De
thb'hloro

h 11-a m /m3 Phaeo i ment m /m

S B A — S B A

7 SEP

2 OCT

0

1

2

3

5

11

.12

0

1

2

3

5

11

12

3. 10 3. 99 3. 55

3. 78 2. 30 3. 04

2. 03

1.35

2.10

1.98

2. 15 2.09

1.91 1.63

1.87 1.99 .

1"88 1.93

2.80 3.55 3.18

0,84 '.84

2.41 1.32 1.87

2.22 1.64 1.93

1.00 0.92 0.96

0.68 0.88 0.78

0.62 0.82 0.72

1.70 0.94 1.32

1.92 1.88 1.90

1 47 - 1 47

0. 96

1. 05

0. 82

0. 59

0. 90 0.93

0.80 0.93

0.64 0.73

0.79 0.69

0.71 2.11 1.41

1.061.06

0.78 0.86 0.82

0.94 0.97 0'96

0.93 0.93 0.93

0.66 0.97 0.81

0.86 0.96 0. 91

0. 82 0. 81 0. 82

1.42 1.26 1.34

1.39 - 1.39

0.42 0.51 0.47

1.08 0.92 1.00

aPhaeopigment = Phaeophytin-a plus phaeophorbide-a.

bS = Surface; B = Bottom; A = Average'. S and B values represent mean
of duplicate determinations.
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TABLE D-26
(continued)

ACTIVE CHLOROPHYLL-a AND PHAEOPIGMENTS
ST. LUCTE PLANT

1979

Date Station

Pi ment and De thb

Chloro h ll-a m /m3 Phaeo i ment m /m

S B A S B A

30 OCT 0

1

2

3

5

ll
12

6.62

2.70c

2. 22

2. 50

7. 40 7. 01

2.79 2.74

2.43 2.33

2.99 2.74

2.48 2.68

4.14 4. 27

1. 09

2. 58

4. 21

1.09

6.99 13.55 „10.27

0. 57

0;70

1. 29

1.77 1.17

0.54 0.62

1.29

0.86 1.93 1.39

1.70 2.80 2.25

0 67c 0 84 0 75

0.83 0.5'1 0.67

0.68 0.88 0.78

. 28 NOV 0,

1

2

3

4

5

11

12

1. 73 3. 24 2. 48

2.63 1.26 1.94

1.93 1.28 1.61

1.35 1.49 1.42

1.12 1.26 1.19

1.74 2.26 2.00

2.42 1.85 2.13

0.71 - 0.71

0. 25. 0. 70 0. 48

0. 27 1. 15 0. 71

0.14 0.31 0.23

0.32 0.38 0.35

0.37 0.40 0.39

0.33 0.42 0.37

0.46 0.47 0.46

0.71 - 0.71

aPhaeopigment = Phaeophytin-a pl us phaeophorbide-a.

S = Surface; B = Bottom; A = Average. S and B values represent mean

of duplicate determinations.

cSinge determination.
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TABLE D"27

STATISTICAL COMPARISON OF CHLCROPHYLL-a
OFFSHORE SURFACE STATIONS 0 THROUCH 5

ST» LUG I E PLANT
MAROI 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

23 85»70657367

246 700»25142818

269 785,95800185

Mean s uare

3»72637277

2»84655052

Source

Year

Station

Station x Year

DF

15

Type I SS

43»44804392

36»49475296

5»76377678

F value

5»09

2 56

0»13

PR > F.

0»0021

0»0276

I»0000

DUNCAN'S MULTIPLE RANGE TEST: STAT IONSa

A Ipha level &.05

GROUPING

8 A

8 A

8 A

MEAN

2» 512889

2»054444

1»776222

1»765556

1,621333

1.335111

DF-"246

N

45

45

45

45

45

45

MS ~2» 84655

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

A I pha level =0.05

GROUPING

8 A

8 C

MEAN

2» 403500

2»051818

I 725833

I ~ 306389

DF=246

60

66

72

72

MS"-2»84655

YEAR

76

79

78

77

aMeans with the same letter are not slgnif icantly dffferent.
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TABLE D-28

STAT ISTICAL COMPARI SON OF CHLOROPHYLL-a
OFFSKCRE BOTTCH STATIONS 0 THROU% 5

ST+ LUCIE PLANT
MAR(H 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

23 131'6433288

246 1089+ 29281379

269 1220o45714667

Mean s uare

5o 70279708

4. 42801957

Source

Year

Station

Station x Year

DF

15

Type I SS

47+56691 134

62 '1206222

21 58535932

3+58

2~80

0+32

0,0145

0+0176

0+9922

F value PR > F

DUN AN'S MULTIPLE RANGE TEST: STATIONS

Alpha level=0.05

GROUPING

B A

B A

B A

MEAN

2+810889

2+805333

2. 122444

I ~ 902222

l.858444

I ~ 543333

OF~246

N

45

45

45

45

45

45

MS=4 ~ 42802

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING

A

B A

MEAN

2+548500

2.546970

2o 164306

1 ~ 528889

DF-"246

N

60'6

72

72

MS~4 ~ 42802

YEAR

76

79

78

77

aMeans with the same letter are not significantly different.

D-82



I
I

I



Regression
Error
Total

3
68
71

55.50357986
130.75444136
186.25802122

18.50119329
1.92285943

TABLE D-29

CHLOROPHYLL-a STEPWISE ANALYSISa
OFFSHORE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

SURFACE

R square = 0.29799296

DF Sum of squares Mean square F PROB>F

9.62 0.0001

~ B value - Standard error Type II SS F PROB>F

Intercept 0.00000000
R Temperature -0.38430722
R Dissolved

Oxygen -0.68465114
R Nitrite 704.16608263

0.08095048

. 0.19565270
168.07829546

43.33769299 22.54

23.54585676 12.25
33.75005400 17.55

0.0001

0.0008
0.0001

BOTTOM

R square = 0.27346375

DF Sum of squares Mean square F PROB>F

Regression
Error
Total

2
69
71

104.48904334
277.60563450
382.09467785

52.24452167 12.99 0.0001
4.02327007

B value Standard error Type II SS F PROB>F

Intercept 0.00000000
R Phosphate -171. 71112666
R Salinity -1.24192513

54. 31204764 40. 21459583
0.53864872 21.38743731

10.00
5.32

0.0023
0.0241

aThe last step to include only significant type II sums of squares was selected
.as the best model.

bThe prefix R indicates residual variance for each variable after seasonal
adjustment.
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TABLE D-30

STATISTICAL COMPARISON OF CHLOROPHYLL-a
OFFSHORE SURFACE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

5 14.06202361

66 207.34404167

71 221.40606528

Mean s uare

2.81240472

3.14157639

Source

Station

DF Type I SS

14.06202361

F value

0. 90

PR>
F'.4909

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

A

MEAN

2.787500

2.355000

2.005000

1.784167

1.735000

1.442500

DF=66

N

12

12

12

12

12

12

MS=3. 14158

STATION

aMeans with the same letter are not significantly different.
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TABLE D-31

STATISTICAL COMPARISON OF CHLOROPHYLL-a
OFFSHORE BOTTOM STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

5 30.73391250

66 363.30467500

71 394.03858750

Mean s uare

6.14678250

5.50461629

Source

Station

DF Type I SS

30.73391250

F value

1.12

PR > F

0.3603

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING . MEAN

3. 535833

3.048333

2.501667

2.196667

1-980833

1.589167

DF=66

12

i2

12

12

12

12

MS=5.50462

STATION

0

aMeans with the same letter are not significantly different.
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TABLE D-32

STATISTICAL COMPARISON OF CHLOROPHYLL-a
CANAL STATIONS ll AND 12

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares Mean s uare

Model

Error

Corrected total

22

23

5.96505104

365. 49132292

371.45637396

5.96505104

16.61324195

Source

Station

DF Type I SS

5.96505104

F value

0. 36

PR > F

0.5552

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING MEAN

4.337083

3.340000

OF=22

N

12.

12

MS=16.6132

STATION

12

aMeans with the same letter are not significantly different.

D-86



l

l
I

'4

'I

'l

l
~

4



TABLE D-33

STAT I ST ICAL COMPARI SON" OF. CHLCROPHYLL-a
CANAL STATIONS 11 AND 12

ST»'UG IE PLANT
MAR(H 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

7 148» 55966620

82 1004» 58927519

89 1153 14894139

Mean s uare

21,22280946

12 25108872

Source

Year

Stat Ion

Station x Year

DF Type I SS

96» 50805198

41 ~ 12108028

10» 93053395

F value

2.63

3»36

0»30

PR>F

0»0550

0»0706

0»8286

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

A I pha I eve l &.05

GROUPING MEAN

4,085333

2»733444

DF-"82

45

45

MS =12. 251 I

STATION

12

DUtCAN~S MULTIPLE RANGE TEST: YEARS

Alpha level=0.05

GROUPING

B A

B A

MEAN

4,544500

3»914545

3»632500

I ~ 777292

DF"-82

N

20

22

24

24

MS=12.2511

YEAR

76

79

78

77

aMeans with the same letter are not slgnlflcantly di fferent
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TABLE D-34

STATISTICAL COMPARISON OF PHAEOPIGMENT

OFFSHORE SURFACE STATIONS 0 THROUGH 5
ST. LUCIE PLANT

DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

Corrected total

66

71

11.76577500

12.15883194

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

5 0. 39305694

Mean s uare

0.07861139

0.17826932

Source

Station

DF Type I SS

0.39305694

F value

0. 44

PR > F

0.8198

DUNCAN'S MULTIPLE RANGE TEST:. STATIONS

Alpha level=0.05

GROUPING MEAN

0.740000

0.715833

0.646667

0.578333

0.577500

0.542500

DF=66

N

12

12

12

12

12

12

MS=0.178269

STATION

5,

aMeans with the same letter are not significantly different.
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TABLE D-35

STATISTICAL COMPARISON OF PHAEOPIGMENT

. OFFSHORE BOTTOM STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

5 1. 39564028

66 38.35622500

71 39.75186528

Mean s uare

0. 27912806

0.58115492

Source

Station

DF Type I SS

1.39564028

F value

0. 48

PR>F

0. 7915

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING MEAN

1.000833

0.992500

0.911667

0.792500

0.695833

0.642500

DF=66

12

12

12

12

12

12

MS=0. 581155

STATION

aMeans with the same letter are not significantly different.
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TABLE D-36

STATISTICAL COMPARISON OF PHAECPIGIENT
OFFSHCRE SURFACE STATIONS 0 THROUSI 5

STe LUCIE PLANT
MAR(H 1976 - NOVEMBER 1979

Source

ANALYSIS OF VARIANCE: STATIONS X YEARS

Mean s uareDF Sum of s uares

11+96727788

Model 23 20e51234286 0. 89184099

, Error 246 0.04864747

Corrected total 269 32.47962074

Sour.ce

Year

Station

Station x Year

DF

15'ype
I SS

19+65433549

0,44444741

0,41355997

F va lue

134'7

I +83

0,57

PR>F

0,0001

Oe 1070

0+8988

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

8'

B A

B A

MEAN

0. 291333

0,228667

0.200889

0. 195333

Oo 180444

Oo 168222

OF~246

45

45

45

45

45

45

MS=0+0486475

STATION

DUGAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING MEAN

0.684545

0+080333

0+054722

0+ 041389

OF=246

66

60

72

72

MS %~ 0486475

YEAR

79

76

77

78

aMeans with the same letter are not significantly different.
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TABLE D-37

STATISTICAL COMPARISON OF FHAECPIGhKNT
OFFSHCRE BOTTCM STATIONS 0 THROUCH 5

ST» LUG I E PLANT
MARCH 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF 'um of s uares

23 31 ~ 94858008

246 58»68898288

269 90»63756296

Mean s uare ~

1,38906870

0» 23857310

Source

Year

Station

Station x Year

DF Type I SS

3 28»25471168

5 I ~ 58371852

15 '»11014989

F value

39» 48

1»33

0»59

PR > F

0.0001

0,2521

0»8821

DU%AN'S MULTIPLE RANGE TEST: STAT IONSa

Alpha level=0.05

GROUPING MEAN

0. 500667

0»400667

0»393111

0,364889

0»287556

0,270889

DF=246

N

45

45

45

45

45

MS &»238573

STATION

4

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING MEAN

0»899091

0»408833

0» 1.12917

0» 108333

DF=246

N

66

60

72

72

MS &»238573

YEAR

79

76

77

78

aMeans with the same letter are not significantly different.
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TABLE D-38

PHAEOP IGMENT STEPWISE ANALYSISa
OFFSHORE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
DECEMBER 1978 - NOVEMBER 1979

Regression
Error
Total

1

70
71

0.88547836
10.34998809
11.23546645

0.88547836
0.14785697

SURFACE

R square = 0.07881100

DF Sum of squares Mean square F PROB>F

5.99 0.0169

B value Standard error Type II SS F PROB>F

Intercept
R Salinity

0.00000000
-0.17781363 0.07266027 0.88547836 5.99 0.0169

= BOTTOM

R square = 0.23414273

Regression
Error
Total

DF Sum of squares

3
68
71

9.30761035
30.44425492
39.75186528

B value Standard error

Mean square F

3.10253678 6.93
0.44770963

Type II SS

PROB>F

0.0004

PROB>F

Intercept
Temperature
Ammonia
Salinity

19.84064393
-0.08547664
-5.45660027
-0.47183159

0.03462506 2.72841396 6.09 0.0161
1.73882755 4.40887406 9.85 0.0025
0.16601959 3.61619449 8.08 0.0059

aThe last step to include only significant type II sums of squares was selected
as the best model.

bThe prefix R indicates residual variance for each variable after seasonal
adjustment.
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TABLE D-39

STATISTICAL COMPARISON OF PHAEOPIGMENT

CANAL STATIONS-11 AND 12
ST. LUCIE PLANT

DECEMBER 1978 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS

Source

Model

Error

Corrected total

DF

22

23

Sum of S uares

0.09690104

3.80269792

3.89959896

Mean s uare

0.09690104

0.17284991

Source

Station

DF Type I SS

0.09690104

F value

0. 56

PR)F

0. 4619

'UNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

0.899583

0.772500

DF=22

12

12

MS=0. 17285

STATION

12

aMeans with the same letter are not significantly different.
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TABLE 0<0

STATISTICAL COMPARISON OF FHAECP I GHENT
CANAL STATIONS 11 AND 12

STe LUC I E PLANT
MAR% 1976 - NOVEMBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

7 7o 56127275

82 6, 14468530

89 13,70595806

Mean s uare

1 + 08018182

0.07493519

Source

Year

Station

Station x Year

DF Type I SS

7,30655419

Oo 01950694

0. 23521 162

F va I ue

32.50

0+26

1+05

PR>F

0.0001

0+6113

0+3775

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

A I pha level=0.05

GROUPING MEAN

0,356444

Oi327000

OF<82

N

45

MS&+0749352

STATION

12

DUtCAN'S MULTIPLE RANGE TEST: YEARS

Alpha level=0.05

GROUPING MEAN

0+840227

0+223750

Oo 161250

Oo 151500

DF=82

N

22

24

24

20

MS=~ 0749352

YEAR

79

78

77

76

aMeans with the same letter are not significantly different.
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TABLE D-41

GROSS PRIMARY PRODUCTIVITY (P)a, EXTINCTION COEFFICIENT PER METER (k) AND

SURFACE RADIATION (g-cal /cm2/day)
ST. LUCIE PLANT

JANUARY-NOVEMBER 1979

Station and arameter

2 3

17 Jan . 0.17 1.03 0.24 0.88 0.20 0.72 0.18 '0.78 0.14 0.67 0.41 0.61 333

0 1 4 5 Surface
Date P k P k P k P k P k P k radiation

13 Feb 0.21 0.59 0.39 0.60 '.23 0.39 0.66 0.08 0.16 0.36 0.16 0.46 420

6 Apl 1.05 0.39 0.90 0.51 1.91 0.30 1.23 0.37 1.65 0.31 2.19 0.30 521

27 Apr

15 May

0.24 0.82 0.29 0.65'.30 0.35 0.28 0.34 0.41 0-25 0.45 0.57

0.85 0.49 0.68 0.47 0.56 0.31 0.40 0.35 — 1;37 0.39 0.77 0.29

570

654

12 Jun 0.30 0.24 0.21 0.24 0.26 0.19 0.14 0.23 0.27 0.16 0.28 0.22

26 Julb

21 Aug 0.33 0.27 0.09 0.70 0.08 0.63 0.18 0.22 0.29 0.16 0-21 0.16

7 Sep 1.16 0.14 0.53 0.33 0.42 0.21 0.26 0.26 . 0.29 0.22 0.61 0.19

602

577

596 .

586

2 Oct .0.84

30 Oct . 0.75

0.35 0-39 0.64 1.02 0.17 0.67 0.20 1.00 0.17 0.90 0.18

0.92 0.52 0.91 0.50 0.37 0.33 0.48 0.61 0.30 0.34 0.51

511

339

a
P = grams of organic carbon produced per square meter per day.

Insufficient data for calculation because of instrument failure during sampling.
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TABLE D-42

ANALYSIS OF VARIANCE FOR GROSS PRIMARY PRODUCTIVITY
OFFSHORE STATIONS 0 THROUGH 5

ST. LUCIE PLANT

JANUARY-NOVEMBER 1979a

Source

Stations

Months

Error

Total

Degrees of
freedom

45

59

Sum of
s uares

0.42168

8.58684

2.73402

11.74254

Mean
s uare

0.08434 1.39

0.95409 15.70*

0.06076

MARCH 1976-NOVEMBER 1979b

Source

Stations

Error

Total

Degrees of
freedom

230

235

Sum of
s uares

0.76457

28.41363

29.17820

Mean
s uare

0. 15291

0. 12354

1.24

aJuly 1979 results were„not available because of instrument
failure during sampling.

The following dates are not included in the analysis because
data were not available at one or more stations: March,
August, and October 1976; January, February, April, August,
and December 1977; and July 1979.

*Significant at a=0.05.

D-96



'I
I

r l
1 I

4

1

1



TABLE D&3

STAT ISTICAL COMPARISON OF BASEL INE AND
OPERAT I ONAL CHLCROPHYLL-a

SURFACE STATIONS I THROUQi 5
ST» LUCIE PLANT

1973 AND 1976 THROUGH 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s
uares'4

97, 64411787

260 764 46383652

284 862» 10795439

Mean s uare

4 '6850491

2»94024553

Source

Year

Station

Year x Station

DF

16

Type I SS

36,46897987

'3,66076842

7,51436958

F value

3» 10

4 '6
0» 16

PR > F

0,0162

0»0014

1»0000

DUI4 AN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING MEAN

2. 552281

1 ~ 693509

I ~ 674561

I ~ 546667

'
~ 252281

OF=260

N

57

57

57

57

57

MS=2»94025

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING

A B

A B

MEAN

2»348200

I ~ 9/4182

I ~ 700833

I ~ 525000

I ~ 291000

OF-"260

N

50

55

60

60

60

MS=2» 94025

YEAR

76

79

78

77

aMeans with the same letter are not slgnlf lcantly different.





TABLE D&4

STAT ISTICAL COMPARISON OF BASEL INE AND
OPERAT I ONL CHLOROPHYLL-a

BOTTOM STATIONS I THROUSI 5
STs LUC I E PLANT

1973 AND 1976 THROUCH 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

24 '10,25051997
259 1146 02181242

283 1256s 27233239

Mean s uare

4,59377167

4 ~ 42479464

Source

Year

Station

Year x Station

DF

4

16

Type I SS

35s59912670

47s 16666190

27 ~ 48473 136

F value

2+01

2s66

0.39

PR>F

Os 0933

Os0330

Os9845

DUNCAN'S MULTIPLE RANGE TEST: STATIONS

Alpha level=0.05

GROUPING

A B

A B

MEAN

2s 698070

2,361579

I ~ 91 1053

1+833333

I ~ 547321

OF=259

N

57

57

57

57

56

MS=4 ~ 42479

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARS

Alpha level&.05

GROUPING

A B

A B

MEAN

2,389400

2s 308545

2s 166102

2 162833

1+407833

DF=259

N

50

55

59

60

60

MS"-4 ~ 42479

YEAR

76

79

73

78

77

aMeans with the same letter are not slgnlf icantly different.
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E. ZOOPLANKTON

Environmental Technical Specification (3.1.B.b)

Plankton - Plankton samples will be collected
monthly. Both zooplankton and phytoplankton species
will be identified as to kind and abundance.
Chlorophyll "a" analysis will be performed as a
measure of primary productivity.

INTRODUCTION

Zooplankters are aquatic invertebrates that have limited mobility or

passively drift with water currents. Ecologically, zooplankton repre-

sents the second trophic level in an aquatic food chain and can be .

divided into two main groups: 1) holoplankters, which spend their entire

life cycle in the water column, and 2) meroplankters, which consist pre-

dominantly of larvae of benthic macroinvertebrates, who are temporary

members of the zooplankton community. Zooplankton are an integral part

of the total marine environment found near the St. Lucie Plant because

zooplankters are the major consumers of primary producers, such as

phytoplankton, and in turn provide an important food source- for larger

macroinvertebrates and fishes. Zooplankton ccmmunity canposition and

density reflect the influences of temperature, salinity, food availabil-

ity, and various other physicochemical parameters. Zooplankton popula-

tions of a nearshore environment such as that at the St. Lucie Plant are

likely to vary considerably in both space and time.
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General Effects of Power Plant 0 eration

Because of their size and limited mobility, zooplankton are easily

entrained and subjected to the effects of power plant operation.

Perturbations to the zooplankton ccmmunity may 'occur as a resul t of

entrainment in 1) power plant condenser cooling waters and 2) thermally

elevated plant discharge waters.

The effects of plant entrainment on zooplankters may include lethal

or sublethal exposure to rapid thermal elevation, mechanical stresses,

and biocides, such as chl orine. These factors can act separately or

synergistically with various other physicochemical- parameters in causing

stress to an organism. Pertinent studies on the effects of power plant

entrainment on zooplankton have demonstrated impaired swimming and

feeding capabilities, lowered resistance to predation, and increased

susceptibil ity to di sease (Mihursky and Kennedy, 1967; Coutant, 1970;

Davies et al ., 1976; Pol gar et al ., '976). Mortal ity 'of entrained

zooplankton may range from 15 to 100 percent and appears to be site

specific, depending on speci es and environmental. conditions (Marcy et

al., 1978).

The nearshore zooplankton, which potentially include the larval

stages of the vast majority of local benthic communities, are subject to

pl ant 'ntrainment. These meropl anktonic groups include larvae of

echinoderms, mol 1 uses, barnacles and decapod crustaceans (shrimp and

crabs). The impact of entrainment mortality of these larvae upon adult

popul ati ons i s important because most benthic invertebrates have sl ow
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generation time and limited spawning periods. Power plant entrainment of

these meropl ankters coul d resul t in a decrease in abundance of

recruitable larvae in the waters adjacent to the power plant (Enright,

1978). Holoplanktonic organisms, such as copepods, appendicularians and

chaetognaths have rapid generation times, and thus, potential 1 osses

attributable to plant passage would be minimized by. recruitment from

offshore communities.

The effects of entrainment on zooplankton in thermal effluent

discharges are difficult to assess because the duration and extent of

exposure is dependent on the response of the individual as well as on the
I

movement and mixing of water masses. The dissipation of waste heat into

receiving waters is a function .of its assimilative capacity. An open

coastal environment, such as that found at the St. Lucie Plant, most

likely provides rapid dissipation of waste heat over relatively short

distance and time. Thermal plume entrainment effects are therefore
H

likely to be negligible.

Effects of Other Environmental Com onents

Physical factors which potentially influence zooplankton distribu-

tion include salinity, dissolved oxygen, and temperature. The interac-

tion of zooplankton with these physical components and other biological

elements of the ecosystem may result in uneven zooplankton distribution

(i.e., patchiness). Patchiness compounds the difficulty of estimating

power plant influence on zooplankton densities and species composition.
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This section examines the composition and density of the zooplankton

community during the 1979 monitoring period at the St. Lucie Plant. The

1979 data were compared to those of previous operational phase studies

(1976-1978) and to baseline data (1972-1973) to evaluate the „potential

effects of power plant operation.

MATERIALS AND METHODS

Duplicate zooplankton samples were collected monthly at six offshore

locations (Stations 0 through 5) and in the intake and discharge canals

(Stations 11 and 12, respectively; Figure E-1). Collections were made

with 0.5-m, 202'-mesh plankton nets equipped with flowmeters to record

the volume of seawater filtered. Discrete offshore samples were

collected from surface and bottom depths by making horizontal tows for

5-minute intervals at speeds of 0.5 to 2 knots. Intake and di scharge

samples were collected by 10 minute step-oblique tows', by fishing the

nets at spaced intervals from the bottom. to the surface. Zooplankton

samples were preserved immediately after collection in a 5-percent for-

malin solution buffered to pH 7-8 with sodium borate.

For qualitative and quantitative analysis, zooplankton samples were

split with a Folsom plankton splitter and diluted to a workable volume.

Three replicate 1-ml aliquots were withdrawn with a Stempel pipette and

placed in grided counting trays for examination. Zooplankters were iden-

tified to the lowest practicable taxon.
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Zooplankters per cubic meter were cal culated by multiplying the

number of organisms in the subsample by appropriate dilution factors, and

then dividing by the volume of water filtered in cubic meters. The

volume of water filtered was calculated by:

V = ~(r2) l

where: V = Volume of water filtered, in cubic meters;

r = Radius of .net at the mouth, in meters;

1 = Distance the net is towed, in meters.

Whole zooplankton samples were retained as vouchers in a permanent

collection.

Zooplankton biomass for each station and depth was determined by the

ash-free dry weight method (EPA, 1973). Results of these determinations

were expressed as milligrams of ash-free dry weight per cubic meter of

water sampled.

The designation of damaged zooplankton was based on observation of

major structural impairment to any zooplankter.'his category was dif-

ferentiated in attempting to estimate mortal ity resul ting from pl ant

operation by comparing the number of damaged zoopl ankters between

stations. Mean percent damaged for offshore stations between January and

September 1979 ranged from 2.96 to 7.32. and was not expected to exceed

10.84 (a=0.05). Intake and discharge mean percent damaged during this

period was 2.09 and 1.47, respectively. Literature estimates of net

damage to zooplankters often exceed 10 percent and vary according to spe-
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cies and collection method. Because of the relatively small percentage
It

of damaged zoopl ankters observed at St. Luci e during the 1979

collections, discussion of damaged zooplankton will not be presented.

Statistical Procedures

«r statistical analysis, zooplankton density data were transformed

to log„ (number/m + 1), in order to reduce the effect of nonhomogeneous

variation and skewness in these data. Geometric means were also

calculated . The Statistical Analysis System (SAS; Barr et al ., 1976) was

used in . all statistical analyses. The General Linear Models (GLM)

Procedure, which provides the regression approach to analysis of

variance, was used to examine interstation and annual variation in

zooplankton density and biomass for 1979 and for all previous operational

monitoring (March 1976 through November 1978) and baseline studies (1972

through 1973). fxamples of the individual variables, class variables,

and models used are shown in Table f-1. Duncan's multiple range tests

were used to determine. which means were significantly di fferent. The

rel ationshi ps between zooplankton density and biomass and sel ected

variables were examined by means of simple correlations, using the

Correlation (CORR) Procedure, and stepwi se regression', using the maximum

R2 technique'. To eliminate seasonality from the data, variables were

sine or cosine adjusted . The residual for each parameter, after seasonal

variation had been removed, was then used in regression'nalysis to

determine whether significant relationships between variables

existed�

.

The 0.05 level of significance was used in all statistical ccmpari sons.

Because of the lag between collection of zooplankton samples and ccmple-
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tion of sample analyses, statistical analyses included data collected

through November 1979. The December data will be statistically analyzed

in the 1980 annual non-radiological report.

RESULTS AND DISCUSSION

Communit Com osition

Zooplankton composition during 1979 was similar to that observed

during previous operational phase monitoring at the St. Lucie Plant (ABI,

1977-1979). Generally, the zooplankton community was characterized by

neritic (nearshore) holoplanktonic species. Copepods, as in previous

study periods, were the dominant component of the community, comprising

70 percent of the annual mean zooplankton density at the offshore sta-

tions (Figure E-2). Paracalanus aculeatus was the dominant copepod spe-

cies and was observed during each sampling period at all stations.

Paracalanus was also the most frequently observed zooplankter in baseline

and prior operational phase studies at the St. Lucie Plant.
p

Other holoplankters which were major contributors to the zooplankton

community in 1979 include the copepods Acartia tonsa, Temora turbinata,

Oithona sp., and ~Enter ina acutifrons; the sergestid shrimp Lucifer sp.;

h pp 1 1 1 ~tlik 1 p.; d h h. Cl d

ostracod species occurred infrequently and were numerically abundant only

during brief periods.

The meroplankton community observed during 1979 collections con-

sisted largely of barnacle, mollusc, echinoderm, and decapod larvae. The

E-7
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decapods included penaeidean, craidean, and thalassinid shrimps as well

as anomuran and brachyuran crabs. Brachyuran crabs were the major

contributors to the decapod population in 1979. Meroplanktonic stages of

commercially important decapod species included the stone crab ~Meni e

mercenaria; the Cuban stone crab ~mani e nodifrons; the blue crab.

C111 p.; d h 11 hip ~Th 1" ~ . Th

commercially important decapod species have been identified in previous

collections at the St. Lucie Plant.

T d

During 1979, average 'ooplankton densities offshore ranged from

638/m in November to 6678/m3 in July (Figure E-2). Peak zooplankton

abundance of 14,157/m3 occurred at Station 1 surface in August, while the

lowest recorded density for any station was 65/m3 at Station 2 bottom in

April (Tables E-2 through E-13). These offshore dens'ities were con-

'sistent with previous collections at the St; Lucie Plant (Figure E-3);

they fall within the range of recorded densities for other Florida waters

(Grice, 1957; Owre and,Foyo, 1967; Reeve, 1970; ABI, 1979).

Zooplankton densities i'n the canals were highest in June with 13,772

and 7175 zoop»nk«rs/m3 at Stations'l and 12, respectively. Minimal

zoopl ankton abundance occurred in February for the intake station

(294/m3), and in March for the discharge station (76/m3). Annual mean

zooplankton density for the intake canal was higher in 1979 than in any

previous monitoring period at the St. Lucie Plant while that of Station

12 was greater than those'or 1977 and 1978 (Figure E-4). However, as in

E-8
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previous studies, zooplankton densities in the canals were consistently

less than those observed offshore (Figures E-4 through E-6).

Seasonal zooplankton abundance during 1979 was similar to that

during previous operational monitoring periods at the St. Lucie Plant

(Figure E-3). Peak zooplankton densities were usually observed in the

warmer summer months with variable autumn and winter-spring periods of

abundance. Fluctuations in zooplankton densities in 1979 were generally

consistent with variations in biomass (Table E-14.). Zooplankton seasona-

lity is influenced by various physicochemical parameters. Most zooplank-

ters are opportunistic organisms, having . rapid reproductive and

maturation rates that allow them to quickly take advantage of favorable

environmental conditions. Seasonal and annual fluctuations in zooplank-
ll

ton density, composition, and biomass are normal occurrences and reflect

the response of zooplankters to temporal and spacial variations in the

environment.

Differences in zooplankton densities between surface and bottom

depths in 1979 often varied among stations and between sampling dates.

However, 72 percent of the time, the average surface density was greater

than the average bottom density. This trend was not consistent with the

previous operational monitoring data where bottom zooplankton densities

were generally greater than surface densities.
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Canal Station Com arison

Zooplankton community composition at the canal stations was domi-

nated by barnacle nauplii and copepods during most of year. Peak

zooplankton densities observed in June were the result of high copepod

abundance (Table E-6). The copepods Acartia tonsa and Paracalanus

aculeatus together accounted for nearly 74 percent of the total 13,772

zooplankters/m3 at Station 11 during this period. Similar species com-

position was also observed at Station 12, although total zooplankton den-

sity between the intake and discharge canals showed a 48 percent decrease

on this date (Table E-15). Other copepod species that were frequently

observed in the canals include ~Euter ina acutifrons and Temora turbinate.

Copepod densities 'ere greatest in the months of June and July and

generally lowest during winter and spring periods. Over-al 1, copepod

densities showed an annual mean decrease of 39 percent between intake and

discharge canals during 1979.

Barnacle nauplii were collected at the intake and discharge stations

throughout the year, with highest densities occurring in April. Barnacle

nauplii comprised 24 and 34 percent of the total annual mean zooplankton

density at Stations 11 and 12, respectively, in 1979. The spawning of

resident populations of barnacles in the canals most likely was respon-

sible for fluctuations in total zooplankton abundance between stations.

and sampling dates. Barnacle naupl ii, like most zoopl ankters, exhibit

seasonal peaks in density when environmental conditions are optimal for

reproduction and growth. Patel and Crisp (1960) studied the breeding

habits of four tropical species of ci rripedes and found optimum embryo
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production between 22'nd 25'C. Water temperatures in the canals during

March and April collection .periods provided favorable reproductive con-

ditions for barnacle species (Table E-15).

r

Larval decapods and mol l uses exhibited simil ar peak abundance

periods during summer months. Decapod densities were greatest in June

and July (Tables E-7 and E-8, respectively) 'and were composed largely of

pinnotherid (pea) crabs. As with other zooplankton groups observed in

the canals, Station ll annual mean decapod densities were greater than

those at Station 12. Larvae of the blue crab Callinectes was the only

commercially important decapod speci es 'ol 1 ected in the canal s'uring

1979.

There were no significant differences in total zooplankton density

or biomass between the intake and discharge canals in 1979 or, in over-all

(1976-1979) data comparisons (Tables E-16 through E-19). Also, no signi-

ficant variability of individual groups that were important constituents

of the zooplankton community (i.e., copepods, barnacle naupl ii,
brachyuran crabs, or sergestid shrimps) were observed between canals in

1979. No significant annual variation was noted, although 1979 annual

mean densi ties were general ly greater than those of prior monitoring

years (Figure E-4). Zoopl ankton densities and biomass showed simil ar

peak periods of occurrence and were signi ficantl y correl ated to each

other at the canal stations during 1979 (Table E-20).
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Zooplankton species live within a temperature range where growth and

reproduction are optimaI, and they have upper and lower thermal limits

past which they cannot survive. Temperatures above 35'C approach maximum

lethality for all plankton (Storr, 1974). During surfer months, tropical

and subtropical zooplankton species, such as those found at St. Lucie,

may be sensitive to thermal addition because discharge water
temperatures'ften

approach or exceed upper thermal limits of ma ny zoopl a nkters

(Naylor, 1965; Drost-Hansen, 1969; Bader et'l., 1970; Reeve and Cosper,

1970; Gonzales, 1974). Discharge temperatures measured during sampling

at the St. Lucie Plant were 35'C or greater. in the 6-month period of July

through December 1979 (Table E-15). Reductions in zooplankton density

between the intake and discharge canals occurred in 75 percent of the

collections made during 1979. Reductions. were also observed in 60, 58,

and 75 percent of the collections during 1976, 1977, and 1978, respec-

tively (ABI, 1979).

Although no significant variation existed in total zooplankton den-

sities between canals, an annual 42 percent reduction in abundance

occurred between the intake and discharge stations in 1979. The effect

of plant entrainment on zooplankton is shown by density reductions in

total zoopl a nkton abundance as wel 1 as indi vidual hol opl anktonic and

meroplanktonic groups between canal s.

Offshore Station Com arisons

In July, total zooplankton densities were highest for the year with

an average offshore density of 6678/m . Fluctuations in total zooplank-

ton abundance were generally attributable to variation in total copepod
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density (Figure E-2). Copepods constituted 70 percent of the total

annual mean zooplankton density at offshore stations during 1979. Total

copepod densities at St; Lucie were highest in the sumner months with

decreasing abundance through winter (Figure E-3). The most frequently

observed copepod genera included Paracalanus, Acartia, Temora, Oithona,

Labidocera, and ~Euter ina. Paracalanus aculeatus was the duainant

zooplankton taxon col 1 ected offshore, occurring in every sampl e.

"Annually, Paracalanus accounted for over 40 percent of the total offshore

copepod community. Paracalanus is a common inhabitant of Florida waters

and occurs in both oceanic and neritic habitats.

Acartia . tonsa (previously identified as A. 'bermudensis) was the

second most frequently occurring copepod species and was often co-

dominant with Paracalanus. Youngbluth et al. (1976) found A. tonsa to be

the dominant copepod species collected in the Indian River, while Grice

(1957) observed this species 4 miles seaward of the Ft. Pierce inlet

during sumer and winter collection periods. A. tonsa is an eurythermal

and euryhaline copepod species found from the Gulf of St. Lawrence to

the Gulf of Mexico and is the dominant copepod species in many semi-

enclosed waters (Deevey, 1960). Species of Acartia and Paracalanus have

demonstrated many similarities, both in occurrence and time of greatest
4

abundance in Florida waters (Reeve, 1964).

Larvaceans were second to copepods in total zooplankton abundance.

~ldk1pp.pl 44.4p 4 k«1*pl k

observed in 1979. This genus was present year-round, occurring in over
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densities were recorded between May and August. The larval stages of

crabs and shrimp were also collected throughout the year at the offshore

stations. Decapod abundance displayed a bimodal pattern with greatest

densities occurring in March and August. Pinnotherid (pea) crabs and

portunid (swimming) crabs were the, major constituents of the decapod com-

munity in 1979. Decapod densities at Station 1 were greater than those

at'ny other station and surface densities were general'ly greater than

those at the bottom. The larval stages of the commercially important

blue crab and stone crab occurred infrequently and were not a numerically

important part of the total decapod community observed at St. Lucie.

Decapods accounted for only 2 percent of the total annual mean zooplank-

ton abundance at offshore stations.

Seasonally, other zooplankton groups were characterized by absence

or low abundance during most of the year with relatively high densities

for brief periods. The ostracod Conchoecia ~ele ans and molluscan larvae

were exemplary of thi s seasonal trend of occurrence (Figure E-2).

Seasonal fluctuations in zooplankton densities and biomass are normal

occurrences (Figure. E-3). Zooplankters respond to temporal variations in

environmental conditions through changes in community ccmposition and

abundance. Total zooplankton densities in 1979 were significantly corre-

lated with biomass and salinity at surface and bottom depths (Tables E-21

and E-22, respectively). Residual stepwi se regression analysis for

zooplankton densities showed a significant relationship with the variable

salinity at offshore surface stations. Salinity accounted for 9.2 per-
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cent of the non-seasonal variation in zooplankton abundance (Table E-23).

No other significant relationships for total density or bi omass were

observed with the variables examined (Table E-24).

Yean zooplankton densities and biomass were generally greater at

Station 1 than at other offshore locations with signficantly greater

total zooplankton abundance at Station 1 surface than at Stations 0, 2,

and 4 during 1979 (Tables E-25 through E-28). Variations in copepod and

decapod densities were not significantly different between stations but

they exhibited similar increased abundance at Station l. Increased

zooplankton density and biomass in the vicinity of -Station 1 during 1979

suggests the influence of power plant operation . However, 'ooplankton

composition between stations and depths were consistent within sampling

dates.

Results of annual interstation comparisons (1976-1979) were similar

to those observed in the previous study periods. Surface zooplankton

densities in 1979, 1978, and 1977 were significantly greater than those

observed in 1976 while bottom zooplankton densities in 1977 and 1978 were

significantly greater than those in 1976 and 1979. No significant dif-

ferences in bottom zooplankton densities or biomass between stations were

found (Tables E-29 and E-30, respectively). However, significant

variation in surface densities between stations occurred . Surface

zooplankton densities at Station 1 were significantly greater than those

at all other surface stations during the 1976-1979 study period (Table

E-31). Variations in zooplankton biomass at the surface indicated simi-
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1 ar resul ts (Table E-32). These data suggest an apparent long'erm

i nfl uence on zoopl ankton abundance 'n the vicinity of the immedi ate

discharge area as a result of St. Lucie Plant operations.

The observed'increase in total zooplankton abundance and biomass at

Station 1.surface. most likely is in respons'e to the higher food availa-

bility in the area. Total phytoplankton density during operational moni-

toring has consistently been greater at Station 1 surface than at other

offshore locations (Section D. Phytoplankton). The zooplankton community

at St. Lucie is, composed largely of herbaceous copepods and although't

is unlikely that resident populations of these organisms are found

offshore, zooplankters could emigrate into the vicinity of Station 1 to

graze on high surface phytoplankton densities. Studies on the rela-

tionships between zooplankton and phytoplankton demonstrate that stations

with increased phytoplankton abundance generally have high zooplankton

abundance. No adverse plant effects on the 'offshore zooplankton com-

munity at St. Lucie were indicated 'during 1979 or for pooled data

(1976-1979).

Baseline Versus 0 erati onal Stud Com ari sons

Basel ine zoopl ankton col 1 ecti ons were bimonthl y during the first

year (September 1971 through August 1972) and monthly the second year

(September 1972 through August 1973; Walker et al., 1979). The monthly

1972-1973 zoopl ankton data were stat i st ical 1 y compared to ope rat ional

phase data (March 1976 through November 1979) to evaluate yearly and

interstation differences in zooplankton density.





Interstation and seasonal trends

variable between and within baseline

in total zooplankton densities were

and operational studies. Over-all,

similar peak zooplankton densities occurred during the warmer summer

months, with variable winter/spring periods of production (Figures E-3

and E-7).

Zooplankton species'ollected during baseline monitoring did not
'k

differ greatly from those collected during subsequent operational moni-

toring. Hol opl anktonic species dominated the zoopl ankton ccmmunity

during most of the year. Adult copepods were the most abundant zooplank-

ton group with the calanoid Paracalanus being the dominant taxon

recorded. Paracalanus was observed in all of the baseline and opera-

tional zooplankton collections at the St. Lucie Plant. Other numerically

important copepod genera that were frequently observed during both stud-

ies include Acartia, Temora, Oithona, Labidocera and ~Euter ina.

Seasonally, other hol oplanktonic and meroplanktonic species
occurred'nfrequently

and in low densities during most of the year, beccming

numerical ly abundant in the pl ankton onl y during'rief periods.

Zooplankters that followed this seasonal trend of occurrence during all

y f f kg «. fg k f ~ak

gastr'opod, pelecypod, and echinoderm larvae the cladoceran Evadne; the

ostracod Conchoecia; and barnacle nauplii. These organisms were often

responsible for large fluctuations in total zooplankton densities between

stations and between years.

E-17
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Comparisons of baseline and operational data indicated that

zooplankton densities during 1973 and 1977 were significantly greater

than those observed in 1976 and 1979 (Table E-33). Annual mean zooplank-

ton densities between stations over all years (1973-1979) exhibited no

significant variation. However, during baseline monitoring, zooplankton

abundance was greatest at Station 5, while densities during operational

periods have cons'istently been higher at Station 1.

Annual and station differences in total zooplankton densities were

generally the result of fluctuations in abundance of various holoplank-

tonic and meroplanktonic groups (i.e., copepods, larvaceans, and mollusc

and echinoderm larvae). The trend of increased zooplankton abundance at

Station 1 from basel inc monitoring and during subsequent operational

studies, again suggests an indirect influence of St. Lucie Plant opera-

tions on the zooplankton community in the immediate di scharge area.

Zoopl a nkton community compos ition, however, has vari ed 1 ittl e between

years. No detrimental effects of power plant operations on the nearshore

zooplankton community of St. Lucie were indicated.

SUMMARY

The zooplankton community in 1979 was characterized by neritic

holoplanktonic species. Copepods, as in prior monitoring periods, were

the dominant component of the community, comprising 70 percent of the

annual mean zooplankton density at the offshore stations. Zooplankton

densities in 1979 ranged from a low of 65/m3 at Station 2 (Figure E-1)

bottom in April to 14,158/m3 at Station 1 surface in August. Seasonal
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peaks in density fluctuated between years but generally occurred during

the summer months with variable autumn and winter-spring periods of

abundance. Zooplankton community composition however has varied little
between study periods at the St. Lucie Plant.

Variations in zooplankton density and biomass between the canal sta-

tions'n 1979 or for pooled (1976-1979) data demonstrated no significant

plant entrainment effects. However, pertubations to the zooplankton com-

munity were apparent as indicated by an annual 42 percent reduction in

total zooplankton abundance between Stations 11, the intake canal, and

12, the di sc ha rge ca nal, duri ng 1979. Zoopl a nkton dens it i es in the

intake canal have consistently been greater than those of the discharge

canal during all operational monitoring years.

Mean zooplankton densities and biomass were general ly greater at

Station 1 than at other offshore stations during 1979. These findings,

combined with baseline (1972-1973) and pooled (1976-1979) results,

suggest an indirect effect of St. Lucie plant operations on the nearshore

zooplankton community. Significant increases in zooplankton densities

and biomass were observed at the immediate discharge area in comparison

to various other offshore locations. Increased zooplankton abundance in

the vicinity of Station 1 appears to be in response to high food availa-

bility (i.e., high phytoplankton density). However, increased densities

have not res ul ted in al tered zoopl a nkton community compos it ion. No

adverse plant-related effects were apparent offshore.
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TABLE E-1

EXAMPLES OF THE INDIVIDUAL VARIABLES, CLASS VARIABLES AND MODELS

USED WITH THE GENERAL LINEAR MODELS PROCEDURE

ST. LUCIE PLANT
1979

INDIVIDUALVARIABLES

Densit

Yi1

Yi1

Yi1

Yi1

(X, 2)
Station

1

1

2

2

(X3 4)
Year

A

B

A

B

(Xp)

Interce t

CLASS VARIABLES

Station Year

1 2

il i2
1 0
1 0
0 1

0 1

A B

i3 i4
1 0
0 1

1 0
0 ~ 1

For station and year effects:

MODELS

Y ~ = BpXp + B1X ~

1
+ B2X12 + B3X ~

3
+ B X.4 + Z ~

For station effects:

Yi = BpXp + BIXi1 + 82Xi2 + Zi

where: B is the respective slope
Zi is the error term
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TABLE E-2

OENSITYa AND PERCENTAGE COHPOSITION OF HAJOR ZOOPLANKTON TAXA
ST. LUCIE PLANT
17 JANUARY 1979

Taxon

UNDAHAGEO

Station and de thc

11 12 0 I 2 3 4 5

0 0 5 8 5 8 5 8 5 8 5 8 5 8

Protozoa

Coelenterata

Hollusca

Polychaeta

Crustacea
nauplii

cladocera

ostracoda

copepoda

0.0 0.0 0.0

0.0 0.0 2.6
(<I)

0.0 3.1 7.8
(1) (I)

0.0 0.0 2.6
(<I)

0,0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 D.O,

206.8 101.7 957.8
(21) (20) (87)

0.0 0.0

0.0 0.0

21.6
(I)
8.6

(<I)

94 ~ 4
(3)

5.9
(<I)

0.0 0.0

0 '

0.0

)06.7
(4)

0.0

0.0

0.0 0.0 0.0

0.0 0.0 ).I
(<I)

11.1 4.8 0.0
(I) (I)
3.7 0.0 0.0

(<I)

2.5 0.0 0.0
(<I)

0.0 0 '

0.0 0.0

1.0 23
(<I) (<I)

0.0 0.0

0.0 0.0

0.0

O.D 0.0

2495.1 2791.9
(94) (91)

0.0

2789.7
(91)

1.2 0.0 0.0
(<I)

899 ' 257.8 405.7
(82) (77) (63)

0.0 2.3
(<I)

367.8 1032.0
(76) (82)

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.2 0.0 OoO
(<I)

I ~ I 92 )0 2
(I) (I) ( I)

0.2 3.7 O.D
(<I) (<I)

0,0 14.7 0.0
(2)

0.0 0.0 0.0

02 00 '00
(<I)

80,9 689.4 889.9
(82) (71) (92)

cirripedI a

(barnacle)
naupl11 371.6 10.4

{73) {I)
0.0 10.4

(I)
16.9 5.2
(3) '1)

25.7 0.0
(3)

102.6 22.0
(11) (2)

3.1 4.7
(I) (<I)

17 ' 44.3
(4) (4)

1.0 0.0
(<I)

3.1 9.3
(I) (I)

783. 5
(78)

17.7
(I)

0.4
(<I)

5.6
(<I)

0.0 12.1
(2)

5.6 27.5
(2) (4)

0.0 25.8
(2)

deca poda 5.0
(5)

44.8
(2)

66.6
(6)

23.6
(I)
23.6
(I)

4.0
(<I)

60.6
(2)

0.0 0.0others 0.0 0.00.02,0
(<1)

0 ' 3.3
(I)

5.6
(<I)!

25.9
(I)

0.0 1.5 0.0
(<I)

Chaetognatha 3.4
(<I)

0.2
(<I)

1.6 6.6
(I) (I)
2.4 0.0

(1)

1.6 0.0
(I)

4.9
(I)

11.0
(I)

5.9
(<I)

67.3
(2)

0.0 0.0 0.0Echinodennata 0.00.00.00.0 0.0 1.2
(<I)

1.5 0.0
(<1)

1.5 0.0
(<I)

0.0 2.6
(<I)

)3.9 106.7
(3) (10)

1.5 0.0
(<I)

0.0

Chordata
urochordata 0.0 2.3

(<))

1.0 2.3
(<I) (<I)

86.7 153.7
(18) (12)

0.0 0.0

3.7
(<I)

11.9
(I)

4.9
(I)

0.0 0.0 0.0 0.2
(<I)

4.3
(<I)

fish (eggs
and larvae) 0.0 1.7

(<I)
3.6

(<I)
2.5 0.8 4.4

(<I) (<I) (I)
5.6

(<I)
0.0 11.8

(<I)

100.3
(3)

0.0

113.7
(12)

22.0
(2)

9.9
(10)

0.4
(<I)

98.7

58.0 185.7
(17) (29)

34.6
())

75.1
(7)

44.9
(2)

5.9
(I)

E99s

0.0 1.7
(<I)

Hisce)laneous 0.0 0.8 0.0
(<I)

0.0 0.00.05.9-
(<I)

977.3 962.8SUBTOTAL UNDAHAGEO 1002.2 513.2 1106.1 2650.7 3081.0 3070.2 1099,1 333 ' 646.4 481,4 1253.2

SUBTOTAL DAMAGED 2.0
(<I)

1.5 33.8
(<1) (3)

82.1
(3)

41.3
(I)

50.5
(2)

19.7
(2)

17.5 28.7
(5) (4)

11.4 23.3
(2) (2)

3.6
(4)

16.5
(2)

10.2
(I)

TOTAL UNDAHAGED
+ DAHAGEO 1004.2 514.7 1139.9 2732.8 3122.3 3120.7 1188.8 350.9 675.1 492.8 1276.5 102.3 993.8 973.0

aOenslty's-expressed In number of zooplankters per cubic meter.

bNumber 1n parentheses is percentage caxposition expressed 1n percent.

c0 ~ Oblique; 5 ~ Surface; 8 Bottom.





TABLE E-3

DENSITY AND PERCEHTAGE CDHPOSITION OF NJOR lDDPLANKTON TAXA

ST. LUCIE PLANT
13 FEBRUARY 1979

Taxon

Station and de thc

12 0 I 2 3 4 5

4 5 8 5 8 5 8 5 8
'

8 5 8

UNDAHAGEO

Protozoa

Coelenterata

Hollusca

Polychaeta

Crustacea
nauplii

cladocera

ostracoda

copepoda

0.0 12.6
(13)

0.0 0.0

5.6 1.4
(2) {I)
5.6 0.2

(2) (<I)

0.0 0.2
(<I)

0.0 0.0

0,6 0,2
(<I) (<I)

40.3 25.8
(14) (26)

0.0 0.0 6.6
(<I)

0.0 0.0 2.2
{<I)

0.0 1.7 26.3
(I) (I)

0.0 0.0 122.6
(6)

2.6 1.1 26.3
(I) (<I) (I)
D.O 0.0 0.0

0.0 0.6 2.2
(<I) (<I)

448.5 272.0 1696.8
(85) (86) (80)

0.4 0.0 0.0
(<I)

0.4 0.0 0.0
(<I)

1.1 2.6 9.2
(I) (<I) (I)
2.1 0.0 5.5

(I) (I)
0.0 0.0 D.O

0.0 0.0 0.0

0.0 5.2 9.2
(<I) (I)

0.0

18.6
(<I)

43.3
(I)
0.0

0.0

0.0

68. I
(2)

0.0

0.0

14.2
(I)
0.0

3.5
(<I)

0.0

24.8
(I)

0.0 0.0

0.0 2.0
(<I)

0.0 8.0
(I)

0.9 2.0
(<I) (<I)

1.8 12.0
(I) (I)
0.0 0.0

0.0 10.0
(I)

0.0 0.0

0.0 3.6
(I)

18.0 1.2
(I) (<I)

0.0 2,4
(<I)

9.0 0.0
(<I)

0.0 0.0

4.5 13.1
(<I) (3)

136.2 1167 ~ I 927.3 4012.6 1686 ~ 2 339.3 957.5 2571.5 444.8
(82) (92) (90) (94) (92) (89} (81} (95) (83)

cirripedia
(barnacle)

nauplii

decapoda

others

Chaetognatha

Echinodenxata

Chordata
urochordata

fish (eggs
and larvae)

Eggs

Hiscellaneous

217.0 47 '
(74) (48)

4.0 0.7
(I) (<I)

1.1 1.4
(<I) (I)

0.0 0.0

0.0 0.0

5.7 0.0
(2)

0.6 0.5
(<I) (<I)

12.5 9.7
(4) (10)

0.6 0.0
(<I)

0.0 0,0 4.4
(<I)

2.6 1.1 4.4
(I) (<I) (<I)

3.9 0.0 2.2
(I) (<I)

6.5 9.9 109.5
(I) (3) (S)

7.8 5.5 0.0
(I) (2)

48.7 14.9 26.3
(9) (5) (I)
0 ~ 0 0.0 0.0

).3 3.3 89.8
(<I) (I) (4)

3.9 6.3 4.4
(I) (2) (<I)

8 2 0 0 0 0
(5)

0.4 18.2 23.8
(<I) (I) (2)

2.3 . 0.0 0.0
(I)
Ooa 5.2 3.7

(<I) (<I) (<I)

0.0 0.0 0.0

3.2 0.0 5.5
(2) (I)

0 ' 33 ' 14 '
(<I) (3) (I)
11.0 31.3 33.0
(7) (3) <3)

0.0 0.0 0.0

12.4
(<I)

18.6
(<I)

14.2
(I)
53.0
(3)

0.0 0.0

12.4 7. I
(<I) (<I)

24.8
<I)

55.8
(I)
0.0

3.5
(<I)

21.3
(I)
0.0

0.0 7.0
(<I)

18.6 7.1
(<I) (<I)

0.0 97.9
(8)

7.2 30.0
(2) (3)

0.0 2.0
(<I)

0.9 0.0
(<I)

0.0 0.0

9.0 26.1
(<I) (5)

9.0 9.6
(<I) (2)

0.0 I.2
(<I)

4.5 0.0
(<I)

0.0 0.0

2.7 16.0
(I) (I)

~ 4.5 0.0
(I)

13.5 5.9
(I) (I)

0.0 2.4
(<I)

63.0 23.7
(2) (4)

46.0
(4)

25.3
(7)

0.0 0.0 0.0 0.0

SUBTOTAL UNDAHAGEO 293.6 100.6 525.8 316.4 2124.0 166 ' 1263 ' 1031.9 4285.2 1841.9 382.6 1183.4 2702.0 534.0

SUBTOTAL OAHAGEO 5.1 2.6
(2) (3)

5.3 9.9 43.8
(I) (3) (2)

12.5 13.0 32.9
(7) (I) (3)

55.8
<I)

21.3
(I)

6.3 20.0
<2) (2)

54.0 14.3
(2) (3}

TOTAL UNDAMAGED
> DAHAGEO 298.7 103.2 531.1 326.3 2167.8 178.9 1276.S 1064.8 4341.0 1863.2 388,9 1203.4 2756.0 548 ~ 3

aDensity is expressed in number of zooplankters per cubic meter.

btAA>er in parentheses is percentage coxposition expressed in percent.

cd ~ Oblique; 5 ~ Surface; 8 ~ Bottom.
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TABLE E-4

OENSIIYa ANO PERCENI'AGE COMPOSITION OF MAJOR ZOOPLAKKTON TAXA
ST. LUCIE PLANT
',APRIL 1979

Taxon

Station and de thc

11 12 0 I 2 3 4 5

6 6 S 8 S 8 S 8 S B S 8 5 8

UNOANAGEO

Protozoa

Coelenterate

Mollusca

Polychaeta

0.0 48.6 7.4
(64) (<I)

0.0 0.8 29.6
(I) (<I)

5.4 3.1 133.5
(I) (4) (3)

20.7 0.0 14.8
(5) (<I)

0.0 0.0 0.0 0.0

14.0 14.2 5.8 16.8
(<I) (<I) (<I) (<I)

56.4 17.0 19.0 37.2
(2) (I) (2) '2)
14.1 5.7 1.5 3 '

(<I) (<I) (<I) (<I)

0.0

12.8
(<I)

42.7
(2)

4.3
(<I)

0.0

8.6
(<I)

0.0 0.0 OoO

4.8 4.9 36.4
(<I) (<I) (<I)

0.0

4.1
(<I)

0.0

I

35 ~ I
(<I)

87.6
(2)

2.9
(<I)

2.4 0.0 9.1
(<I) (<I)

4.1 8.8
(<I) " (<I)

8.6 " 29.1 34.6 63.7" 40.8
(<I) (2) (2) (I) (2)

Crustacea
nauplii

cladocera

os'tracoda

copepoda

10.1 0.0 22.2
(2) (<I)

0.0 0.0 0.0

1.2 0.1 541.4
(<I) (<I) (13)

62.8 11.7 2202.6
(15) (15) (52)

7.0 17.1
(<I) (I)

7.0 2.8
(<I) (<I)

732.3 62.6
(26) '(4)

1366.1 857.1
(48) (51)

0.0 3.4
(<I)

0.0 0.0

0.0

0.0

14.3
(<I)

0.0

4.9 2.5 9.1
(<I) (<I) (<I)

0.0 0.0 0.0

90.4 20.3 755.9 22.8 43.6 9.9 2949.8
(11) (I) (30) , (I) (3) (<I) (54)

399.8 1147.8 1161.7 1323.4 980.5 988.0 1702.5
(48) (61) (46) '73) (65) (62) (31)

20 ' 8.8
(<I) , (<I)

0.0 0.0

183.8 2705.4
(8) (49)

1515.1 1646.0
(62) (30)

cirripedia
(barnacle)

nauplii

decapoda

others

Chaetognatha

Echinodermata

Chordata
urochordata

fish (e99s
and larvae)

E99s

Miscellaneous

188.2 7.5
(45) (10)

23 ' 1.1
(6) (I)
0.0 0.0

111.2
(3)

348.3
(8)

14 ~ 8
(<I)

14.1
(<I)

309.8
(II)

0.0

0.6 0.0
(<I)

50.3 0.0
(12)

15.4 0.0
(4)

42.0 ~ 3.2
(10) (4)

1.2, 0.1
(<I) (<I)

0.0 0.0

363.4
(9) .

147.9
(5)

7.4
(<I)

304.0
(7)

28.2
(I)

105.6
(4)

0.0 0.0

0.0 0.0 133.5 42.3
(3) (2)

37.0 11.7 47.2
(2) (I) (3)

85.4 45.4 97.9
(5) (5) (5)

0.0 5.9 0.0
(<I)

14.2 10.2 13.5
(<I) (I) (<I)

0.0 0.0 0.0

227.8 113.8 226.2
(14) (14) (12)

48.4 27 F 7 23.6
(3) (3) (1)

293.3 99.2 236.3
(17) (12) (13)

0.0 0.0 3.4
(<I)

17.1
(<I)

183.7
(7)

0,0

4.3
(<I)

4.3
(<I)

20.0 21.8
(I) (I)

105.8 128.3
(6) (9)

0.0 14.5
(<I)

5.7 31.5
(<I) (2)

0.0 0.0

94.0
(4)

'1.3 104.1
(4) (7)

213.5
. (9)

8.5
(<I)

211.1 ~ 142.8
(12) (10)

11.4 0,0
(<I)

0.0 8.6 2.4
(<I) (<I)

7.4 '8.2
(<I) (<I)

77 '
(3)

70.0
(I)

71.9
(5)

5.0
(<I)

37.1
(2)

0.0

364.1
(7)

9.1
(<I)

36.4
(<I)

0 '

143.0
(6)

4.1
(<I)

24 '
(I)
0.0

315.4
(6)

8.8
(<I)

78.8
(I)
0.0

200.6
(13)

19.8
(I)

222.9
(14)

2.5
(<I)

18.2
(<I)

154.8
(3)

0.0

106.3
(4)

151.1
(6)

0.0

157,7
(3)

166. 3

(3)

0.0

118.4 187.8 '10 ~ I
(2) (8) (4)

SUBTOTAL UNDAMAGEO 421.0 76.2 4234.1 2844.8 1682.6 830.4 1877.0 2502.8 1814.5 1510.7 1607 ' 5489.8 2462.7 5498.8

SUBTOTAL OAHAGEO 32.6 1.8 296.5
(8) (2) (7)

204.1
(7)

105.3 65 ' 101.4
(6) (8) (5)

89.5
(4)

34.3 55.5
(2) (4)

69. 4

(4)
209. 3

(4)
183.9 332.8
(7) (6)

TOTAL UNOANAGEO
+ OAHAGEO 453,6 78.0 4530.6 3048.9 1787.9 896,0 1978.4 2592,3 1848.8 1566.2 1676.5 5699.1 2646.6 5831.6

aOensity is expressed in number of zooplankters per cubic meter.

bNumber in parentheses is percentage ccmposition expressed in percent.

cd ~ Oblique; 5 ~ Surface; 8 - ~ Bottom.
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TABLE E-5

DENSITYa AND PERCENTAGE COHPOSITION OF HAJOR 200PLANKTON TAXA
ST+ LUCIE PLANT

27 APRIL 1979

Taxon

11 12

Station and de thc

0 I 2 3 4 5

5 8 5 8 S 8 S 8 S 8 S 8

UNOAHAGED

Protozoa

Coelenterate

Hollusca

Polychaeta

Crustacea
nauplii

cladocera

ostracoda

copepoda

0.0

0,0

142.6
(3)

106.9
(3)

11.9
(<I)

0.0

0.0

499 '
(12)

6 ' 0.0
(<I}

0.0 2.0
(<I)

116.0 2.0
(2) (<i)

20.5 2.0
(<I) (<i)

0.0 7.0
(<i}

0.0 3.0
(<I)

0.0 0.0

641.5 236.2
(12) (28)

0.0 0.0

8.5 6.8
(<I) (<I)

7.3 17.0
(<I) (i)

1.2 15.3
(<i)

~
(i)

46.5 20.4
(5} (2)

9.8 3.4
(I) (<I)

11.0 5.1
(I) (<I)

515.3 651.2
(57) (51)

0.0 0+0 0.0 0.0 0.0 0.0

7.8 0,0
(I)

0.5 1.8 3.6
(<i) (<i) (<i)

2.7
(<I)

10.5
(2)

3.9
(<I)

64.2
(4)

11.7
(<I)

0.9
(I)
0.9

(I)

40.0 11.0
(3) {i)
1.8 3.6

(<I) (<I)

4.0
(<I)

2.4
(<I)

9.2
(I)

11.7 0.2
(<I) (<I)

2.6
(<I)

0.0

436.0
(60)

11.7
(<I)

0.0

668.1
(39)

0.9
(I )

0.0

29.6
(46)

3.6 S.4
(<I) (<I)

0.0 1.8
{<I)

463.6 ~ 495 '
(34) (52)

2.7
(<I)

0.0

206.9
(20)

1.8 3.7 1.3
(<i) (<I) (<I)

0.8 0.0
(<I)

0.0 0.0

4.0 35.2
(I) (2)

2.4 3.9
(<I) (<i)

2.4

ISED

6
(<I) (<i)

2.4 3.9
(<I) (<I)

2.4 0.0
{<I)

0.0

1.9
(<I)

7.6
(1.1)

0.0

1.9
(<I)

11.4
(2)

0.0

163.1 759.4 343.8
(51) (38) (49)

cirripedia
(barnacle)

nauplii

decapoda

others

Chaetognatha

Echinodermata

Chordaza ~

urochordata

fish (eggs
and larvae)

E9gs

Hiscellaneous

0,0

0.0

0.0

0.0 1.0
(<I)

0.0 8.0
(<I)

0.0 2.0
(<I)

439.6 6 ' 27 '
(11) .(<I) (3)

5.9
(<i)

106.9
(3)

0.0

0.0 74.8
'(9)

20.5 443.5
(<I) (52)

0.0 0.0

2821.7 4538.4 2.0
(67) (85) (<I)

5' 20.4 37.9
(I) (<I) (5)

7 ' 64.6
(<I) (S)

28 ', 10.2
(3) (<i)

1.2 0.0
(<I)

6.1 6.8
(<i) (<I)

20.8 5.1
(2) (<I)

20.8 81.6
(2) (6)

25.8 5.1
{3) (<I)

198.3 387.6
(22) (30}

2.4 1.7
(<I) (<I)

57.8
(8)

26 '
(4)

0.0

8.8
(<I)

5.8
(<I)

0.0

2.6
(<I)

1.3
(<I)

17.5
(I)
8.8

(<I)

, 40.7
(6)

90 ~ 4

(5)

1.3
(<I)

253.8
(15)

0.0 5.8
(<I)

123 ' 560.2
(17) (33)

0.2
(<I)

1.6
(3)

0.0

0.5
(<i)

3.7 113.0
(<I) (i2)

3.6 94.7
(<I) (10)

0.0 32.8
(4)

18.2
(I)

14.5
(2)

I ~ 3

(<i)

F 6
(<I)

1.3
(<I)

6.7
(<I)

0.0, 5.5 1.8
(<I) (<i)

1.3
(<I)

2.6
(4)

101.9 56.4
(8) (6)

25. 5

(3)

14.2
(22)

134.5 1.8 178.7
(10) (<I) (17)

0.2
(<I)

5. 5 3.6
(<i) (<I)

2.7
(<i)

12.4 563.6 101.9 593.7
(19) (42) (Ii) (58)

3.2 19.6
(I) (I)
46.4 58.7

(15) {3)

0.0 0.0

13 '
(2)

126 '
(18)

0.0

9.6 31.3
(3) (2)

4.8 7.8
(2) (<I)

7.6
(I)
0.0

14.4 62.7
(5) (3)

12.0 156.6
(4) (8)

58.6
(8)

34.0
(S)

6.4 0.0
(2)

3.8
(<I)

45.6 837.7 86.9
(14) (42) (13)

SUBTOTAL UNDAMAGED 4187.8 5370.9 849.3 910.5 1281.9" 723.3 1718.5 64.7 1349. I 944.8 1031 ' 319.9 1992 .4 697 '

SUBTOTAL OAHAGEO 100.8
(2)

27.3 13.0
(I) {2)

13.4 40.8
(I) (3)

18.4
(3)

32.1
(2}

6.5
(10)

23.6 112.8
(2) (12)

29.5
(3)

48.0 42.9
(i5) (2)

47.4
(7)

TOTAL UNDAHAGED
+ DAHAGEO 4288+6 S398.2 862.3 923.9 1322.7 741.7 1750.6 71.2 1372.7 1057.6 1060.9 367.9 2035.3 744.8

aDensity is expressed in number of zooplankters per cubic meter.

bMumber in parentheses is percentage coxposition expressed in percent.

cg ~ Oblique; 5 ~ Surface; 8 ~ Bottom.
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TABLE E-6

OENSITYa AND PERCENTAGE COHPOSITIONb OF HAJOR 20DPLANKTON TAXA
ST. LUCIE PLANT

15 HAY 1979

Taxon

UNDAHAGEO

Protozoa

Coelenterata

Hollusca

Polychaeta

Crustacea
nauplii

5.9 2.7 0.0
(<I) (<I)

3.9 0.9 6.5
(<I) (<I) (<I)

4.0 8.1 6.5
(<I) (I) (<I)

9.8 0.0 0 0
(<I)

17.7 0.0 0.0
(2)

0.0 0.0

34.1 ~ 9.0
(<I) (<I)

113.6 13.4
(2) (<I)

68.1 4.5
(<I) (<I)

45.4 0.0
(<I)

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0

8.3
(<I)

4.2
(<I)

0.0

45.9
(2)

0.0

0.0

11'.5
(<I)

0.0

0.0

0.0

10.3
(<I)

7.7
(<I)

0.0

17.9
(I)

0.0 0 0 0 0 0 0

1.8 10.1 12.7
(<I) (<I) (<I)

1.8 0.0 6.3
(<I) (<I)

1.8 0.0 6.3
(<I) (<I)

0.0 60.8 0 '
(<I)

0.0

5.6
(<I)

0.0

22.3
(<I)

Station and de thc

11 12 0 I 2 3 4 5

8 8 5 8 S 8 5 8 S 8 5 8 S 8

cladocera

ostracoda

copepoda

0.0 0.0. 0.0

0.0 0.0 0.0

528.7 89.0 3363.5
(48) (15) (89)

11.4
(<I) 0.0

34.1 4 '
(<I) (<I)

5950.4 2198.1
(82) (81)

0.0

0.0

1755.9
(78)

0.0

0.0

2711.9
(87)

0.0

20.9
(<I)

0.0

0.0

0.0

7.7
(<I)

2475.5 1703.8 1359.6
(81) (79) (74)

0 ' 0.0 0.0

1.8 40.5 0.0
(<I) (<I)

906.3 5147.7 2655.5
(86) (78) (86)

0 '

695.7
(20)

2376.4
(70)

cirripedia
(barnacle)

nauplii 316.4
(29)

decapoda 27.6
(3)

471,1 0.0
(82)

1.8 19.5
(<I) (<I)

Chaetognatha 0.0

Echinodemata 5.9
(<I)

Chordata
urochordata 90.4

(8)

fish (eggs
and Iarvae) 9.8

(<I)

Eggs 76.6
(7)

Hiscellaneous 5.9
(<I)

0.0 19.5
(<I)

0.0 0.0

0.0 208.2
(6).

0.9 84.6
(<I) (2)

3.6 84.6 *-

(<I) (2)

0.0 0.0

others 0.0 0.0 0.0

0.0 0.0

284.0 44.6
(4) (2)

56.8 0.0
(<I)

0.0 8.9
(<I)

193.0 22.3
(3) (<I)

454.3 178.3
(6) (7)

0.0 142.7
(5)

11.4 89.2
(<I) (3)

22,7 0.0
(<I)

0.0

22.0
(I)
0.0

4.4
(<I)

0.0

61.8
(3)

326.4
(15)

88.2
(4)

0.0

21.9
(<I)

27.4
(<I)

0.0

20.8
(<I)

154.5
(5)

0.0

0.0 87.7
(3)

32.8
(I)

192.0
(6)

262.5
(8)

71.1
(2)

0.0

0.0

4).7
(I)
0.0

0.0 0.0

0.0 2.6 1.8
(<I) (<I)

3.8
(<I)

0.0

3.8
(<I)

0.0

12.9 7 '
(<I) (<I)

0.0 0.0

0.0 0.0

5.1 0.0
(<I)

141.3
(7)

76.4
(4)

0.0

5.1 23.1
(<I) (2)

17.9 37,2
(I) (4)

0.0 0.0

206.3 388.4 69.2
(10) '21) (7)

50.7
(<I)

1023.4
(16)

10. I
(<I)

0.0

6.3
(<I)

0.0

81.1
(I)

0.0

141.9
(2)

164. 4

(5)

0.0 145.4
(5)

3D.4
(<I)

0.0

82. 2
(3)

0.0

0.0 6.3
(<I)

0.0

100.2
(3)

0.0

0 '

89. I
(3)

33.4
(I)
50.1
(2)

0.0

SUBTOTAL UNDAHAGED 1102. 6 578. I 3792. 9 7279 ~ 3 2715. 5 2258. 7 3127 m 6 3051.5 2146.9 1835.2 1051.9 6596.7 3085.4 3383.9

SUBTOTAL DAHAGEO 15.7
(I)

TO'TAL UNDAHAGEO
+ DAHAGEO 1118.3

4.5 143.2
(I) (4)

522.4 209.6
(7) (8)

88.2
(4)

93.0
(3)

100.2
(3)

110.8
(5)

163.5 63.9
'9)(6)

101. 3
(2)

101.2
(3)

78.0
(2)

582.6 3936.1 7801.7 2925.1 2346.9 3220.6 3151.7 2257.7 1998.7 1115.8 6698.0 3186.6 3461.9

aOensity is expressed in nunber of zoopiankters per cubic meter.

bhunIber in parentheses fs percentage cosposition expressed in percent.

cO ~ Oblique; 5 Surface; 8 Dot ton.
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TABLE E-7

DENSITYa AND PERCENl'AGE COHPOSITIONb OF MAJOR ZOOPLANKTON TAXA
STo LUCIE PLANT

12 JUNE 1979

Taxon

11 12

Station.and de thc

0 I 2 3 4, 5

S 8 S 8 S 8 S 8 S 8 5 8

UNOAHAGEO

Protozoa

Coelenterata-

0.0

39.2
(<I)

31.4 4.7
(<I) (<I)

83.7 7.0
(I) (<I)

0.0 0.0

44.3 37.1
(I) (<I)

0.0 0.0

44.1 3.3
(I) (<I)

O.D

0.0

0.0

11.7
(<I)

0.0 0.0

9.8 4.7
(<I) (<I)

0.0

19.9
(I)

ZZ.I
(I)

0.0

21 '
(<I)

Hollusca 2723.0 1453.8 67.6 33.2 1242.3
{20) (20) {5) {I) (11)

617.0
(8)

122.0
(6)

56.0
(2)

351mB
(5)

29.3 , 18.7.
(I) (<I)

23.9
(I)

337. 2 191. I
(10) (4)

Polychaeta 0.0 41.9
(<I)

2.3
(<I)

0.0 0.0 44 '
(I)

0.0 0.0 Oo0 4.9
(<I)

0.0 4.0 , 0.0
(<I)

7.1
(<I)

Crustacea
nauplii 98.0'1.4

(I) (<I)
0.0 0.0 37.1

(<I)
0.0 0.0 0.0 0.0 0.0 0.0 0.0

cladocera 19.6
(<I)

0.0 0.0 0.0 0 ' 0.0 39.6
(2)

7.0
(<I)

0.0 0.0 4.7
{<I)

8.0
{<I)

132.7
(4)

7.1
(<I)

ostracoda 0.0'.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

copepoda 10461.2 4989.2 1012.9
(76) (70) (75)

2781.6 9567.5
(70) (82)

6290.8 1526.7
(80) (77)

1722.5 5382,7 1951.7 2413.7
(66) (79) (66) (88)

1751.1 2382.8 2377.4
(75) (73) (55)

c irripedi a
(barnacle)

nauplii 58.8
(<I)

94.1
(I)

0.0 44.3
(I)

37.0
(<I)

33. I
(<I)

0.0 42.0
(2)

0.0 4.9
(<I)

4.7
(<I)

4.0
(<I)

0.0 28.3
(I)

decapoda 235.1
(2)

167.6
(2)

130.6
(10)

554.0
{14)

129. 7
'(I)

396.8
(5)

82. 4

(4)
357.0
(14)

375.2
(6)

312.4
(11)

51.4
(2)

187.6
(8)

27.6 1507.4
(I) (35)

others 19.6
(<I)

0.0 2.3
{<I)

0,0 0.0 0.0 0.0 7.0
(<I)

0.0 9.8
(<I)

0 ' 0.0 0.0 0 '

Chaetognatha 0.0 10.5
(<I)

37.3
(3)

22.2
(I)

37.1
(<I)

55.1
(I)

3.3
(<I)

21.0
(I)

82m 1

(I)
14 '

(<I)
14.0
(I)

8.0
(<))

0.0 7.1
(<I)

Echinodermata 0.0 0.0 0.0 0.0 D.O 11.0
(<I)

0.0 0.0 0.0 0.0 0.0 '.0 0.0
(<I)

0.0

Chordata
urochordata 78.4

(<I)
198. 7

(3)
37.3
(3)

443.3
(11)

482 ~ I
(4)

308. 5
(4)

148.4
(7)

329.1
{13)

527 ~ 7
(8)

527.0
(18)

182 ~ I
{7)

295. 2
{13)

237.7
(7)

127.4
(3)

fish (eggs
and larvae)

E99s

Miscellaneous

39 '
(<I)

0.0

73.2
(I)
0.0

0.0 0.0 11.7
(I)
32.7
(2)

0.0

22.1
(I)

-44.3
(I)
0.0

92. 7

(I)
18.5

(<I)

0.0

0.0

33.1
(<I)

0.0

13.2
(I)
49.5
(2)

0.0

49.0
(2)

0.0

0.0

0.0

58.6
(I)
0.0

68.4
(2)

39.0
(I)
0 '

4 '
(<I)

51.3
(2)

0.0

12.0
(I)

83.0
(3)

0.0 0.0

12.0 11.1
(I) (<I)

0.0

35 '
(I)
0.0

SUBTOTAL UNDAMAGED 13772.1 7175.5 1346.4 3989.3 11681. I 7833.6 1988.4 2590.6 6789.8 2971.8 2750.0 2333.7 3256 ' 4316 '

SUBTOTAL CAHAGEO 137.1
(I)

167.4
{2)

39.7
(3)

432.2
(11)

259 ~ 6
(2)

495.8
(6)

89.0
{4)

231.1
(9)

691.9 283.0
(10) (10)

60.7
(2)

103.7
(4)

88.5 141.7
(3) {3)

TOTAL UNDAMAGED
+ DAMAGED 13909.2 7342.9 1386. I 4421. 5 11940. 7 8329 ~ 4 2077. 4 2821. 7 7481. 7 3254.8 2810 ~ 7 2437 ~ 4 3344.9 4458: 3

aDensity is expressed in number of zooplankters per cubic meter.

bNumber in parentheses is percentage composition expressed in percent.

cg ~ Oblique; 5 ~ Surface; 8 ~ Bottom.
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TABLE E-8

DENSITY AND PERCENTAGE CONPOSITIOIP OF HAJOR ZOOPLANKTON TAXA
ST. LUCIE PLANT

26 JULY 1979

Taxon

Station and de thc

11 12 0 I 2 3 4 5

6 5 8 5
'

S 8 5 8 5 8 5 8

UNDANAGEO

Protozoa

Coelenterata

Nollusca

Polychaeta

Crustacea
naupl11

cladocera

ostracoda

4.3 4.3
(<I) (<I)

13.0 8.6
(<I) (<I)

177.5 25.9
(7) (<I)

64.9 25.8
(3) (<I)

116.9 129.4
(S) (S)

91.0 8.6
(4) (<I)

0.0 0.0

OoO

23.0
(<I)

34.4
(<I)

23.0
(<I)

0.0

34.4
(<I)

0.0

0.0 6.7 0.0
(<I)

10.6 6.7 13.7
(<I) (<I) (<I)

42.4 101.2 54.9
(<I) (3) (<I)

0.0 81.0 27.5
(2) (<I)

0.0 33.7 96.1
(<I) (I)

10.6 74.2 192.1
(<I) (2) (2)

0.0 0.0 13.7
(<I)

6.7
(<I)

0.0

0.0

13.4
(<I)

0.0

53.5
. (2).

0.0

0.0 0.0 0.0 20.9
(<I)

0 '

0.0

38.4
(<I)

10.4
(<I)

20.9
(<I)

16.7
(<I)

16 '
(<I)

29.7
(<I)

0.0 102.3
(I)

10.4
(<I)

50.1
(<I)

9.9
(<I)

0.0 25.6
(<I)

0 ~ 0 183.7
(2)

128.5
(2)

0.0

116. 6
(2)

0.0

524.2
(7)

25. 6
(<I)

135.6
(2)

0.0

484.2
(5)

0 '

0.0 0.0

29.7 23.3
(<I) (<I)

0.0

12.8
(<I)

0.0

0.0

0.0

433.5
(S)

0.0

0.0

10.0
(<I)

19.9
(<I)

10.0
(<I)

29.9
(<I)

69o7
(I)
10,0

(<I)

copepoda 796.4 1483.9 5762.9
(31) (52) (84)

6218.7 2773.5 6286.3 3144.4
(85) (73) (76) (90)

4240.7 6728.7 6341.6 5589.1
(81) (90) (82) (84)

7246.4 7345.1 4138.7
(78) (82) (83)

c irr1pedi a
(barnacle)

nauplii

decapoda

675 ~ 2
(26)

138. 6
(5)

509.0
(18)

142.3
(5)

11.5
(<I)

126.2
(2)

10.6 20.2
(<I) (<I)

201.4 209. I
(3) (6)

41.2
(<I)

521.5
(6)

0.0

20.1
(<I)

9.9
(<I)

306.6
(6)

11 ~ 7

(<I)
217.6

(3)

0.0 12.8
(<I)

0.0

0.0

0.0

267.2
(3)

0 '

12.8
(<I)

19.9
(<I)

219 ~ 4

(4)

others

Chaetognatha

Echinodermata

Chordata
urochordata

fish (eggs
and larvae)

Eggs

Niscellaneous

4.3
(<I)

13.0
(<I)

51.9
(2)

26 '
(I)

0.0

398.2
(16)

4.3
(<I)

0.0

4.3
(<I)

34.4
(<I)

34.4
(<I)

0.0 218.1
(3)

0.0

500.4
(18)

0.0

103.3
(2)

459.2
(7)

0.0

0.0 0.0 21.2 6.7
(<I) (<I)

74.1 20.2
(I) (<I)

211.9 6.7
(3) (<I)

286.1 135.0
(4) (4)

0.0 47.2
(I)

264.9 303.7
(4) (8)

0.0 0.0,

13.7
(<I)

27. 5
(<I)

27.5
(<I)

439,2
(5)

0.0

507.8
(6)

0.0

0.0

13.4
(<I)

0.0

46.8
(I)

113.8
(3)

66.9
(2)

0.0

0,0

29.7
(<I)

118.6
(2)

177.9
(3)

69.2
(I)

108.7
(2)

0.0

0.0

23.3
(<I)

0.0

25.6
(<I)

10.4
(<I)

0.0

46. 7

(<I)
281. 3

(4)
260.7

(4)

279.9
(4)

51.2 187.7
(<I) (3)

209. 9
(4)

0.0

76.7
(I)
0.0

323.2
(S)

10.4
(<I)

0.0 25.6 41.7
(<I) (<I)

16.7
(<I)

33.4
(<I)

150.3
(2)

500.9
(5)

33.4
(<I)

333.9
(4)

0.0

0.0 10.0
(<I)

76.5
(<I)

19.9
(<I)

0.0 149.6
(3)

25.5
(<I)

159.6
(3)

803.4
(9)

10.0
(<I)

216.8 139.6
(2) . (3)

0.00.0

SUBTOTAL UNDAHAGEO 2575.5 2842.5 6864.8 7352.5 3825 ' 8262.7 3479.0 5259.1 7440.1 7748.5 6621.4 9333.6 8926.4 5016 '

SUBTOTAL CAHAGEO 125.5
(S)

73.2
(3)

183. 7

(3)
190.8 67.3
(3) (2)

288.1
(3)

100.4 454.9
(31 (8)

128 '
(2)

281.4 146.0
(4) (2)

250.5
(3)

204.1
(2)

229. 5
(4)

TOTAL UNDANAGEO
+ DANAGEO 2701.0 2915.7 7048.5 7543.3 3893.1 8550.8 3579.4 5714.0 7568.4 8029 ~ 9 6767 ' 9584.1 9130.5 5245 '

aDensity is expressed in number of zooplankters per cubic eeter.

Number in parentheses is percentage ctxxposition expressed in percent,

cp ~ Oblique; 5 ~ Surface; 8 Bottom.
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TABLE E-9

DENSITYa ANO PERCENTAGE COHPOSITIONb OF MAJOR ZOOPLANKTON TAXA

ST. IUCIE PLANT
21 AUGUST 1979

Taxon

» 12

Statfon and de thc

0 I 2 3 4 5

5 8 S 8 5 8 5 8 5 8 5 8

UNOAHAGEO

Protozoa

Coelenterate

Ho»usca

Polychaeta

C'rustacea
nauplll

cladocera

ostracoda

copepoda

0.0

0.0

4597 '
(96)

0.0

1.4
(<I)

0.0

0.0

62.0 104.9 3624.1
(I) (24) (72)

845. 8
(29)

3.1 15.8 0.0
(<I) (<I)

0.0 213.7 56.1
(4) (2)

221,4 822.8 601.4
(51) (16) (21)

0.0 7.9 9.9
(<I) (<I)

3.1 23.7 3.3
(I) (<I) (<,I)

1.5 182.0 »2.4
(<I) (4) (4)

0.0 0.0 0.0

17.5
(<I)

5.7
(<I)

8907 '
(63)

0.0

974.8
(31)

».4
(<I)

17.5
(<I)

140.0
(I)
0.0

22.8
(<I)

45.6
(I)
0.0

4165.0
(29)

1618 '
(51)

17.5 5.7
(<I) . (<I)

1238. 3

(62)
363 '
(29)

675.4
(38)

8.1 0.0 0.0
(<I)

20.2 27.2 3,3
(I) (2) (<I)

238 F 7 128.7 270.2
(12) (10) (15)

0.0 2.5 3.3
(<I) (<I)

0.0 7.4 0.0
(<I)

271.1 442.6 309.7
(14) (36) (18)

0.0 0;0 0.0

0.0 6.1
(<I)

7.4 12.1
(I) (<I)

81.0 88.3
(») (5)

0 ~ 0 0.0

'1.9 0.0
(<I)

90.4 109.7
(12) (7)

0.0 0.0

352.2 959.8
(48) (57)

0.0 5.6 7.6
(<I) (<I)

47.7 ».2 60.5
(3) (<I) (4)

157.2 683.8 103 '
(9) (21) (7)

0.0 0.0 0.0

583,9 1793 ~ 6
(34) (54)

665.4
(45)

0.0 33.6 0.0
(I)

583.9 448o4 357.8
(34) (14) (24)

0.0 0.0 OoO

c lrrlpedi a
(barnacle)

nauplll

decapoda

others

Chaetognatha

Echlnodermata

Chordata
urochordata

fish (eggs
and larvae)

E99s

Hlseel laneous

7 ~ I
(<I)

16.8
(<I)

1.4
(<I)

1.4
(<I)

0.0

1.4
(<I)

0.0

0.0

83.2
(2)

81.2 0.0
(19)

8.5 )5.8
(2) (<I)

2.3 0.0
(<I)

0.0 87.0
(2)

0.0 7.9
(<I)

1.5 31.6
(<I) (<I)

0.0 31.6
(<I)

2.3 0.0
(<I)

2.3 7.9
(<I) (<I)

13.2
(<I)

270.8
(9)

3.3
(<I)

17.5
(<I)

595.0
(4)

17.5
(<I)

».4
(<I)

313.5
(10)

5.7
(<I)

85.9
(3)

720. 3
(2S)

17.5
(<I)

17.1
(<I)

181.7
(6)

122.5
(<I)

28.5
(<I)

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 ».4
(<I)

122.5 ~ 74.1
(<I) (2)

0.0 2.5
(<I)

0.0

129.5
(7)

0.0

9.9
(<I)

64.3
(5)

2.5
(<I)

44.5
(2)

47. 0
(4)

0.0 0.0

0.0 0.0

0.0 7.5
(<I)

36.4, 131.0
(2) (»)

0.0

72 ~ 5
(4)

0.0

168. 0
(10)

0.0

253.7
(14)

3.3
(<I)

3.3
(<I)

0.0

0.0 0.0

143.0 30. 5
(19) (2)

».3 3.0
(2) (<I)

».2
(<I)

218.8
(13)

2.8
(<I)

0.0 0 ' 5 '
(<I)

» .3 323.0
(2) (19)

7.5 0 '
(I)
0.0 0.0

44.9
(3)

0.0

0.0

0.0 0.0 2.8
(<I)

30.1 158.4 61.7
(4) (9) * (4)

OeO

100.8
(3)

0.0

»2.1
(3)

5.6
(<I)

61.6
(2)

50.4
(2)

0.0

0.0

7,6
(<I)

156.2
(»)

5.0
(<I)

55.4
(4)

10.1
(<I)

42.8
(3)

0.0

0 '

5 '
(<I)

SUBTOTAL UNOAHAGEO 4771. 8 432. I 5071.8 2904. I 14157. 5 3146 ~ 6 1986. 8 1236 ~ 6 1762. 7 736. I 1690.9 1720. 5 3306. 7 1476. 7

SUB'TOTAL OAHAGED 4.2
(<I)

1.6 87.0
(<I) (2)

122.1
(4)

192. 5

(I)
51.3
(2)

84. 9
(4)

»3.8
(8)

66 '
(4)

»4.7 94 '
(.14) (5)

137 ~ 3
(7)

2 18'
(6)

93. 2
(6)

TOTAL UNOAHAGEO
+ OAHAGED 4776.0 433.7 5158.8 3026.2 14350.0 3197.9 2071.7 1350.4 1828 ~ 7 850.8 1785.3 1857mB 3525 3 1569.9

aDenslty ls expressed In number of zooplankters per cub(c meter.

bNumber ln parentheses is percentage ccmpositlon expressed in percent.

cB ~ Oblique; S ~ Surface; 8 Bottom.
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TABLE E-10

DENSITYa AND PERCENTAGE COHPOSITIONb OF HMOR ZOOPLANKTON TAXA

ST. LUCIE PLANT
7 SEPTEHBER 1979

Taxon

11 12

Station and de thc

0 I 2 3 4 5

5 8 5 8 5 8 5 8 5 8 5 8

UNDAHAGED

Protozoa

Coelenterate

Hollusca

Polychaeta

Crustacea
nauplii

cl adoc era

ostracoda

copepoda

OoO

0.0

144.0
(7)

27.6
(I)

9.2
(<I)

0.0

0.0

1230.9
(57)

2.9 0.0
(<I)

0.0 0.0

45.4 2.3
(4) (<I)

7.3 9.1
(<I) (<I)

5.9 0.0
(<I)

0.0 0.0

0.0 0.0

640.9 1116.2
(62) (85)

0.0

1.7
(<I)

22.2
'2)

2202
(2)

0.0

0.0

1.7
(<I)

723.6
(79)

22.8
(<I)

30.4
(<I)

99.0
(2)

83. 7

(2)

38.1
(<I)

0.0

0.0

3587.1
(75)

0.0 0.0

0.0

6.0
(<I)

60.4
(2)

1.9
(<I)

7.5
(I)
18.9
(3)

18.1
(<I)

0.0

3.8
(<I)

0.0

6.0
(<I)

0.0

2330.6 259.7
(81) (45)

0.0 1.2 0.2 0.0
(<I) (<I)

0 ~ 0 2.5
(<I)

0.0 9.7
(2)

0.6 7.4
(<I) (<I).

0.0 0.0

5.2 2.5
(2) (<I)

125.7 524.4
(48) (61)

0.7 2.9
(<I) (<I)

0.0 0.0

1.5 0.0
(I)
79.9 196 '

(51) (41)

4.1 9.9 2.0 5.8
(2) (I) (I) (I)

1.2 29 ' 0.2 31.9
(<I) (4) (<I) (7)

0.0 0.0 0.0

2.8 4 ' 2,8
(<I) (<I) (<I)

7.4 14.6 7.5
(I) (<I) (2)

2.8 18 ' 3,8
(<I) .(I) (<I)

2.8 2.1 1.9
(<I) (<I) (<I)

0.0 0.0 0.0

3.7 0.0 0.0
(<I)

311:4 1370 ' 209.0
(53) (82) (50)

c 1rripedi a

(barnacle)
nauplii

decapoda

others

468.5
(22)

76.7
(4)

3.1
(<I)

92.4 0.0
(9)

85.1 4.6
(8) (<I)

5.9 0.0
(<I)

22 '
(2)

42.7
(5)

1.7
(<I)

342.7
(7)

190.3
(4)

7.6
(<I)

96.6
(3)

0.0

229.3 39.7
(8) (7)

12. I
(<I)

0.0

Chaetognatha

Echinodereata

0.0 1.5 9.1
(<I) (<I)

,0.0 3.0 2.3
(<I) (<I)

5.1
(<I)

0.0

15.2
(<I)

0.0

24.1
(<I)

6.0
(<I)

2.8
(<I)

5.7
(I)

Chordata
urochordata

fish (eggs
and larvae)

Eggs

24.5
(I)

0.0

196.0
(9)

1.5 11.4
(<I) (<I)

0.0 20.4
(2),

149.6 142.9
(14) (11)

8.5
(<I)

1.7
(<I)

61.4
(7)

76.1
(2)

45.6
(I)

243.7
(5)

12.1
(<I)

0.0

84.5
(3)

96.3
(17)

50.0
(9)

95.4
(16)

Hiscellaneous 0.0 0.0 0.0 0.0 0.0 0.0 0.9
(<I)

582. 6 ~SUBTOTAL UNDAHAGED 2180.5 1041.4 1318.3 914.7 4782.3 2885.8

7 ' 0.0
(3)

16.3 65.7
(6) (8)

0.0 0.0

3.5 3.7
(I) (<I)

0.6 ,3.7
(<I) (<I)

16.8 23.6
(6) (3)

1.7 26.0
(<I) (3)

81.1 151.2
(31) (18)

0.0 3 '
(<I)

1.0 1.9
(<I) (<I)

8.2 25.2
(5) (5)

0 ' 0.0

0 ' 2.9
(<I) (<I)

0.5 5.8
(<I) (I)

9.0 50.2
(6) (11)

0 ' 17.4
(<I) (4)

51.0 126.5
(33) (27)

0.2 1.0
(<I) (<I)

11.2 4.2 9.5
(2) (<I) (2)

41.8 54 ' 39.6
(7) (3) (10)

1.8 2.1 0 ~ 0

(<I) (<I)

3.7 2.1 2.8
(<I) (<I) (<I)

0.9 2.1 0.9
(<I) (<I) (<I)

19.6 18 ' 22.8
(3) ( I) (6)

4.7 14.6 6.6
(<I) (<I) (2)

172.9 173 ' 108.3
(29) (10) (26)

0.0 0.0 0.0

263.8 855.2 155 ' 477.2 587.5 1681.9 415.5

SUBTOTAL OAHAGED

TOTAL UNDAHAGED
+ DAHAGED

6.2
(<I)

5.9 29 ~ 4

(<I) (2)
17. 0
(2)

106. 5 '08. 6
(2) (4)

63.1
(10)

14.6 35.9
(5) (4)

16.9 46.5
(10) (9)

15.8 14.7 21.7
(3) (<1) (5)

2186 ' 1047.3 1347 ' 931.7 4888.8 2994 ' 645 ' 278.4 891.1 172 ' 523 ' 603 ' 1696e6 437.2

aDensity is expressed in number of zooplankters per cubic meter.

bNumber ln parentheses Is percentage composition expressed in percent.

cd ~ Oblique; 5 ~ Surface; 8 ~ Bottom.
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TABLE E-11

OENSITYa AND PERCENTAGE COHPOSITIONb OF HAJOR ZOOPLANKTON TAXA
ST. I.UCIE PLANT
2 OCTOBER 1979

Taxon

Station and de thc

11 12 0 I 2 3 4 5

8 8 S - 8 S 8 5 8 S 8 5 8 5 8

UNDAMAGED

Protozoa

Coelenterata

Mollusca

Polychaeta

2 ' 1.2 0.0
(<I) (<I)

0.0 0.0 0.0

72.3 46.5 17.5
(19) (6) (<I)

0.0 0.0 0.0

0.0 0.0

1.7 15 '
(<I) (<I)

22.5 240.2
(3) (6)

0.0 5.0
(<I)

15.2 4 ' 0.0 0.0
(<I) (<I)

12.1 0.0 4.7 0.0
(<I) (I)
124.3 4.2 19.4 12.1

(8) (<I) (4) (<I)

0.0 8.5 0.0 0.0
(<I)

0.0 0.0

9.3 4.3
(2) «I)
9.4 4.3

(2) (<I)

1.3 0.0
(<I)

0.0 0.0 0.0

2.6 0.0 IeO
(I) (<I)

5.2 5.5 I2eO
(3) (<I) (6)

0 ' 0.0 0.0
(<I)

Crustacea
nauplll

cladocera 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0

0.0 0.0 3.1 0.0 1.3 0.0
(<I) (<I)

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0 '

ostl acoda 0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 '

copepoda 182.1 353.3 2233.0 191.8
(47) (47) (69) (27)

3026.5
(73)

976.4 2272.4 103:9 4019.9 253.1 2215.0
(61) (87) (24) (79) (47) (87)

63.4 652.7 92.7
(32) (75) (45)

clrrlpad la
(barnacle)

nauplll

decapoda

others

Chaetognatha

Echinodermata

urocho rda ta

5.9
(2)

1.6
(<I)

1.7
(<I)

1.7
(<I)

0.8
(<I)

0.8
(<I)

26.7 0.0
(4)

3.5 10.5
(<I) (<I)

8.2 0.0
(I)
0.0 48.8

(2)

0.0 0.0

0.0

67.5
(10)

1.7
(<I)

8.7
(I)
0.0

1.2 3.5 , 3.4
(<I) (<I) (<I)

40.0
(I)

110.0
(3)

10.0
(<I)

25.0
(<I)

40.0
(I)

21.2
(I )

145.6
(9)

18.2
(I)
18.2
(I)
12.1

(<I)

0.0 12.1
«I)

0.0

12.7
(<I)

0.0

0.0

0.0

0.0

47.2
(11)

36.3 79.8 4.3
(<I) (15) (<I)

2.3'<I)

3eg
(<I)

2.3
(<I)

7.0
(2)

0.0

42.4
(<I)

0.0

205. 9
(4)

2.6 0 ~ 0
(<I)

8.0 21.6
(2) (<I)

0.0 0.0

54.3 4.3
(10) (<I)

0.0 0.0 . 0.0 0.0 0 '

9.8
(5)

0.0

4.3
(2)

0.0

4.3
(2)

0.0 0 '

19.6 19,3
(2) (9)

1.1 2.3
(<I) (I)

6.5 2.4
(<I) (I)

0.0 0.0

3.3 2.9
(<I) (I)

fish (eggs
and larvae)

E99s

Hi sce) laneous

0.0

122. 3
(31)

0.0

0.0 0.0

302. 2 910. 7

(41) (28)

'2.3 0.0
(<I)

0.0

411.3
(58)

0.0

0.0

625.3
(15)

10.0
(<I)

0.0

242. 6
(15)

3.0
(<I)

0.0

313.1
(12)

0.0

0.0

247,3
(56)

0.0

6.1
(<I)

750.7
(15)

1.3 0.0
(<I)

115.3 307 '
(22) (12)

0.0 0 ~ 0 0.0

0.4
(<I)

105.6
(54)

0 '

0.0 0.0

181.7 75.8
(21) (36)

0.0 0 ~ 0

SUBTOTAL UNDAMAGED

SUBTOTAL DAMAGED

391. 7

13.3
(3)

4.7 52 '
(<I) (2)

22.4 35.0
(3) '<I) 36.3

(2)
38.1
(I)

14.1
(3)

151.4
(3)

31.9 17.4
(6) (<I)

13.8
(7)

13.1 15.9
(2) (7)

745.1 3224.0 708.6 4147.0 1601.0 2615.1 441.1 5073.4 535.7 2560.9 196.0 870.4 208.4

TOTAL UNDANAGED
+ DAMAGED 405.0 749.8 3276 ' 731.0 4182.0 1637.3 2653 ' 455.2 5224.8 567.6 2578.3 209.8 883 ' 224 '

aDenslty ls expressed ln nunber of zooplankters per cubic aeter.

bhueber ln parentheses ls percentage cceposition expressed in percent.

c6 ~ Oblique; 5 Surface; 8 ~ Bottoo.



TABLE E-12

OENSI'lY AND PERCENTAGE COMPOSITION OF MAJOR ZOOPLANKTON TAXA
ST. LUCIE PLANT
30 OCTCBER 1979

Taxon

Station and de thc

11 12 0 I 2 3 4 5

D H S. 8 S 8 5 8 5 8 5 8 5 8

UNDAMAGED

Protozoa

Coelenterata

Hollusca

Polychaeta

Crustacea
nauplii

cladocera

ostracoda

I ~ 3 0.0 0.0
(<I)

1.3 0.0 4.0
(<I) (<I)

8.3 1.1 8.1
(<I ) (<I), (<I )

4.5 0.0 44.4
(<I) (2)

18.0 2.3 319 '
(<I) (<I) (IZ)

0.0 0.0 0.0

0.0 0.0 " 0.0

0.0 0.0

0.0 0.0 '.0
4.6 30.1

(<I) (I)
2.3 11.3

(<I) (<I)

53.8
(I)
0.0

D.O 0.0 0.0

2.8 3.0 11.8
(<I) (I) (I)
46.5 0.6 4.4
(5) (<I) (<I)

1.2 0.0 0.0
(<I)

15.7 2.7 2.8
(3) (<I) (<I)

0.0 4.0 0.0
(<I)

4.6 37.6
(2)

0.0 0.0

0.0 0.0

20.2
(<I)

0.0

0.0

139 ' 4.2 0.0
(14) (2)

0.0 0.0 0.0

0.0 0.0 0.0

0.0 66.1 7.5
(7) (2)

0.0 6.6 0.9
(<I) (<I)

0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0 ' 0.0 0.0 0.0

0 ~ 0 0.0

3.7 1.3
(<I) (I)
36.0 0.4
(4) (<I)

186.0 0,0
(22)

0.0 0 '

0.0 0 '

copepoda 228.6 194.8 1770.0 1205.9 1843.0 4026.0
(8) (32) (67) (88) (84) (92)

429.2 156.8 463.2 249.1 602.6
(41) (61) (54) (42) (64)

'44.4 213.4 89.6
(68) (25) (70)

c irripedi a
(barnacle)

nauplii

decapoda

others

Chaetognatha

Echfnodereata

urochordata

fish (eggs
and Iarvae)

2474.9
(89)

398.8 32.3
(65) (I)

3.2
(<I)

10.3
(<I)

0.0

5.1
(<I)

0.0

4.6 0.0
(<I)

0.0 173.7
(7)

0.0 28.3
(I)

5.7 194.0
(<I) (7)

0.0 0.0

20.5 7.9 28 '
(<I) (I) (I)

4.6
(<I)

60.1
(4)

4.6
(<I)

11.5
(<I)

3.8
(<I)

56. 4

(3)

0.0

33.9
(2)

0.0 0.0

16.2 135.4
(I) (6)

34.6 33.9
(3) (2)

6.7
(<I)

67.3
(2)

13.5
(<I)

154 ~ 9
(4)

0.0

10.9
(I)
28.6
(3)

0.0

73.8
(7)

49.2
(5)

0.0 0.0

26.9 , 221.5
(<I) (21)

17.5
(7)

9.0
(4)

13.3
(5)

22.1
(3)

155.9
(18)

25.0
(3)

0.0 1.5
(<I)

6.0 13.3
(2) (2)

23.6 114.8
(9) (13)

0.0 0.0

12.1 9.2
(2) (I)

106.7 31.8
(LB) (3)

1.2 0.0
(<I)

21.9 62.1
(4) (7)

128.8 26.4
(22) (3)

19.4 103.1
(3) (11)

0.0 0.0

12.3 2.5 0 '
(2) (<I) (<I)

35.7 14.8 11.5
(7) (2) (9)

0.0 0.0 0.4
(<I)

34.8 49.6 3.1
(7) (6) (2)

8.4 81.8 6.7
(2) (10) (5)

26.4 236.9 1.3
(5) (28) (I)

0.0 0.0 0.0

Eggs

Hiscellaneous

1.3
(<I)

2.6
(<I)

1.1 20.2
(<I) (<I)

0.0 '.0
(<I)

16.2
(I)
0.0

28.7
(3)

3.8
(<I)

13.5, 5.5
(<I) (<I)

11.3 13.5
(<I) (<I)

23.6
(9)

0.6
(<I)

44.1
(5)

1.5
(<I)

30.4 22.5
(5) (2)

1.2 0.0
(<I)

33.0 14.9 13.8
(7) (2) (11)

0.9 0.0 OeO

(<I)

SUBTOTAL UNDAMAGED 2779.9 616.3 2626.4 1365.2 2200.5 4396 ' 1036.1 258.2 857.6 587.7 937. I 507. I 839 ~ 6 129 0

SUBTOTAL DAMAGED 7.6
(<I)

14.8 36.3
(2) (I)

25. 4

(2)
86.5
(4)

94. 2
(2)

24.7
(2)

5.4 13.3
(2) . (2)

4.8 17.2
(I) (2)

17.8 13.6 4.4
(3) (2) (3)

TOTAL UNDAMAGED
+ DAMAGE'0 2787.5 631.1 2662.7 1390.6 2287.0 4490 ' 1060.8 263.6 870.9 592.5 954.3 524.9 853 ~ 2 133.4

aDensity Is expressed in number of zooplankters per cubic meter.

bHumber in parentheses is percentage ccmposition expressed in percent.

cg ~ Oblique; 5 ~ Surface; 8 ~ Bottom.
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TABLE E-13

OENSITYa AND PERCENTAGE COHPOSITION OF HAJOR ZOOPLANTON TAXA
ST. LUCIE PLANT
28 NOVEHBER 1979

Taxon

Station and de thc

11 12 0 I 2 3 4 5

0 0 S 8 5 8 5 8 5 8 5 8 5 8

UNDAMAGED

Protozoa 0.7 0.6 0.5 0.0
(<I) (<I) (<I)

3.0
(<I)

1.2
(<I)

0.0 0.0 D.O 0.0 0.0 " 0.0 0.0 0,0

Coelenterata

Hollusca

Pol ychaeta

0.0 0.0 2.7 1.2
(I) (<I)

3.7 0.2 0.0 2.4
(<I) (<I) (<I)

3.0 0.4 1.1 13.8
(<I) (<I) (<I) (4)

0.0

3.0
(<I)

45. 2
(I)

4.7
(<I)

)0.4
(I)

0.0

8.3
(5)

1.2 2.8
(<I) (2)

0.8 0.9 0.0
(<I) (<I)

3.0
(2)

0.4 5.2 0.6
(<I) (<I) (<I)

14.9
(8)

0.4 0.0 O,D . O.D
(<I)

4.8
(<I)

0.7
(<I)

9.0
(2)

1.9
(<I)

D.O

9.1
(2)

0.8
(<I)

0,0

0.8
(<I)

Crustacea
nauplli

cladocera

ostracoda

0.0 0.0 0.0 1.8
(<I)

0.0 0.0 0.0 0.0

0.7 0.0 1.1 0.0
(<I) (<I)

0.0

0.0

0.0

3.5
(<I)

0.0

9.9
(5)

0.0

0.0 ~ 0,0

1.2 32.3 1.3
(<I) (5) '<I)

0.0 0.0 0.0

0.0 0.0 0.0

4.3
(2)

0.0

0.0

4.8
(<I)

0.0

0.0

9.6
(2)

0.0

0.0

1.2
(<I)

0.0

0.0

co pepoda 142.3 151.5 290.8 257.0
(25) (72) (71) (80)

2438. 8
(78)

727.0
(76)

58.4
(32)

105,4 243.8 201.1
(37) (38) (65)

61.7
(32)

230.8
(39)

127.8
(33)

162.2
(71)

c lrrlpad la
(barnacle)

nauplll

decapoda

others

403.8 47 ' 6.0 3.6
(71) (23) (2) (I)

5.2 1.2 4.2 10.2
(<I) (<I) (I) (3)

4.5 5.5 0.0 0.0
(<I) (3)

69. 3
(2)

42.1
(I)
3.0

(<I)

26 '
(3>

15.0
(2)

0.0

1.2
(<I)

2 '
())
0.0

3.2 9.6 5.8
(I> (2) (2)

13.2 16.6 20.5
(5) (3) (7)

2.3
{I)
1.6

(<I)

0.0 0.0 0.0 0.0

6.2
(I)

11.9
(3)

0.7
f<1)

0.0

12.5, 2.9
(2) '<I)

6.6
(3)

10.6
(5)

0.0

Chaetognatha

Echinodereata

Chordata
urochordata

fish (eggs
and larvae)

Eggs

Hlscel)aneous

0.0 0.0 1.6 1.8
(<I) (<I)

0.0 0.0 9.3 3.6
(2) (I)

0.0 D.B 20.0 7.2
(<I) (5) (2)

0.0 0.0 0.0 0.0

1.5 0.0 73.7 20.4
(<I) (18) {6)

0.0 2.1 1.1 0.0
(I) (<I)

9.0
(<I)

352.3
(11)

1.2
(<I)

91 '
(10)

138. 5
(4)

33.5
(4)

0.0

30.1
(<I)

0.0

40,4
(4)

0.0 0.0

1.2
(<I)

38.9
(21)

7.5
(4)

0.0

52.8
(29)

0.0

0.4 5.2 0.6
(<I) (<I) (<I)

129.1 211.5 16.7
(45) (33) (5)

5.9 33.3 5.2
(2) (5) (2)

0.3
(<I)

'0.

2
(16)

15.9
(8)

0.0 0 ' 0.0 0 '

28.1 76.1 56.6,, 59.7
(10) (12) (18) (31)

0.'0 0.0 0.0 0.0

2.8
(<I)

236.4
(40)

. 28.4
(5)

0.0

56.7
(10)

0.0

3.8
{<I)

139. 2
{35)

61.5
(16)

0.0

24.8
(6)

0.0

0.8
(<I)

26.1
{11)

10.5
(5)

0.0

10.5
(5)

0.0

SUBTOTAL VNOAHAGED 565.4 209 ~ 7 412.1 323.0 3134.3 955.9 183.4 288.1 634.5 308.4 193.9 593.8 392.5 230 '

SUBTOTAL DAHAGED

TOTAL UNDAHAGEO
+ DAHAGED

5.1 4.2 6.5 2.4
(<I) (2) (2) {<I)

42.1
(I)

8.1
(<I)

2.0
(I)

2.0 3.5 3.2
(<I) (<I) (I)

1.6
(<I)

4.2
(<I)

1.5
(<I)

6.7
(3)

570. 5 213. 9 418. 6 325 ~ 4 3176. 4 964. 0 185. 4 290. I 638. 0 311.6 195. 5 598.0 394.0 236.8

aDenslty is expressed ln nunber of zooplankters per cubic meter

bNumber ln parentheses is percentage conposltlon expressed ln percent.

c0 ~ Oblique; 5 ~ Surface; 8 ~ Bottoa.
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TABLE E-14

ZOOPLANKTON BIOMASS ASLLYSIS
ST. LUCIE PLANT

1979

11

Oate — 0

12

O S 8

Station and deptba

1
2' 4 5

S 8 7 S 8 7 S 8 X 5 8 X 5 8 lf

17 JAN 0.56 2.59 6.06 4.33 5.20 19.01 44.82 31.92 3.22 1.73 2.48 3.55 1.22 2.39 5.13 7.40 6.27 1.45 1.77 1 ~ 61

13 FEB 0.29 0.67

6 APR 4.20 1. 18

2.66 3.74 3.20 7.95 2.73 5.34 2.98 4.52 3.75 11.41 3.51 7.46 1.25 3.90 2.58 5.01 3.26 4.14

21.17 30.48 25:83 10.83 3.35 7.09 14.29 31,79 23.04 10.30 10.10 10.20 17.93 105.93 61.93 15.76 34.99 25.38

27 APR 10.69 35.34 2.74 3.23 2.99 4.01 4.98 4.50 5.11 5.97 5.54 5.21 7 '7 6.19 4.06 11.84 7.95 6.10 9.24 7.67

15 MAT 2.87 1 ~ 28 48.20 28.17 38.19 27.21 57.78 42.50 58.23 22.36 40.30 36.51 2.80 19.66 36.19 22.52 29.36 46.74 20.16 33.45

12 JUN 31.53 35.69 18.11 40.43 29.27 57.02 24.78 40.90 22.98 11.71 17.35 103.38 19.32 61.35 23.38 17.00 20.19 41.14 18.62 29.88

26 JUL . 8.24 14.05 58.29 36.20 47.25 22.03 36.05 29.04 35.37 39.39 37.38 59.70 69.31 64.51 64.10 17.55 40.83 27.39 34.43 30.91

21 AUG 4.05 —b 41.46 60.94 51.20 51.30 46. 13 48.71 11.58 49.25 30.41 9.48 26.57 18.02 7.26 29. 13 18. 19 15.81 28.75 22.28

7 SEP 2.96 3.07 15.38 15.53 15.46 17.85 12.23 15.04 6.35 5.63 5.99 8.51 2.70 5.61 2.85 7.00 4.93 6.79 4.24 5.52

2 OCT 8.27 6.11 20.98 15.35 18.17 20.45 36.74 28.60 39.12 7.12 23.12 45.46 21.81 33.64 10.35 8.34 9.35 4.13 9.39 6.76

30 OCT 5 '3 2.15 12.26 3.66 7.96 12.88 14.27 13.58 2.47 1.47 1.97 3.75 1.36 2.56 3.08 2.30 2.69 2.37 2.86 2.62

28 NOV 0.69 1.20 0.69 2.28 '.49 7.59 4.31 5.95 0.65 0.21 0.43 0.77 1.09 0.93 3.07 0.97 2.02 0.77 0.21 0.49

Oblique towl S.* Surface; 8 ~ Bottoca; x ~ Mean value..

bNot analyzed.
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TABLE E-15

COMPARISON OF ZOOPLANKTON DENSITY AND TEMPERATURE IN THE

INTAKE (STATION 11) AND DISCHARGE (STATIONS 12) CANALS

ST. LUCIE PLANT
1979

Tem erature 'C Percentage
Date 'ntake Dischar e aT 'C Intake no./m3 Dischar e no. m chan e % a

17'AN 21.0

13 FEB 18.7

6 APR 21.4

27 APR 25.1

15 MAY 25.2

6 JUN 26.1

26 JUL 24.9

21 AUG 27.3

7 SEP 23.5

2 OCT 27.7

30 OCT 24.7

28 NOV 24.9

33.7

30.9

22.5

25. 6

27. 2

32. 2

38.8

37.0

35.1

35.0

37.5

36.2

+12.7

+12.2

+ 1.1

+,0. 5

+ 2.0

1002.2

293.6

421.0

4187.8

1102.6

+13. 9

+ 9.7

+11. 6

+ 7.3

+12.8

+11.3

2575.5

4771.8

2180.5

391.7

2779.9

565.4

+ 6.1 13,772.1

513.2

100.6

76.2

5370.9

578. 1

7175.5

2842.5

432.1

1041.4

745.1

616.3

209.7

-48. 8

-65.7

-81.9b

+28.3b

-47.5b

-47.6b

+10.4

-90.9

-52.2

+90.2

-77.8

-62.9

apercentage change = Dischar e - Intake x 100
Intake

bPlant down or i n limited operational capacity only.
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TABLE E-16

STATISTICAL COMPARISON OF TOTAL ZOOPLANKTON DENSITY
CANAL STATIONS ll AND 12.

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS

DF Sum of s uares

1 2.64003669

22 39.72216939

23 42.36220608

Mean s uare

2.64003669

1.805555315

Source

Station

DF Type I SS

2.64003669

F value

l. 46

PR>F

0.2394

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

A

DF=22

7. 227751

6. 564422

12

12

MS=1.80555

STATION

12

aMeans with the same letter are not significantly different.
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TABLE E-17

STATISTICAL COMPARISON OF TOTAL ZOCPLANKTON DENSITY,
CANAL STATIONS 11 AND 12

ST LUG IE PLANT
26 MARCH 1976 " 30 CCTCBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS X YEARS

DF Sum of s uares

7 4N 74706871

83 ~ I 26+ 08128555

90 130,82835426

Mean s uare

ON6781 5267

I ~ 51905163

Source

Year

Station

Year x Station

DF Type I SS

2 96171180

IN34606736

ON43928955

F value

0+65

ON 89

0. 10

PR>F

0 5890

ON3493

ON9569

DUNCAN'S MULTIPLE RANGE TEST: STAT IONSa

Alpha level=0.05

GROUPING

' A

MEAN

6,747327

6N499782

DF=83

46

45

MS= I ~ 51905

STATION

12

DUNCAN'S MULTIPLE RANGE TEST: YEARS

Alpha level~0 05

GROUPING

A

MEAN

6N 821883

6N801512

6N500613

6N 413290

OF&3

23

20

24

24

MS= I ~ 51905

YEAR

79

76

78

77

aMeans with the same letter are not significantly different.





TABLE E-18

STATISTICAL COMPARISON OF ZOOPLANKTON BIOMASS
CANAL STATIONS ll AND 12

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATIONS

DF Sum of S uares

1 0. 14650379

19 22.44909488

20 22.59559868

Mean s uare

0.14650379

1.18153131

Source

Station

DF Type I SS

0.14650379

F value

0. 12

PR>F

0. 7286

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

1.745942

1.578702

DF=19

10

MS =1. 18153

STATION

12

aMeans with the same letter are not significantly different.
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TABLE E-19

STATISTICAL COMPARISON OF ZOOPLANKTON BIOMASS
CANAL STATIONS 11 AND 12

STN LUCIE PLANT
26 MAR% 1976 - 30 OCTOBER 1979

Source
ANALYSIS OF VARIANCE: STATIONS X YEARS

DF Sum of s uares Mean s uare

Mode I

Error

Corrected total

7 5N 1081 8973

78 50N 92156837

85 56o 0297581 0

ON72974139

0,65284062

Source

Year

Station

Year x Station

DF Type I SS

lo9371 15$ 4

IN25344383

1.91763047

F value

0,99

I N92

0,98

PR>F

0 4037

Oo 1698

OS4084

DUM'AN'S MULTIPLE RANGE TESTt STATIONSa

A I pha level =0.05

GROUPING MEAN

IS655314

I ~ 417483

DF-"78

42

44

MS&N652841

STATION

12

DUM AN'S MULTIPLE RANGE TEST: YEARS

A lpha level &.05

GROUPING MEAN

I ~ 776554

I ~ 573162

I ~ 445654

I ~ 371441

DF=78

N

19

24

19

24

MS& 652841

YEAR

79

77

76

78

aMeans with the same letter are not significantly different.
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TABLE E-20

CORRELATIONS OF ZOOPLANKTON DENSITY AND VARIOUS PARAMETERS

CANAL STATIONS 11 AND 12
ST LUCIE PLANT

6 DECEMBER 1978 - 30 OCTOBER 1979

Parameters

Dissolved
Biomass Chloro h ll-a Tem erature Salinit ox en

Density

Biomass

0.71226a
0.0001b

23c

1.00000
0.0000

23

-0.24553
0.2475

24

-0.08687
0.6935

23

-0.04448
0.8365

24

0.06342
0.7737

23

-0.04853 0.50504
0.8302 0.0165

22 22

0.21920 -0.27880
0.3397 0.2090

21 22

aCorrelation coefficient.

, Probability of a greater R value for the null hypothesis.

Number of observations (n).
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TABLE E-21

CORRELATIONS OF ZOOPLANKTON DENSITY: AND "VARIOUS PARAMETERS

OFFSHORE SURFACE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Parameters

Dissolved
Biomass Chl.oro h ll-a Tem erature Salinit ox en

Density

Biomass

0.74321a
0.0001b

72c

1.00000
0.0000

72

-0.11650
0.3298

72

-0.27523
0.0193

72

0.18829
0.1132

72

0.21566
0.0689

72

0.45561 0.11975
0.0001 0.3499

72 63

0. 37392 0. 18257
0.0012 0.1521

72 63

a Correl ation coeffic ient.

bProbability of a greater R value for the null hypothesis.

cNumber of observation (n).
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TABLE E-22

CORRELATIONS OF'.ZOOPLANKTON DENSITY AND VARIOUS PHYSICAL PARAMETERS

OFFSHORE BOTTOM STATIONS 0 THROUGH 5

ST. LUCIE PLANT

6 DECEMBER 1978 - 30 OCTOBER 1979

Parameters

Di ssol ved
Biomass Chloro h ll-a Tem rature Salinit ox en

Density
k

0.60226a
0.0001b

72c

0.19060
0.1088

72

0.01400 0.27143 0.10213
0.9078 0.0211 0.4296

71 72 62

Biomass 1.00000
0.0000

72

0.06178
0.6062

72

, 0. 10357
0.3901 .

71

0.30373 0.14372
0.0095 0.2651

72 62

aCorrelation coefficient.

Probability of a greater R value for the null hypothesis.

cNumber of observations (n).

E-50



l
I

4

1



TABLE E"23
»

STEPWISE ANALYSIS OF ZOOPLANKTON DENSITY
OFFSHCRE STATIONS 0 THROUGI 5

ST» LUCIE PLANT
6 DECEMBER 1978 -'0 OCT(3ER 1979

SURFACE

Variable RSAa

Regression
Error
Total

DF

I
70
7!

Sum of squares

4,08128001
33,02854354
37» 10982355

Mean square

4»08128001
0»47183634

R square ~ 0.10997843 C(P) = 0»29148235

F PROB>F

8»65 0»0044

I ntercept
RSA

B value

0 00000000
0»42929349

Standard error

0» 14596603

Type I I SS F PROB>F

4» 081 28001 8»65

Variable RSA

BOTTOM

R square = 0.02229676 C(P) = I ~ 49878285

Regress lon
Error
Tota I

I ntercept
RSA

DF

1

70
71

B value

0»00000000
0»34938813

Sum of squares

l»92745114
84 '1790961
86» 44536075

Standard error

0» 27652972

Type I I SS F, PROB>F

I '92745114 1»60 0» 2106

Mean square F PROB>F

1»92745114 1»60 0»2106
I ~ 20739871

aThe prefix R indicates residual variance for each variable after seasonal (ccsine)
adJustment.
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Variable RSAa

TABLE E-24

STEPWISE ANALYSIS OF ZOCPLANKTON BIOMASS
OFFSHCRE STATIONS 0 THROUCH 5

STo L(C I E PLANT
6 DECEMBER 1978 - 30 OCT(IER 1979

SURFACE

'R square ~ 0.04027460 C(P) = Oo86498091

Regress lon
Error
Total

Intercept
RSA

DF

I
70
71

B val ue

Wo 00000000
6o70469704

Sum of squares

995.51 109745
23722o57819099
24718o08928844

Standard error

3,91 190256

Type I I SS F PROB>F

995o51 109745 2o94 Oo0910

Mean square F PROB>F

995o51 109745 2o94 Oo0910
338 o 893974 16

Var lab le RSA R square = 0,04929968 C(P) = 0,39348799

Regress lon,
Error
Total

DF

I
70
71

Sum of squares

1229 ~ 15629038
23703, 1820061 I
24932.33829649

Mean square F

1229o 15629038 3o63
338o 61688580

PROB>F

0,0609

Intercept
RSA

B va I ue

Wo00000000
Bo82307574

Standard error Type I I SS F PROB>F

4o6309571 I 1229o 15629038 3o63 Oo0609

aThe prefix R indicates residual variance for each variable after seasonal (cosine)
ad J ustment.
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TABLE E-25

STATISTICAL COMPARISON OF TOTAL ZOOPLANKTON DENSITY
OFFSHORE SURFACE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

Model

Error

Correct'ed total

ANALYSIS OF VARIANCE: STATION

DF Sum of s uares

5 6. 90160773

66 37.02394914

71 43.92555688

Mean s uare

1.38032155

0.56096893

Source

Station

DF Type I SS

6.90160773

F value

2.46

PR>F

0.0415

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING MEAN

8.175259

7.766297

7. 736061

7.592722

7.471477,.

7. 156893

DF=66

N

12

12

12

12

12

12

MS=0.560969

STATION

3

aMeans with the same letter are not significantly different.
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TABLE E-26

STATISTICAL COMPARISON OF ZOOPLANKTON BIOMASS
OFFSHORE SURFACE STATIONS 0 THROUGH 5

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

Model

Error

Corrected total

ANALYSIS OF VARIANCE: STATION

DF Sum of s uares 'ean s uare

5 4.75196967 0.95039393
r

66 62.89382322
0.95293672'1

'7.64579289

Source

Station

DF Type I SS F value

4.75196967 1.00

PR > F

0.4271

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

A

MEAN

2.951444

2.916422

2.748999

2.512990

2.486965

2.226284

DF=66

N

12

12

12

12

12

MS=0.952937

STATION

aMeans with the same letter are not significantly different.
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TABLE E-27

STATISTICAL COMPARISON OF TOTAL ZOOPLANKTON DENSITY
OFFSHORE BOTTOM STATIONS.O THROUGH 5

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

-ANALYSIS OF VARIANCE: STATION

DF Sum of s uares Mean s uare

Model

Error

Corrected total

66

71

7.28744701

96.29429361'03.58174062

1.45748940

1.45900445

Source

Station

DF Type I SS F value

7. 28744701, 1. 00

PR>F

0.4261

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

A

MEAN

7. 713551

7.544031.

7.089731

7.046428

7.009197

6.808760

DF=66'

12

12

12

12

12

12

MS=1.459

STATION

3

aMeans with the same letter are not significantly different.
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TABLE E-28

STATISTICAL COMPARISON OF ZOOPLANKTON BIOMASS
OFFSHORE BOTTOM STATIONS 0 THROUGH 5

ST. LUCIE PLANT
6 DECEMBER 1978 - 30 OCTOBER 1979

Source

'NALYSIS OF VARIANCE: STATION

DF Sum of s uares Mean s uare

Model

Error

Corrected total

66

71

3.27173063

68.81555728

72.08728791

0.65434613

1.04265996

Source

Station

DF Type I SS F value

3.27173063 0.63

PR>F

0. 6816

DUNCAN'S MULTIPLE RANGE TEST: STATIONS

Alpha level=0.05

GROUPING MEAN

2.980318

2.801940

2.650604

2.513896

,'2.507147

2.327740

DF=66

N

12

12

12

12

12

12'S=1.04266
STATION

0

aMeans with the same letter are not significantly different.
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TABLE E"29

STATISTICAL COMPARISON OF TOTAL ZOCPLANKTON DENSITY
OFFSH(RE BOTTCN STATIONS 0 THROUGH 5

ST, LUCIE PLANT
26 MARCH 1976 - 30 OCTCBER 1979

Source

ANALYSIS OF VARIANCE: STATIONS X YEARS

DF Sum of s uares Mean s uare

Model

Error

Corrected total

23 45+ 51008007

245 356m 35341861

268 401,86349868

I ~ 97869913

1+45450375

Source

Year

Station

Year x Station

DF

15

Type I SS

22+ 43473658

2+48714216

20,58820133

F value

5, 14

0+34

0+ 94

PR > F

0+0020

0 8873

0 5166

DUNCAN'S MULTIPLE RANGE TEST: STATIONSa

A I pha level =0.05

GROUPING MEAN

7+ 651925

7o 577252

7.548433

7o 441822

7.430375

7+377242

OF=245

N

45

45

45

45

44

45

MS~1.4545

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

A lpha level=0.05

GROUPING MEAN

7o 774633

7, 767121

7o 264528

7~ 138992

DF=245

N

72

59

66

MS~ I.4545

YEAR

77

78

76

79

aMeans with the same letter are not significantly different.
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TABLE E-30

STAT ISTICAL COMPARI SON OF ZOOPLANKTON BIOMASS
OFFSHCRE BOTTOM STATIONS 0 THRUM 5

STe LUCIE PLANT
26 MARCH 1976 - 30 OCTCBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS.

Source

Model

Error

Corrected total

DF Sum of s uares

23 25+ 52136919

242 240%55750785

265 '66+07887704

Mean s uare

I ~ 10962475

Oe 99403929

Source

Year

Stat lon

Year x Station

DF

5

15

Type I SS

10~26445475

3o 94163581

1 I e 31527863

F value

3,44

0+79

0,76

PR>F

0,0174

0+5575

0+7231

DUN AN'S MULTIPLE RANGE TEST: STATIONSa

A lpha level =0,05

GROUPING MEAN

2+847634

2+84 1809

2 812998

2+781932

2+701597

2+498979

DF=242

N

44

44

44

44

45

MS Ko994039

STAT ION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING MEAN

2+955960

2+904353

2 547611

2+529607

DF=242

N

72

69

66

59

MS=Oo994039

YEAR

78

77.

79

76

aMeans with the same letter are not slgnlflcantly different.
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TABLE E-31

STAT ISTICAL COMPARI SON OF TOTAL ZOCPLANKTON DENSITY
OFFSHCRE SURFACE STATIONS 0 THROUSI 5

STN LUCIE PLANT
26 MARCH 1976 - 30 OCTOBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

DF .Sum of s uares

23 50N05876166

245, 241N82961 215

Mean s uare

2 17646790

ON98705964

Corrected total 268 291.88837381

Source

Year

Station

Year x Station

DF

3

15

Type I SS

22 42213192

20.31745722

7+31917252

7 57

4N12

ON 49

0,0001

0,0014

0.9423

F value PR > F

DUNCAN S MULTIPLE RANGE TEST: STAT IONSa

Alpha level=0.05

GROUPING MEAN

7N 984257

7N 538809

7N 341464

7+297671

7N 192560

7N 162586

DF-"245

44

45

45

45

45

45

MS& 98706

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING MEAN

7.639367

7N 61 1940

7N 451 159

6N 890763

DF-"245

66

72

72

59

MS% 98706

YEAR

79

77

78

76

aMeans with the same letter are not significantly different.



I



TABLE E-32

STATISTICAL COMPARISON OF ZOOPLANKTON BIOMASS
OFFSKCRE SURFACE STATIONS 0 THROU&I 5

ST, LUCIE PLANT
26 MAR(H 1976 - 30 OCTOBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Model

Error

Corrected total

DF Sum of s uares

23 39+ 01983959

243 211 ~ 25740380

266 250+ 27724338

Mean s uare

I ~ 69651476

0+86937203

Source

Year

Station

Year x Station

DF

15

Type I SS

17~50513774

13. 78351902

7, 731 18283

F value

6+71

3o 17

0. 59

PR>F

0+ 0003

Oe0087

Oo8797

DUNCAN S MULTIPLE RANGE TEST: STATIONSa

Alpha level=0.05

GROUPING

B A

MEAN

2 892627

2+552257

, 2o468737

2,292747

2+237449

2.229660

DF=243

N

44

44

45

45

45

44

MS& 869372

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level =0,05

GROUPING MEAN

2 650482

2+624327

2+ 447683

I ~ 982912

DF=243

N

71

66

72

58

MS&a 869372

YEAR

77

79

78

76

aMeans with the same letter are not significantly dIfferent.
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TABLE E-33

STAT ISTICAL COMPARI SON OF ZOCPLANKTON DENS I TIES
BASELINE VERSUS OPERATIONL MONITCRING DATA

OFFSHORE STATIONS I THROUsi 5
ST, LUG IE PLANT

SEPTEMBER 1972 - 30 OCTCBER 1979

ANALYSIS OF VARIANCE: STATIONS X YEARS

Source

Mode I

Error

Corrected total

DF Sum of s uares

24 25N 033191 15

259 205, 17546001

283 230,20865116

Mean s uare

I ~ 04304963

0,79218324

Source

Year

Station

Year x Station

DF

16

Type I SS

12,41331220

5o 14 179872

7N47808023

F value

3.92

I ~ 62

ON 59

PR > F

ON0042

0, 1689

ON 8905

DUNCAN'S MULTIPLE RANGE TEST: STAT IONSa

Alpha level=0.05

GROUPING MEAN

7,891032

7 865217

7N 669806

7N 659679

7, 538195

DF=259

N

56

57

57

57

57

MS=ON792183

STATION

DUNCAN'S MULTIPLE RANGE TEST: YEARSa

Alpha level=0.05

GROUPING

B A

MEAN

7 936587

7,915617

7. 783362

7,492076

7,428227

OF=259

N

59

60

60

55

50

MS"-0, 792 183

YEAR

77

78

79

76

aMeans with the same letter are not slgnif icantly different
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F. A UATIC MACROPHYTES

Environmental Technical Specification (Section 3.1.B.d.)

~h - II pi q i " 9
be collected quarterly and identified as to species
and abundance.

'NTRODUCTION

The purpose of the offshore macrophyte study is to determine whether

operation of the St. Lucie Plant is affecting the species compostion and

abundance of the macrophyte =community of the area. The term "aquatic

macrophytes" refers to aquatic plants, including seagrasses and seaweeds

or algae, large enough to be seen with the unaided eye. Attached benthic

macrophytes are good indicators of environmental change because they can-

not avoid environmental stresses as more mobile species can. Therefore

changes in environmental conditions can result in alteration of the spe-

cies composition and abundance of the benthic macrophyte community.

The di stributi on of aquatic mac rophytes is limited by substrate,

temperature and light. An unstable bottom, such as sand or mud, is

generally unsuitable for attachment of macrophytes except in quiet bays

and estuaries where agitation by wind and waves is slight. In areas

exposed to these forces, detached, or drift, al gae are .usual ly washed

upon the beach or swept out of the photic zone (Eiseman et al ~, 1974).

Along the east coast of Florida, marine macrophytes are found on rock

outcroppings, worm reefs, shell rubble, and artificial substrates.
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Most marine plants are found from the intertidal zone to a depth o'

30 to 40 m. Beyond thi s depth, the 1 ight-absorb'i ng propert i es of

seawater reduce the availability of light to levels below that needed for

photosynthesis. Light penetration is also attenuated by turbidity and

plankton which decrease the transparency of water. One group-of algae,

however, has adapted to low light levels; red algae have been dredged

from depths of 170 m in clear', tropical waters (McConnaughey, 1970).

Temperature controls the growth and distribution of marine macrophy-

tes directly by influencing the rate of photosynthesis and respiration

and indirectly by affecting the level of dissolved oxygen in the water.

Consequently, many marine plants tolerate only a narrow temperature range

(Dawson, 1966). Marine plants in subtropical and tropica'1 areas are par-

ticularly vul nerabl e to temperature changes because normal water tem-

peratures are usually high and do not vary greatly over the course of a

year (Steidinger and Van Breedveld, 1971).

MATERIALS AND METHODS

Aquatic macrophytes were collected quarterly at each of six offshore

stations during 1979 (Figure F-1). Each sample was collected by towing a

box-type dredge (46 cm X 46 cm X 25 cm) along the ocean bottom for 5

minutes. The speed of each tow was recorded and used to compute the sur-

face area sampled. The area sampled at all stations in 1979 was approxi-

Dupl icate sampl es were col 1 ected at each station and

preserved in a solution of 5 percent buffered formalin-seawater.
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Attached macrophytes were scraped from shell and rock surfaces and

the preserved samples were'orted in the laboratory. The al gae were

identified to the lowest practicable taxon and the number of species per

unit area of sampl e substrate was determined. Representative material
A

was retained for voucher specimens and species lists were prepared for

each sample. Where apparent, the presence of the most abundant or domi-

nant species was noted. The presence of reproductive structures, was

determined by microscopic examination.

RESULTS AND DISCUSSIONS

A total of 60 taxa of. marine algae were collected in 1979. Of this

number, 38 (63.3 percent) were red algae (Rhodophyta), 12 (20 percent)

were brown al gae (Phaeophyta), and 9 (15 percent) were green al gae

(Chl'orophyta). One species of blue-green al gae (Cyanophyta), was

collected.

Species composition for each station during each collection period

is given in Table F-1. Only one taxa, Gracilaria sp., was collected

during all four sampling trips. Thirteen taxa were found only during

June and 27 were found only during September. Three additional species

of algae were collected only during November.

As noted in 1978, drift algae was the main contributor to increased

algal diversity and abundance in the 1979 summer and fall samples. The

abundance of drift algae was most obvious at Station 0, the control sta-

tion to the south, where the fine, gray sand substrate is unsuitable for

F-3



algal attachment, but where the shallow depth apparently allows the drift
algae carried inshore by prevailing winds and currents to collect. Drift

algae were less abundant at Stations 1 through 5. Station 1, at the

discharge, is about the same depth as Station 0 but the stronger currents

at Station 1, at the di scharge, may prevent drift al gae from

accumulating. Attached algae were collected only at Stations 2 and 4 and

were generally small individual plants or fragments found on pieces of

rock and shell. The, year's data indicate that the biomass of attached

algae was insignificant when compared to that of drift algae.

Fifty of the 60 species collected in 1979 were found at Station 0.

Of the 50 species, 98 percent were collected in June and September and

consisted of drift algae only. The smallest amount of algae collected

for the year was found at Station 3. In March, macrophytes were found

only at Station 4. No significant differences in algal abundance or

diversity between stations were found in September except for the absence

of any algae at Stations 2 and 3. No general trend in the occurrence or

abundance of a species between stations was observed, although dominant

species were noted at two stations. Large, unattached mats of Ceramium

were collected in all replicates at Stations 0 and 1 in June. ~Hnea

sp., ~Hal mania sp., and Codium spp. were abundant at Station 0 in

September. Otherwi se, most of the al gae was represented by smal 1

fragments of plants. Reproductive al gae were collected in June and

September.



Algal diversity and abundance reflected the seasonal trend charac-

teristic of Hutchinson Island's location in a subtropical zone .(Phillips,

1961). Tropical and subtropical marine plants display greatest species

diversity and abundance in summer and early fall. In 1979, algal diver;,

sity and abundance were greatest in September (42 species) and June (29

s'pecies) and lowest in November,(7 species) and March (6 species). This

trend was observed in the previous 3 years'ollections of macrophytes at

St. Lucie (ABI, 1977, 1978, 1979). As previously reported, this seasonal

trend is unrelated to power plant operation. No baseli ne data is

available on the macrophyte community.

SUMMARY

The lack of suitable substrate for algal attachment and growth at

all stations limits the occurre'nce of macrophytes in the study area. The

substrates in the study area are either shell hash or fine sand with very

little hard surfaces suitable for al gal attachment. The importance of

this community as primary producers in the study area, therefore, is .

l imited.

Differences in the number of algal taxa betw'een stations and between

sampl i ng periods were evident. Al gal diversity and abundance were

greatest in June and September and at Station 0 (Figure F-1) during these

months. This trend reflects the seasonality of the drift algal community

and the tendency of drift al gae to collect on the beach terrace.

Attached algae were found only at Stations 2 and 4 during the year. No

effects of power plant operation on the macrophyte community were noted.
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TABLE F-I

MACROPHYTE SPECIES COLLECTED AT OFFSHCRE STATIONS
STe LUCIE PLANT

1979

March June Se tember November

S ecies Station: 0 I 2 3 4 5 0 I 2 3 4 5 0 1 2 3 4 5 0 I 2 3 4 5

Tl
I

co

CYANCPHYTA (blue-green algae)
Mfcrocoleus ~ln h aceous

CHLCROPHYTA (green a I gae)
~Cauler a ~micro h sa
C. racemosa v. macro h sa
I~ludo horn fuse cu ar s
~Glade hors sp
Codium Isthomocladum

Codlum sp.
Ernodesmls verticlllata
Ulva lactuca

X X X.
X

X
X X

X X X
X

X
X

X

PHAECPHYTA (br(an algae)
~Dict o teria la lo ramne
D. Justl i

Dlctlota ceruicornls
0 dichotoma
Dict)fota sp.
7''OC~BI US Spe
~o~rd a sp.
Sar assum-sp.
~at lossum schroederl
~shace lar 1 a ~turc I era
~shacelarla sp.
Sttdo odium donsie

RHODOPHYTA (red a I gae)
~Aardhinula hrounea
~nm hires uraslllana
Anttthamnlon ~ele ans
~Botr ocladla occldentalis
~Br othamnion ~sea orthi I

X
X ' X X

X
X X
X X X X

X
X
X

=X

X
X

X

X X
X
X
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TABLE F-I
(cont

laced)

MACROPHYTE SPECIES COLLECTED AT OFFSHCRE STATIONS
STm LUCIE PLANT

1979

March June Se tember November

S ecies Station: 0 I 2 3 4 5 0 I 2 3 4 5 0 I 2 3 4 5 0 I- 2 3 4 5

RHCOOPHYTA (continued)
Centroceras clavulatum
Zeeram um ~astra stum F. flacclda
~ceram um sp.
~~Cham a ~areola
Cham la sp.

hondr a littoral ls
Chondr la sp.
C tarachne sp.
~Das a sp.
Crrac laria fol I i fera
G. mammi I laris
'F. verrucosa
Gracllaria sp.
Grinnellia americana
Hal mania ~a ardhll
H. v naceae

~us I mania sp.
~H nea cervlcornls
H musciformis

1T. vottus
~maes sp.
Janla sp.
Hall mania ~ltmmln hit
~pol s hen la denudate
P. subtlllssima

~pol sl honla sp.

X
X

X X
X

X
X

X X
X X

X

X
X X
X

X
X.

X
X X

X X

X X
X

X X
X X

X X
X.
X X X

X
X
X X

X X

X
X X X

X X X XX„X
X

X
X '

X
X
X

X

X
X X

X

X
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TABLE F-I
(contiraed)

MACRCPHYTE SPECIES COLLECTED AT OFFSHCRE STATIONS
STe LUCIE PLANT

1979

Narch June Se tember November

S ecies Station: 0 1 2 3 4 5 0 I 2 3 4 5 0 1 2 3 4 5 0 I 2 3 4 5

n
I

C)

RHODOPHYTA (continued)
Scinaia com lanata
~ol er a enera
S ermothamnlon spe
S r dia aculeata

one Ivoroneua-Rh.
T~irano ora incrue ane
Wurdemannia minlata

X
X

XX, X
X X X
X X
X
X



I
I

I

'I



A. WATRR ITWAIITT

INTRODUCTION

Environmental Technical Specification (Section 3.1.B.e.)

WIIWlWli-A ld I Wl b d

ples taken at bottom, mid-depth and surface levels
at the same time as the biotic samples are col-
lected. Parameters studied will be temperature,
salinity, dissolved oxygen content and turbidity.
Water samples for selected nutrient analysis will
be collected at the time of plankton sampling.

This study was designed to monitor selected physical and chemical

parameters of the waters offshore of the St. Lucie Plant and within the

intake and discharge canals immediately adjacent to the plant. The pur-

pose of monitoring these parameters was to . I) 'determine if selected phy-

sical and chemical parameters of the water discharged by the plant were

significantly different from offshore waters, 2) provide a more unified

view of the offshore habitat than would be obtained from sampl.ing only

the biotic components of the area, and 3) enable examination of the

relationships between the abiotic and biotic components of the aquatic

environment.

PHYSICAL PARAMETERS

Materials and Methods

Physical oceanographic parameters measured at designated offshore

stations (0 through 5; Figure G-I) at surface, middle and bottom depths
d

were water temperature, salinity, dissolved oxygen, turbidity and light

G-I



'I

I



transmittance (Table G-1). Water current direction and velocity, wind

direction and velocity, and general weather conditions were also deter-

mined at the offshore stations. Parameters measured within the intake

and discharge canals (Stations 11 and 12) were temperature, salinity,

dissolved oxygen and turbidity. These were measured at surface and bot-

tom depths in the intake canal and at the surface in the discharge canal.

Physical parameters were measured monthly for all stations, at the same

time that sampling for phytoplankton and chemical parameters (nutrients)

was being conducted.

Water Tem erature

Water temperature was measured in situ with a Yellow Springs Instru-

ment Co. (YSI) Model 33 salinity-conductivity-temperature meter with an

accuracy of +0.1'C. Data were recorded in degrees Celsius.

~Sal init
Salinity was measured in the field with a YSI Model 33 salinity-con-

ductivity-temperature meter or in the laboratory with an American Optical

refractometer (Model 10419 Gol dberg; temperature conpensating ) . Both

instruments were precal ibrated using stock solutions containing known

sea-salt concentrations. Data were recorded in parts per thousand.

Dissolved ox en

Dissolved oxygen was measured in situ with either a YSI Model 54 or

51B oxygen meter. These meters were precalibrated by using readings

taken from oxygen saturated seawater. Data were recorded in milligrams

per liter.
G-2
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~Turbidit

Turbidity was measured with a Hellige turbidimeter. Turbidity was

measured as a function of light attenuation over a fixed path length, as

recommended by the EPA (1974). Conventional units of turbidity were

based upon FTU (Formazine Turbidity Units).

Li ht Transmittance

Light transmittance (luminosity) was measured at the offshore sta-

tions with an Interocean Marine Illuminance Meter Model 510. Incident

solar radiation at the surface and at various depths was recorded as

luminosity in foot candles.

Other Ph sical Parameters

d d red rtinent toOther physical parameters were measure when cons> e pe

the ecological investigations. Water current velocity was measured at

offshore stations with a General Oceanics Model 2030 digital flowmeter

lowered from the surface to a depth of 0.5 m. Surface currents were

recorded in centimeters per second. Water current direction was deter-

Administration (NOAA), U.S. Weather Bureau. Other weather conditions

were expressed as clear, partly cloudy, rainy, or by similar descriptors.

Data on water currents and weather conditions, as well as those obtained

on tidal cycles and lunar phases, are maintained in the laboratory and

are not included in thi s report .

mined by comparing water position of the flowmeter to a magnetic marine

compass.. Wind direction and velocity were recorded according to Marine

Forecast reports issued by the National Oceanographic and Atmospheric
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Two-way analysis of variance (ANOVA) was used to determine if water

temperature, salinity, dissolved oxygen and turbidity were significantly

(a=0.05) different at the offshore stations and depths. When significant

.differences occurred, Duncan's Multiple Range Test was used to determine

which stations or depths differed from the others.

Results and Discussion

Water Tem erature
II

Water temperature is of prime importance in the marine environment

because it acts 1) directly upon, the physiological processes of the

biota and 2) indirectly through its influence on solubility, of gases and

solids, water viscosity and density distribution. Throughout the oceans

there are .temperature barriers controlled by latitude, water. depth and

general circulation, which segregate faunas into geographical regions

(Sverdrup et al., 1942).

Organisms within a particular geographical region are generally

adapted to prevailing temperature conditions and may be adversely

affected if temperatures shift too far or too rapidly. For example,

massive mortalities of fishes have occurred in Florida during unusually

cold winters (Snel son and Bradley, 1978). Organisms can be similarly

affected by unusually warm conditions; this is pertinent to the present

study, since the St. Lucie Plant discharges water offshore at tempera-

tures generally higher than the receiving waters.

G-4-
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Water temperatures measured during 1979 at the stations offshore of

the St. Lucie Plant ranged from 17.9'o 29.2'C, in the intake canal from

18.6'o 27.2'C, and in the discharge canal from 23.0'o. 37.5'C (Table

G-2). Temperatures in the discharge canal were often high enough (>32'C)

to approach or exceed what are considered to be upper tolerance limits

for much of the 'local (i ndigenous) fauna. Nevertheless, these high tem-
P

peratures were not found at the offshore discharge (Station 1) because of

rapid temperature dilution at the discharge diffuser.

Analysis of variance indicated no significant (a=0.05) differences

among the six offshore stations at either surface, middle or bottom

depths. As expected, variations between months were significant because

of seasonal temperature differences (Figure G-2). A general decrease in

temperature with depth was al so observed. This vertical temperature

stratification was especially noticeable in the summer months.

~Sal i nit

Salinity, or the salt content of .the water, is the chief factor

which makes'arine life distinct from other faunal assemblages'. Because

of the salt, the ocean provides a medium which is 1) similar to salt

concentrations in internal body fluids, and thus limits the necessity of

salt regulatory mechanisms, and 2) of high density, which is important

to swimming forms and to those which depend entirely on the water to sup-

port their weight. As is. the case with temperature limits, animals in

the sea are also bound by salinity limits. Animals which are sensitive

to relatively small salinity changes are particularly characteristic of
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deep, water, and the open sea, where salinity ranges only from 34 to 36

ppt. Those which'ave a high degree of tolerance are characteristic of

the coastal regions and estuaries, where wide salinity variations may

occur.

The salinities measured at the St. Lucie Plant, both offshore and in

the canals, were in a narrow range between 32.3 and 37,.5 ppt (Table G-2)-

This salinity range is more characteristic of the open sea than of a

nearshore location. This is probably a result of the plant being located

relatively far from sources of less saline waters such as Indian River

inlets and extensive land areas where runoff from rainfall could occur.

No significant di fferences in sal inity were indicated at the various

stations or depths.

~0x en

Oxygen is indispensable for the maintenance of life 'processes in all

organisms, with the notable exception of anaerobic bacteria. Oxygen is

available for the normal metabolic activities of aquatic organisms only

when it is in solution in a free state. Free oxygen is comparable to

carbon dioxide (necessary for photosynthesis) in being one of the two

most important dissolved gases in the sea. Oxygen is seldom a deter-

mining . factor in the distribution and abundance of most marine life

however, since it is generally well supplied throughout the oceans. The

saturation level of dissolved oxygen "in sea water is temperature depen-

dent and, for conditions at St. Lucie, would range from 8.1 mg/1 at 15'C

to 6.1 mg/1 at 30'C.
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Dissolved oxygen values ranged from 4.3 to 9.8 mg/1 at the offshore

stations (Table G-2), and differences b'etween these stations and depths

were not significant'. Measurements in the intake canal ranged from 5.2

to 9.5 mg/1. Dissolved oxygen concentrations were about the same in the

discharge canal (5. 1 to 9.4 mg/1) as offshore, even though temperatures

were higher, because of the added effect of water turbulence. Dissolved

oxygen concentrations at all stations exceeded the minimum requi rements

of the indigenous aquatic 'biota.

~Turbidit

Turbidity, which affects the clarity of seawater, is the presence of

suspended matter in the water column. It is often quite variable in

shallow coastal waters, where wind or tidal currents can stir up, bottom .

sediments and where runoff from the land can add additional materials.

Turbidity may be a direct limiting factor to certain animals, such as

filter feeders which strain food from the water. It is more often an

indirect limiting factor, however, because it restricts light penetration

through the water column and, in this way, limits growth and reproduction

of phytopl ankton in the deeper waters where light would otherwi se

penetrate.

Turbidity measurements at the six offshore stations ranged from 0.0

to 14.2 FTU (Table G-2). The turbidity at Stations 0 and I was signifi-

cantly higher than at Stations 2 through 5. Stations 0 and 1 are closer

to shore than the other stations and, therefore, are subject to wave

action that stirs up bottom sediments. These factors also explain why
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turbidity levels were significantly higher at the bottom than at mid-

depth or surface. Measurements in the intake canal ranged from 0.3 to

5.1 FTU. Turbidities were similar in the discharge canal'0.7 to 5.2

FTU) .

Li<iht

Light in the sea directly affects chemical reactions associated with

the metabolism of organisms, and its greatest importance is as an energy

source for the photosynthetic processes of plants upon which all animals

depend for their nourishment. Considering this tremendous importance, it
is noteworthy that light sufficient for photosynthesis extends from the

surface only to a depth of about 80 m.

Light transmittance measured at the six offshore stations ranged
4

from 0.8 to 1640 foot candles. This considerable variation reflected such

light-influencing factors as turbidity in the water, wave action, cloud

cover, time of day, season and depth. With the exception of the expected

.decreased light with increased .depth; no consi stent patterns of light

transmittance were apparent at the offshore stations. It is doubtful if
light reduction would ever exclude photosynthetic processes offshore of

Hutchinson Island, since the waters are so shallow.
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CHEMICAL PARAMETERS

Materials and Methods

Chemical parameters (nutrients) measured during the study were ammo-

nia nitrogen, nitrate nitrogen, nitrite nitrogen, silicates, orthophos-

phate and total organic carbon. These nutrients were measured from

samples collected monthly at offshore Stations 0 through 5, intake canal

Station 11 and discharge canal Station 12 (Figure G-1; Table G-1). Off-

shore samples were taken from surface, middle and bottom depths; intake

canal samples from surface and bottom depths; and discharge canal samples

from the surface. Subsurface samples were obtained either by pumping or

with a Niskin bottle; surface samples were obtained directly. Water sam-

ples to be analyzed for ammonia nitrogen, nitrate nitrogen, nitrite

nitrogen, reactive silica, and orthophosphate were passed through
0.45'embrane

filters, placed in acid-washed polyethylene bottles, and frozen.

Water samples to be analyzed for total organic carbon were spiked with 5

ml of concentrated sulfuric acid. All samples for chemical analysis were

shipped to the laboratory on the day of collection.

Methods of analysis used to measure these selected nutrients (Table

G-3) appear in either Strickland and Parsons (1972) or the American

Public Health Association manual (APHA, 1976). Each chemical parameter

was independently compared over the entire year by a two-way analysis, of

variance. Offshore Stations 0 through 5 were statistically compared, in

order to detect significant differences both between stations and for

surface, middle, and bottom depths. Nutrient concentrations measured in

the intake and discharge canals (Stations 11 and 12) were statistically
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compared to control Station 0, to determine differences between the

canals and offshore. Statistical procedures used in the followi,ng dis-

cussion of chemical parameters were performed at the 0.05 level of

significance.

Results and Discussion

Nutrients such as the forms of inorganic nitrogen, silicates, phos-
r

phates and 'total organic carbon are essential for the growth of phyto-

plankton populations (Yentsch, 1962). Since phytoplankton provides the

basis for the oceanic food chain, upon which all higher forms subsist

either directly or indirectly, the'inclusion of nutrients is particularly

relevant to any marine biological study.

The distribution of nutrients in the marine environment is a func-

tion of diffusion, currents and biological turnover. High concentrations

of nutrients are spatially limited and usually associated with upwelling

(Spencer, 1975), a river-ocean interface (Steffansson and Richardson,

1963), or ocean waste disposal outfalls (EPA, 1971). Concentrations in

nearshore localities are generally considered homogeneous, because of

turbulence induced by winds or cur rents (Bowden, 1970). However, runoff

from the land can have substantial effects on nutrient concentration.

~Nitro en

Nitrogen, an essential constituent of living matter, is found within

organic compounds both in organi sms and in particulate and di ssol ved

organic material. It occurs within seawater as ammonia (NH3-N), nitrate
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(N03-N) and nitrite (N02-N) in various organic compounds and as free

dissolved nitrogen gas. Only the first three nitrogen forms have been

measured extensively in the environmental monitoring studies.

These inorganic nitrogen compounds show a 'wide range of con-

centration values in the sea and are generally present in low con-

centrations. Additional variability is due to turnover rates, when these

compounds are utilized by aquatic organisms. In coastal areas, rivers

and water runoff from the land can have substantial influence on the

concentrations of these nutrients.

Concentrations measured at the stations offshore of the St. Lucie

Plant during 1979 ranged from <0.01 to 0.23 mg/1 for ammonia nitrogen,

<0.001 to 0.113 mg/1 for nitrate nitrogen, and <0.001 to 0.005 mg/l for

nitrite nitrogen (Table G-4). These concentrations were generally simi-

lar to those reported in earlier studies at St. Lucie (Table G-5). No

significant differences that could be related to plant operation were

found in ammonia and nitrate concentrations at the offshore stations.. No

significant differences in ammonia and nitrate concentrations were

detected between the intake canal, discharge canal and offshore control

Station 0. Nitrite concentrations were significantly higher at Station 5

than at Stations 0, 1, and 2. This difference does not appear to be

related to St. Lucie Plant operations because the increased con-

centrations are not near the discharge.
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Based on average concentrations at the six offshore stations over.

the 1979 study year, ammonia values steadily diminished during the year

from the peak values observed in January (Figure G-3). Nitrate and

nitrite were highest during the fall and winter (Figures G-4 and
G-5).'either

the concentration values of these nitrogen compounds nor their
Y

variations by season were considered unusual.

Sil icon

Sil icon has been studied extensively because it is utilized by

di atoms (the predominant phytopl a nkt ers offshore of St. Luc ie).

Silicate-silicon (Si02-Si ) concentrations measured during 1979 at the

stations offshore of the St. Lucie Plant ranged from <0.02 to 0.41 mg/1

(Table G-4). No significant di fferences were found. in silicon con-

centrations when the offshore stations were compared by depth, but

Station 5 had higher values than offshore Stations 0, 2, 3, and 4. The

reason for this difference is not known, but plant operation was not the

cause. 'Significantly higher silica concentration would have also been

observed at Stations 1 through 4 if this difference was plant related .

F

Based on the time of year sampled, the highest silica concentrations

were found during the fall (Figure G-6). Silicate values were usually

higher in the intake (not significantly) and discharge (significantly)

canals than offshore. There was no significant difference in silica

concentrations between intake and discharge canals. This could have been

related to high diatom concentrations (Section D. Phytoplankton, Tables

D-2 through D-13), since silicates result from diatom shell dissolution,

8-.12
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or to the higher turbulence in the canals which stirs up higher amounts

of filtrable Si02 from the bottom.

Phos horus

Phosphorus is present in sea water almost solely in the form of

various types of phosphate and is an essential constituent of living

organisms. In addition to the nitrogen and silicon compounds, phosphate-

phosphorus has been considered one of the substances that may limit pro-

duction of plant life (Sverdrup et al., 1942). Orthophosphate (P04-P)

concentrations measured during 1979 at stations offshore of the St. Lucie

Plant ranged from <0.01 to 0.02 mg/1 (Table G-4). These values were

slightly lower than those in canal stations where phosphate values ranged

from <0,01 to 0.06. However, no significant statistical differences were

found comparing Station 0 and canal phosphate values.

Total Or anic Carbon

.Total organic carbon (TOC) is the sum of the suspended organic car-

bon and the dissolved organic carbon in the water. It thus includes car-

bon in detritus and within living organisms, such as the phytoplankton,

and that which is in the water and available for use by organisms.

Because different water masses can vary considerably in their levels of

organic production, TOC level s can al so show considerable variation.

Stations offshore of the St. Lucie Plant during 1979 had TOC con-

centrations of from 1 to 14 mg/l (Table G-4). No significant differences

were found in TOC concentrations between offshore station locations, but

surface values were higher than at bottom and mid-depth levels. TOC con-





centrations offshore were not very variable over -the year, although

spring values were generally higher than others (Figure G-7). Canal sta-

tions'OC val ues were in the same general range of 1 to 5 mg/1 as

offshore stations. No significant differences in TOC concentrations were

detected. between the intake canal, discharge canal and offshore control

Station 0.

Com arison of 1979 Chemistr Data to 1976-1978 Monitorin and 1972-1973
Baseline Data

Ranges of nutrient concentrations recorded at offshore Stations 0

through 5 at the St. Lucie Plant are listed in Table G-5 as well as

ranges of nutrient concentrations found during the baseline study (Worth

and Hol linger, 1977) at offshore Stations 1 through 5. The baseline

study, which was performed from February 1972 to August 1973, monitored

the same nutri ents as the current study wi th the exception of TOC.

Combined (depth and stations) nutrient val ues for the 1976-1979 moni-

toring study and the 1972-1973 baseline study are shown in Figures G-8

through G-12. Within the limits of the anal yt ical methods used,

orthophosphate values did not vary appreciably during the 1976-1979 moni-

toring study and are not discussed in this report.

Ammonia concentrations measured from 1976 through 1979 were

generally in the same range but these values were higher. than those in

the baseline study (Table G-5). Nean ammonia values (Figure G-8) also

showed the same pattern of higher values during operational monitoring

periods. Analyses of the data from 1976 through 1979 (ABI, 1977, 1978,

1979) showed that there was no significant difference in ammonia values

between the control Station 0 and Stations 1.through 5.
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Presently, there is no explanation for the lower ammonia values

reported in the baseline study, but comparisons between control and other

stations show that operation of the St. Lucie Plant is not the cause of

the difference.

Nitrate concentrations monitored duri ng operational monitori ng and

baseline studies were generally in the same ranges except in 1976 when

nitrate values were much higher (Table G-5 ). Mean nitrate values showed

the same characteristics during this period (Figure G-9). The excep-

tionally high values in 1976 were probably caused by preservation tech-

niques that have since been shown to be inadequate.

Nitrite concentrations and mean values were similar during each
year'f

operational monitoring but these values were sl,ightly lower than those

measured during the, baseline study (Table G-5; Figure G-10). Analysis of

the 1976 through 1979 data (ABI, 1977, 1978, 1979) showed that there was

no significant difference in nitrite values between the control Station 0

and Stations 1 through 5.. This shows that St. Lucie'lant operation is

not the cause of observed differences in nitrate concentrations between

operational monitoring and baseline studies.
t

Silica concentrations and mean concentrations were similar in the

baseline and operational studies except in 1976 when values were much

higher (Table G-5; Figure G-11). The high values recorded in 1976 are

probably -erroneous due to error in methodology. If the 1976 data are

deleted, a seasonal pattern of high silica concentrations in the fall can

be seen.
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Orthophosphate concentrations were similar during operational moni-

toring with most of the values below the detection limit of 0.01 ppm

P04-P (Table G-5). These values were considerably below the highest con-

centration reported during the baseline study. (>1.40 mg/1; Table G-5).

Reasons for the high concentrati on duri ng the basel i ne study are not

known, although it was apparently not related to runoff from the land

during heavy rains (Worth and Hollinger, 1977) which is the usual cause

of high phosphate. concentrations.

Total organic carbon concentrations at the offshore stations have

shown a downward trend from 1976 to 1979 (Table G-5). Mean TOC values

observ'ed during this period exhibited the same pattern (Figure G-12),

Still, seasonal variations were obvious with spri ng TOC values generally

higher than in other seasons. The reasons for the decline in offshore

TOC concentrations. are not apparent. It should be noted that phytoplank-

ton and zooplankton standing crop did not decline during this period

(Sections D. Phytoplankton and E. Zooplankton). TOC concentrations were

not measured during the baseline study.

SUMMARY

No significant differences in temperature, salinity, or dissolved

oxygen were found among the six offshore sampling stations. Turbidity

was significantly higher at the discharge and control stations. The

increase in turbidity at both near-shore stations suggests that wave

action and possibly surface runoff are contributory factors.
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Nutrients in the nearshore environment adjacent to the plant were

dispersed homogeneously but varied with the time of year. No differences

were found when stations near the plant were compared with the control

station, and analysis of nutrient concentrations indicated that plant

operation had no significant effects on the selected nutrients measured

in this study. The yearly range in nutrient concentrations offshore of

the St. Lucie Plant was generally similar with data collected in previous

studies.

These physical and chemical measurements provided a more unified

view of the offshore habitat than would have been obtained by sampling

only the biotic components, and enabled exami nation of the relationships

between the abiotic and biotic components 6f the aquatic envirorment

offshore of the St. Lucie Plant. Offshore plant effects related to these
H

selected physical and chemical parameters were apparently minimal.
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TABLE G-1

PHYSICAL/CHEMICAL PARAMETERS NEASORED FOR EACH STATION
ST. LUCIE PLANT

1979

Parameter
Station

0 1 2 3 4 5 11 12
Offshore Offshore

intake . dischar e

Water temperature (continuous)

Water temperature (in situ)
Salinity
Dissolved oxygen

Turbidity
Light transmittance
Current direction and velocity
Wind directio~, velocity,

cloud cover

Tidal cycle, lunar phases

Ammonia nitrogen
Nitrate nitrogen
Nitrite nitrogen
Silicates
Orthophosphate

Total organic carbon

x x x x x x x x

X X X X X X X X

X X X X X X X. X

X X X X X X X X

X X X X X X

X X X X X X

X X X X X X X X

X X X X X X 'X X

x x x x x x X X

X X X
' X X

'
X

X X X X X X- X X

X X X X X X X X

X X X X X X X X

X X X X X X X X

X

Data records are mai ntained in the laboratory and are not included in this report.
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TABLE G-2

RANGES OF SELECTED PHYSICAL PARAMETERS RECORDED AT OFFSHORE

AND INSHORE (CANAL) STATIONS
ST. LUCIE PLANT

1979

Station and
de tha

Temperature Salinity
oC t

Dissolved
oxygen Turbidity

m l FTU

offshore
0 S

M

B

S

B

inshore
11 S

M

18.2-28.5
18.1-27.4
18.1-27.4

18. 7-28. 2
18. 7-27. 2
18.6-27.3

18. 2-28. 0
18.3-27.8
17.9-27.3

18. 8-28. 8
18. 8-28. 3
18.9-27.2

18.4-29.2
18.5-27.4
18.6-27.4

18. 1-28. 3
18.2-27.3
18.2-27.5

18.7-27.2
18.6-27.0

34. 5-36. 7
34.5-36.6
34.5-36.6

34. 5-36. 1

34.5-36.7
33.4-36.1

34. 5-36. 1

34. 5-36. 6
34.5-36.1

34.5-36.1
34.5-36.1
34.5-36.1

34. 5-37. 2
34.5-36.1
35.0-35.5

34. 5-36. 1

34.5-36.1
35.0-36.1

32.3-35.5
33.4-35.5

4.7-8:6
4.6-8.3
4.4-7.7

4. 5-8. 6
4. 4-8. 4
4. 3-7. 9

4. 7-8. 6
4. 7-8.8
4. 4-7. 8

4. 8-8. 6
5. 6-8. 7
4.8-8.3

4.8-8.5
4.g-8.2
4.5-7.7

4. 6-9. 1

4. 6-9. 4
4.3-9.8

5. 6-9. 5

5. 2-7. 5

0.2- 2.8
0.0- 2.4
0.3-14.2

0.2- 4.3
0.2- 4.9
0.2- 7.2

0.3- 2.0
0.2- 3.0
0.3- 3.2

0.9- 1.5
0.2- 2.0
0.3- 2.5

0.2- 2.0
0.3- 2.6
0.3- 2.7

0.3- 2.0
0.3- 2.7
0.5- 4.0

0.3- 2.6
0.9- 5.1

12 B 23.0-37.5 34.5-37.5 5.1-9.4 0.7- 5.2

S = Surface; M = Middle; B = Bottom.
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TABLE G-3

METHODS OF ANALYSIS USED TO MEASURE SELECTED CHEMICAL PARAMETERS

ST. LUCIE PLANT
1979

Parameter Method Reference

Ammonia nitrogen (NH3-N)

Nitrate nitrogen (N03-N)

Nitrite nitrogen (N02-N)

Silicates (Si0 -Si)
2

Orthophosphate (P04-P)

Total organic- carbon (TOC)

Indophenol

Cadmium reduction

,Diazotization

Heteropoly blue

Ascorbic acid

Combust ion-i nfra red

Strickland and Parsons,
1972, p. 87

APHA, 1976, p. 423

APHA, 1976, p. 434

APHA, 1976, p. 490

APHA, 1976, p. 481

APHA, 1976, p. 532
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TABLE G-4

RANGES OF SELECTED CHEMICAL PARAMETERS (NUTRIENTS)
RECORDED AT OFFSHORE AND INSHORE (CANAL) STATIONS

ST. LUCIE PLANT
1979

Station and NH3-N
de tha m /1

N03-N
m /1

N02-N
m /1

Si02-Si
m /1

P04-P
m /1

TOC

m /1

offshore
0 S

M

B

<0.01-0.09
<0.01-0.23
<0.01-0.19

<0.01-0.14
<0.01-0.13
<0.01-0.14

<0.001-0.054
<0.001-0.084
<0.001-0.096

<0.001-0.040
<0.001-0.084
<0.001-0.090

<0. 001-0. 003
<0.001-0.002
<0.001-0.003

<0.001-0.002
<0.001-0.004
<0.001-0.005

<0. 02-0. 10
<0.02-0.24
<0.02-0.26

<0.02-0.16
<0. 02-0- 26
<0.02-0-25

<0.01-0.01 2-4
<0.01-0.01 2-6
<0.01-0-01 2-6

<0.01-0.01 2-4
<0.01-0.01 2-6
<0.01-0.01 2-4

<0.01.-0.08
<0.01-0.14
<0.01-0.12

<0.001-0.038 <0.001-0.004
<0.001-0.056, <0.001-0.002
<0.001-0.106 <0.001-0.004

<0. 02-0. 10
<0.02-0.16
<0.02-0.26

<0.01-0-02 2-6
<0.01-0.01 1-4
<0.01-0.01 2-6

<0.01-0-14
<0.01-0.12
<0.01-0.18

<0.001-0.038
<0.001-0-036
<0.001-0.068

<0.001-0.003
<0.001-0.004
<0.001-0.004

<0.02-0.10
<0.02-0.14
<0.02-0.19

<0.01-0.01 2-4
<0.01-0-01 1-6
<0-01-0-01 2-3

S

M

B

<0.01-0.14 <0.001-0.031
<0.01-0.21 <0.001-0.069
<0.01-0.19 , <0.001-0.094

<0.001-0-004
<0.001-0.004
<0.001-0.004

<0.02-0.07
<0.02-0.20
<0..02-0.25

<0.01-0.01 2-10
<0.01-0.01 2-4
<0.01-0.01 2-6
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TABLE G-4
(c onti nued )

RANGES OF SELECTED CHEMICAL PARAMETERS (NUTRIENTS)
RECORDED AT OFFSHORE AND INSHORE (CANAL) STATIONS

ST. LUCIE PLANT
1979

Station and
de tha

NH3-N
m /1

N03-N
m /1

N02-N Si02-Si P04-P TOC

m /1 m /1 m /1 m /1

S <0.01-0.06 <0.001-0.026 <0.001-0.004 <0.02-0.41
M <0. 01-0. 08 <0. 001-0. 100 <0. 001-0. 005 <0- 02-0. 29
B <0.01-0.17 <0.001-0.113 <0.001-0.005 <0.02-0-29

11 S <0.01-0.06 <0.001-0.102 <0.001-0.005 <0.02-0.36
B <0.01-0.04 <0-001-0.108 <0.001-0.006 <0.02-0.40

<0.01-0.01 2-14 .

<0.01-0.01 2-5
<0.01-0.01 2-3

<0-01-0.04 2-5
<0.01-0.06 1-5

12 S <0.01-0.12 <0.001-0.106 <0.001-0.006 <0.02-0.42 <0.01-0.02 1-4

aS = Surface; M = Middle; B = Bottom.
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TABLE G-5

RANGES Of NUTRIENT CONCENTRATIONS (mg/liter) RECORDED AT OFFSHORE STATIONS

ST. LUCIE PLANT
1972-1979

Feb 1972-Aug 1973
Parameter Worth and Hollin er 1977

thar-Dec 1976
ABI 1977

Jan-Dec 1977 = Jan-Dec 1978
ABI 1978 ABI 1979

- Jan-Dec 1979
ABI resent stud

NH3-N

N03-N

N02-N

I
Si02-Si

P04-P

TOC

<0.01 - 0.07

<0.001 - 0.075

<0;001 — 0.022

0.03 - 0.90

<0.01 - >1-40

not available

<0.02 - 13.70 <0.02 - 0.61

<0.01 - 0.14 <0.01 - 0.07

<0.02 - 0.99

<0.01 - 0-02

3 - 36 1 - 25 1 - 23

<0.01 - 0.34 <0.01 - 0.12 0.02 - 0.35

<0.10 - 0.58 <0.001 - 0.024 <0.001 - 0.211

<0.001 - 0.007 <0-001 - 0.002 <0.001 — 0.013

<0.01 — 0. 23

<0.001 - 0-113

<0.001 - 0.005

<0.01 - 0.41

<0.01 - 0.02

1 - 14
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H. TURTLES

Environmental Technical Specification (Section 3.1.B.f.)

Mi rator Sea Turtl es - The speci es, numbers, and

nesting characteristics of sea turtles that migrate in
from the sea and nest along the east coast of Florida
will be determined on the FPL shoreline property and

selected adjacent control areas in 1975 and 1977. A

study shall .be conducted to determine the effects of
the discharge thermal plume on turtle nesting patterns
and turtle hatchling migration. In addition, control
studies on temperature stress, hatching, and rearing
factors wi1 1 be conducted us i ng turtl e eggs from
displaced nests.

INTRODUCTION

Hutchinson Island, Florida, is an .important nesting area for

Atlantic loggerhead turtles (Caretta caretta; Gallagher et al., 1972).

Each year, from about May to September, female loggerhead turtles emerge

'from the water and crawl up on the beach at night to nest. Each female

deposits approximately 120. eggs in a 60-cm-deep nest hole and the eggs

hatch 50 to 70, days later. The hatchli ng turtles dig out of the sand-
2

covered nest, usually at night, and crawl rapidly across the beach into

the'ea. The rest of their lives is spent in the sea except for the

periodic nesting on the beach by mature females. After nesting, adult

turtles may disperse along migratory routes or remain. at sea in the vi-

cinity of the nesting area.

2

In addition to the loggerhead turtles, Hutchinson Island supports

limited nesting of Atlantic green turtles (Chelonia eddas) and leather-

1 1 «1 A~Dh 1 1; 2 11 gk 1., 12122. 211

turtles in Florida are protected by the Federal government and by Florida
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statutes. The Federal government classifies the leatherback turtle as an

endangered species, the green turtle as endangered in Florida (threatened

throughout the remainder of its range) and the loggerhead turtle as a

threatened species. Maintaining the vitality of the Hutchinson Island

rookery is of importance in view of the declining world populations of

marine turtles caused by coastal development and fishing pressure (IUCN,

1969, 1971; NMFS,
1978).'n

1970, FPL received a construction permit for an 810-MW nuclear-

powered electric generating station on Hutchinson Island. It has been of

concern to FPL that the construction and subsequent operation of this

plant would not adversely affect the turtle populations offshore of the

island. As a result of this concern, FPL, in conjunction with the

Florida Department of Natural Resources, surveyed the nesting sea turtle

populations of Hutchinson Island in 1971. Since that time FPL has sur-

veyed turtle nesting activity every other year (1973, 1975, 1977, 'and

~ 1979). This report documents the results of this ongoing study through

1979 and discusses the observed spatial and temporal trends in turtle

nesting density and behavior. Because loggerheads dominate the nesting

popul ati ons, di sc ussi ons are based on thi s speci es unl ess otherwi se

noted.

MATERIALS AND METHODS

Nine 1.25-km-long segments of beach established as sample areas by

Gallagher et al. (1972) have been used throughout the 5 years of study

(Figure H-1). The total length of the sample areas was 11.25 km which
I
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comprises 31 percent of the 36.3-km long island. The nine sample areas

were approximately equidistant from each other along the island and were

typical of nearby beach habitats. Accordingly, it was assumed that the

nine sample 'areas were representative of the entire island and that

turtle activity within these areas reflected activity on the entire

i sl and.

The number and distribution of turtle nests on Hutchinson Island for

the 1979 survey was de'termined by counting the number of l oggerhead

turtle nests in Areas 1 through 9. Nest counts were made by observers

patrolling the beach on small off-road motorcycles, Monday through Friday

from 15 Ray through 30 August. All nests located were. numbered, dated,

and marked with an identifying stake to assist observers in keeping

accurate counts and to monitor nest predation by raccoons.

In addition, as in previous study years, 'the'ntire beach from Area

1 south through Area 9 was routinely surveyed for evidence of green and

leatherback turtle nests. Each nest location was recorded and these data

were transmitted to the Florida Depa'rtment of Natural Resources as part

of a cooperative study on these. less frequently occurring species.

To collect data on 1979 turtle populations and nesting behavior, a

tagging/recapture program was begun on 23 May and continued through 17

August 1979. Tagging was conducted south of Area "4 in 1971, 1973, and

1975, and from Area 2 through 7 in 1977 and 1979. This study was done at

night when the female turtles crawl onto the beach to nest. About 19 km
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of beach (Areas 2 through 7, Figure H-2) were surveyed five to seven

nights per week from approximately 9:00 PM until 4:00 AM. Each of three

observers patrolled a 6.4-km region in as short a time as half an hour-

The site at which each turtl e anerged from the sea to nest
was'ecorded.

Once a turtle had begun to deposit eggs or was seen returning

to the sea, an identification tag (Monel self-piercing, National Band and

Tag Co., No. 4-1005, size No. 49) was affixed to the posterior proximal

margin of the right foreflipper. Straight-line -measurements of carapace

length (from precentral lamina to the notch between postcentral laminae)

and maximum width were made using specially designed calipers. Turtles

were not weighed because of the difficulty in placing specimens, which

can weigh in excess of 100 kg, on scales. The presence of marine para-

sites as well as any obvious physical injuries to the turtle were noted.

Often a turtle will crawl up on the beach and begin nest excavation

but will return to the sea without depositing eggs. Although such false

crawls are natural phenomena, extraneous light, sound, movement or other

factors may .increase their likelihood. The presence of biologists in the

turtl e rookery areas at night may have affected turtl e behavior by

increasing the number of false crawls, but the effect would have been

constant throughout the survey areas. In addition, care was taken not to

disturb turtles prior to nesting to reduce the likelihood of a nesting

crawl becoming a false crawl.
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The data derived from this ongoing study include daytime nest

counts, raccoon predation of nests, and nighttime tag and recapture

studies. The intensity and efficiency of the daytime nest count and pre-

dation study remained relatively constant over the entire study period.

However, the nighttime tagging studies in 1971 and 1973 were affected by

variables such as study effort intensity, numbers of available observers,

and study efficiency (differing modes of transportation). Accordingly,

comparisons between each of the study years should be interpreted with

cauti on.

RESULTS AND DISCUSSION

Number and Distribution of Nests

During the five nesting periods studied, a considerable year-to-year

vari'ation in nest density . occurred in each study area (Figure H-3).

Regardless of year, however, the spatial di stribut i on. of turtl e nests

formed a gradient with the lowest densities being found on the northern

portion of the island. Linear regression analysis of variance of nest

density with respect to location describes the gradient of nesting during

each year. The linear regression equations were derived as:

Y =a+bx

Year

1971
1973
1975
1977
1979

E uation

Y = 70.03 + 7.39X
Y = 110.24 + 2.53X
Y = 67.20 + 8.29X
Y = 33.17 + 5.91X
Y = . 16.00 + 12.22X

Coefficient of Determination r2

0. 74
0.61
0.59
0.74
0.96
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where Y = the number of nests,
a = the Y intercept,
b = the slope of the regression line,
X = miles from Ft. Pierce inlet.

The only study year in which the nesting density'as fairly uniform

along the island (b=2.53) was 1973. This distribution was associated

with beach accretion in Areas 1 through 3 during that year (Worth and

Smith, 1976). The nesting density gradient was most marked (b=12.22) in

1979 when early season storms eroded considerable portions of Areas 1

through 3. Historically, the northern portion of, Hutchinson Island has

been subject 'to heavy storm erosion which has reduced the beach at times

to a minimum of 3 m from the water to the primary dune. In addition,
P

wave action frequently forms cliff-like ledges that prevent turtles from
t

crawling to the upper beach which they prefer for nesting'. The simi-

larity between the gradients of beach stability and nest numbers indica-

tes that relative beach stability can influence the nesting preferences

of turtles. This behavioral trait may account for much of the annual

variation in nesting between sample areas (Worth and Smith, 1976).

The influence of the St. Lucie Plant on nest distributi'on was eval-

uated by comparing the observed nesting density in each sample area with

the number of nests predicted by the regression line cal culations.

Except for 1975, when construction activity on the beach was greatest,

nest density at Area 4 (plant site) deviated from the expected value by

less than 14 percent. The 1975 decline in nesting at Area 4 was attri-

buted to the construction of the St. Lucie Plant offshore- intake and

discharge systems. During construction, nesting dropped to 50 percent of

the expected number. At this time, construction crews were operating on
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.a 24-hour schedule using drag lines and other heavy equipment and strong

lights. Additionally, the cofferdam used to construct the discharge pipe

extended 350 m perpendicular from shore and presented a'arrier to

turtles swimming close in along the shore to select a nesting site. It
is reasonable to presume that this barrier made Area 4 less desirable as

a nesting beach. In 1977 and 1979, however, nesting activity in Area 4

returned to the general pattern observed during the other study years.

The total number of nests produced in all sample areas has remained

fairly stable during the 5 study years except for 1977 when the number of

nests produced was only 66 percent of the average of the other years

(Tabl e H-1). However, the similarity of the sl ope val ues in the

regression equations shows that nest distribution in the nine areas in

1977 was similar to that observed in 1971 and 1975. The similarity of

the distribution and number of nests between years indicates that

construction activities and the operation of the St. Lucie Plant has not

affected long-term nest production on the island..

The total number of nests produced on Hutchinson Island was calcu-

lated by extrapolating from the total number of nests in al l sample

areas. Thus, in 1979, the 1449 nests observed along the 11.25 km of the.

36.3-km beach extrapolate to 4676 nests on all of Hutchinson Island.

In past years, various methods have been used to estimate the total

nest production on the island (Table H-1). Gallagher et al. (1972 ) used

a conservative weighted estimate to -arrive at the number of nests on the
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southernmost 31 km of beach in 1971. The northern 5 km of beach were not

included in the 1971 survey because a beach dredge and fill project pre-

vented access. A similar but less conservative method was applied to

1973 nesting data by Worth and Smith (1976). To allow comparison of,

total nesting trends, data from past surveys were recalculated using the

method applied to 1979 data. Total nesting estimates for the entire

island are presented in Table H-1. An estimate of over 4000 nests on the

island appears to be fairly consistent si nce 1971.

Nestin Behavior

Nesti n Success

As discussed previously,,turtles may crawl up on the beach but

return.to the sea without digging a nest or depositing eggs- The causes

of these false crawls are,not clearly understood, but their frequency may

reflect the over-all suitability of a beach for nesting. Beach suit-

ability depends on characteristics such as sand texture, beach stability,

primary dune vegetation, beach slope, lighting, and human activity. The

frequency of false crawls, therefore, can provide an index of the sen-

sitivity of nesting turtles to changes in enviroanental variables which

could be affected by island development and power plant operation. The

index derived from false crawl data used in this report has been termed

"nesting success" and is defined as:

nesting success = number of nests x 100-

number of nests + number of false crawls

H-8
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Nesting success varied with both area and month during each survey

year (false crawls were not recorded in 1971), but no consistent pattern

in these variations was noted (Figures H-4 and H-5). Over-all nesting

success declined each'ear from a maximum of 70 in 1973 to a minimum of

52 i n 1979. These observed decreases were not s ignifica nt

(Kruskal-Wallis test, P ( 0.05; Zar, 1974) except for the large decline

observed between 1973 a nd 1975. Thi s decrease may have ref 1 ected

increased sampling effort in 1975, so this data should be interpreted

with caution. Nesting success data show that power plant operation had

little effect. on turtle nesting success. Two observations support this

contention: 1) the largest decline in nesting success occurred from 1973

to 1975, prior to plant operation, and 2) the spatial variation in

nesting success was not related to power plant proximity. If plant

operation was a factor, the lowest nesting success would be expected in

Area 4. However, in both 1977 and 1979, Area 4 had a mean nesting suc-

cess (53 in 1977; 51 in 1979) equal to or only slightly below the over-

all success.

. In 1975, construction activities apparently reduced the nesting

suitability of portions of the beach near the plant as indicated by low

nesting success in Area 4 (51 percent, the minimum for the year) relative

to over-all nesting success (58 percent). Low nesting success may have

contributed to the low ratio of observed to expected nest numbers for the

area, but beach avoidance was apparently the primary cause of the reduc-

tion in Area 4 nesting. The effects of power plant 'construction were

localized and short term because in subsequent years nest numbers and

nesting success in Area 4 were near expected values.
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The most important factor affecting nesting success appears to be

short-term changes in beach characteristics resulting from natural causes
(

such as storm-induced beach erosion.'or example, a tropical depression

which occurred offshore of Kutchinson Island during 11-17 June 1979 pro-

duced abnormally high tides and rough seas and caused beach flooding and

erosion particularly in Areas 1, 2, and 5 (D. Worth, personal

communication). Ouri ng the storm, an'd for several weeks after, nesting

success was very low in the affected areas.

Longterm effects on nesting success may be caused by increased

beachfront development and increased nighttime pedestrian traffic on the

beach. A slight long-term decline in nesting success has been observed

between 1975 and 1979 (1971 and 1973 data cannot be compared with con-

fidence with these latter years). Presently, it is not possible to

d etermi ne whether thi s decli ne refl ect s commerc ial devel opment of the

beach or a reduction in the quality of the nesting beach as a result of

extensive beach erosion.

The slight long-term decline in nesting success has not yet had an

observable effect on the total number of nests produced. However, it
should be noted that a decline in nesting success implies an increase in

effort expended per nest. There may be a threshold of effort per nest

beyond which the total number of nests produced will decline.:At this,

point, turtle populations would be adversely affected.
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Timin of Nestin

Nesting in the nine sample areas usually occurred from Hay through

August. However, in 1975, nests were first observed in April, and in

1971 and 1973 nests were observed into September (Figure H-6). The onset

of nesting occurred in the spring when ocean temperatures increased to

23'r 24.'C. Nesting activity increased with 'ocean temperature to a

maximum in June (except in 1973 when the maximum occurred in July), and

then decli ned so that nesting act iv ity was very 1 ow or absent in

September.

To determine whether 'plant operation was affecting the timing of

nesting, the nesting patterns for preoperational years (1971, 1973, 1975)

and for operational years (1977, 1979) were determined from pooled
dat'a'Figure

H-7) and statistical ly compared (Kolmogorov-Smirnov goodness of

fit, p<0.05; Zar, 1974). This analysis indicated that there has been no

significant alteration of the temporal distribution of nesting during the

years of plant operation.

Renestin Behavior

Green and loggerhead turtles frequently produce more than one nest

per summer.. The distance between successive nests is termed the

renesting distance while the time between deposition of successive nests .

is the renesting interval. For green turtles, the renesting distance can

be quite small (Carr, 1972), a behavior termed site-specific nesting.

Although loggerhead turtle nesting behavior is not as site-specific as

green turtles (Caldwell et al.," 1959; Worth and Smith, 1976), changes in
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the mean renesting di stance could indicate an alteration of nesting

behavior. Consequentl y,'he renest i ng di stance of 1 og gerhead s at

Hutchinson Island was examined by analyzing information from the turtle

tagging program.

The renesting di stance for undi sturbed femal e loggerhead turtl es

ranged from less than O.l km to 15.9 km. Average renesting distances

were calculated from pooled observations for each study year and sta-

t ist ical ly compared (Student-Newman-Keul s Test, p<0. 05; Zar, 1974).

There were no significant differences between mean renesting distances

before plant operation (1975, 4.6'km) and during plant operation (1977,

4.6 km; 1979, 5.0 km; Table H-2). Power plant enviroanental effects such

as heated water discharge are most pronounced in the immediate vicinity

of the plant (Area 4). For this reason, the. 1979 distribution of
I

renesting distances for turtles observed nesting at least once in Area 4

was compared to that of turtles that were never observed nesting in Area

4 (Figure H-8). This analysis indicates no significant difference be-

tween the two groups (Kolmog'orov-Smirnov goodness of fit, p<0.05; Zar,

, 1974).

The .renesting interval of loggerhead turtles is generally 14 days,

but wide geographical and individual variations occur (Cal dwell., 1962;

Hughes et al., 1967). The renesting interval may also vary according to

environmental conditions. For example, as water temperature increases

during the summer, the renesting,interval may decrease (Hughes and Brent,

1972). The apparent sensitivity of the renesting interval to envirorrnen-
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tal temperature makes it an important component of the nesting behavior

in evaluations of plant thermal effects. As with renesting distance,

information on the renesting interval was provided by the turtle tagging

program.

The renesting interval prior to plant operation (1975) ranged from

11 to 19.days with a mean of 13.9 days. During plant operation (1977 and

1979), the renesting interval ranged from 11 to 20 days with means of
1

13.8 and 14.1 days in 1977 and 1979, respectively. Analysis of variance

indicates no significant differences between the means for 1975, 1977,

and 1979 (Table H-3).

Operation of the St. Lucie Plant has not significantly affected the

renest i ng distance or renest i ng interval of 1 og gerhead turtl es on

Hutc hi ns on Isl a nd.

Po ulation Estimates

Population estimates for nesting female loggerhead turtles were

derived from the calculated total nest production divided by the esti-

mated number of nests produced by .each female. The accuracy of this

. methodology depends on the degree to which the nine sample areas are

representative of the entire island and the accuracy of the estimate of

the mean number of nests produced per female per season.

The number of'ests produced by indi vidual females during the 5

study years has ranged from one to nine nests. Several authors have
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suggested that four to five nests per female might generally be expected

(Hughes, 1974; Kaufman, 1975; Worth and Smith, 1976). This figure is
lt

supported by the 14 day internesting period observed for recaptured

turtles. However, on Hutchi nson Island, approximately 55'percent of the

population observed on the beach are seen only once during a season and

the remainder of the turtles generally are recaptured less than four.

times- ' comparison of the numbers of nests produced by tagged turtles

during 1975, 1977 and 1979 study years (Table H-4) suggests that one

turtle visits the Hutchi nson Island tagging beach for every two nests

produced. The implied nesting frequency of two .per season can be recon-

ciled with the 14 day internesti ng period only by assuming that the

balance of the nests laid by tagged turtles are deposited outside the

study area.

Estimates of turtle populations in previus years can be obtained by

dividing the calculated total number of nests by the estimated number of

nests per female (2). Using this method, the number of nesting female

turtles in 1979 is calculated to be 2338. Likewise, it was estimated

that 2291,females nested on Hutchi nson Island in 1971, 2036 in 1973, 2404

in 1975, and 1505 in '977. Previous estimates of nesting females

calculated on the basis of higher renesting frequencies tended to

underestimate the turtle population. Upper and lower limits of popula-
U

t ion estimates were cal cul a ted for al 1 study years using the

corresponding upper and lower limits for total nest estimates each year

(Figure H-9). These val ues indicate that the popul ations are fairly

stable with approximately 2000'females nesting on Hutchinson Island each

year.
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Annual fluctuations in nesting marine turtle populations are common.

These fluctuations have been attributed to envirormental factors

affecting food supply and reproductive potential, variation'in individual

reproductive cycles,'nd variation in population fecundity due to changes

in age structure (Hughes, 1974; Carr et al., 1978).

Predation

The raccoon, ~proc on later, is a 'significant predator of turtle

eggs. Raccoons typical'ly forage al ong the beach at night digging up

nests and consuming the eggs. During the years of study, nest predation

varied widely from year to year. Presumably predation rates ref 1 ect

fluctuations in the size of the raccoon population.

Raccoon predation in the nine sample areas destroyed 28 percent of

the nests in 1971, 43e6 percent in 1973 (study maximum), and 20.8 percent

in 1975'Figure H-10). Predation rose to .38.5 percent in 1977, but

declined to 8.8 percent (study minimum) in 1979. In 1979, the percentage

of total nests destroyed by predation was significantly lower than in all

previous survey years. This low predation rate coincided with high nest

density. However, no significant correlation (P<0.05) was found between

nest abundance and predation within the study areas. When the numbers of

nests destroyed in each area are compared over the. 5 study years, a

general decline in nest predation is seen.
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A decline in turtle nest predation probably reflects a reduction in

raccoon populations. While no data are available to document reduced

raccoon popul at ions, the decl i ne in predation in the rel at ively

undisturbed Areas 1 through 3 indicates some factor, besides disturbance

due to beach development, is working to reduce raccoon activity.

Green and Leatherback Turtles

The green and leatherback turtles nest on Hutchinson Island but less

commonly than the loggerhead. Since 1971, the number of green turtle

nests has ranged between 5 and 37 per year while leatherback nests were

between 1 and 7. Leatherback turtle nesting generally begins in late

April or early I'lay while green turtle nesting begins in„late June- Since

1971, there has been a gradual shift in the preferred location for
4

nesting„'on the island (Figure H-11). In the study years between 1971 and

1975, 81.3 percent of the nests of these species were deposited between

Areas 6 and 9. In the combined study years 1977 and 1979, the percentage

of nests south of Area 6 declined to 24.1 percent of the nests on the

island. Since this trend has not been evidenced by loggerhead turtles,

it appears that the green and leatherback turtles may be more sensitive

to 'some environmental change that has occurred on the south end of the

i sl and.

The number of green turtl e nests on the island appears to have

declined sl ightly during the years of study; however, in'978 (a non-

survey year ), 62 green turtle nests were located on the island by the

Florida Department of Natural Resources (Ross Witham; personal

communication).
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The size of the endangered Florida population of green turtles has

been estimated to be less than 100 adults (NMFS, 1978) with 8 to 13 fe-

males nesting on Hutchinson Island (Worth and Smith, 1976). Using an

approximation of two nests per female, the 1978 population was 31 females

while the survey years between 1971-1979 'produced estimated populations

of between 3 and 19 females.

SUMMARY

During the five nesting periods studied, there was a considerable

variation in nest density in each study area. Nest density formed a gra-

dient along the length of the beach. The lowest densities were observed

on the northern portion of the island because of the instability of the

nesting beach. Operation of the St. Lucie Plant has not significantly

affected over-all nesting density of loggerhead turtles.

In 1975, during construction of the St. Lucie Plant intake and

discharge systems, nest density and nesting success was reduced in Area 4

(plant site). However, in 1977 and 1979, there was a return to the

general pattern previously observed.

The total number of nests produced on Hutchi nson Island was calcu-

lated to be 4676 during 1979. An-estimate of over 4000 nests produced on

the island by approximately 2000 females appears to be fairly consistent

since 1971.
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No s igni fica nt al teration of temporal di stributi on of nesting,

renesting behavior, or nesting success has occurred during the years of

power plant operation.

Nest predation by the raccoon, ~Proc on later, varied widely. No

significant correlation was found between nest abundance and predation

within study areas. A general decline in nest predation was observed

which may ref1 ect a decline in the raccoon population on Hutchinson

I sl and.
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TABLE. H-1

COMPARISON OF NUMBERS OF TURTLE NESTS ON HUTCHINSON ISLAND
ESTIMATED BY VARIOUS AUTHORS

WITH 95K CONFIDENCE INTERVALS OF THE PRESENT, ESTIMATES

ST. LUCIE PLANT
1979

Estimates for entire island

Nests counted Gallagher et al., Worth and Smith, ABI,
Year in 9 areas 1972 1976 1978'resent
1971 1420 '3350 6067 4582 + 236

1973

1975

'1977

1979

1262

1490

'930

1449

5359 4072 + 578

4808 + 245

2801. 3001 2 116

4676 + 152

aThe confidence intervals (P<0.05) were calculated from the residual variance of
the mean. The residual variance is obtained by subtracting the regression
variance from the total variance.

R

Erroneously reported as 2108.
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TABLE H-2

RENESTING DISTANCE DATA RANGES AND MEANS FOR

LOGGERHEAD TURTLES, NESTING ON HUTCHINSON ISLAND
ST. LUG IE PLANT

1971, 1973, 1975, 1977, AND 1979

Param'eter 1971 1973

Year

1975 1977 1979

Range, km

Mean, km

Standard deviation

Number

0.8-10.4

17

0.3-15.9

30

0.1-15.4

4.6

2.8267-

1013

0.1-14.8

4.6

2.9932
'46

0.1-15.9

5.0

3.1267

961

aValues not calculated because of extremely small sample size.
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TABLE H-3

ANALYSIS OF VARIANCE COMPARING OBSERVED LOGGERHEAD RENESTING

INTERVALS (days) BETWEEN SUCCESSIVE RENESTING ATTEMPTS

ST. LUCIE PLANT
1975, 1977$ AND 1979

Source of
variation

Between years

Within years 774 1852.8976 2.3939.

Degrees of Sum of Mean
freedom s uares s uare F value

2 10.7510 5.3755 '.2455

Total 776 1863.6486

aNot significant at P < 0.05.
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TABLE H-4

CALCULATED MULTIPLE NESTING FREQUENCY DERIVED FROM

TAG/RECAPTURE DATA
ST. LUCIE PLANT

1975, 1977, and 1979

Year

1975

1977

1979

Number of
tagged turtles

946

579

739

Number of known nests
by tagged turtles

1706

1091

1322

Ratio number
nests/individual

1.8

1.9

1.8

a1971 and 1979 recapture data were insufficient to contribute to this
analysis.
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