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TABLE OF CONVERSION FACTORS FOR ETRIC UNITS

To convert Multiply by To obtain

centigrade (degrees) (*C x 1.8) + 32 fahrenheit (degrees)

centigrade (degrees) *C + 273.18 kelvin (degrees)

centimeters (cm) 3.937 x 10~I inches

centimeters (cm) 3.281 x 10-2 feet

centimeters /second (cm/sec) 3.281 x 10-2 feet per second

cubic centimeters (cm3) 1.0 x 10-3 liters

grams (g) 2.205 x 10-3 pounds
-2grams (g) 3.527 x 10 ounces (avoirdupois)

3kilograms (kg) 1.0 x 10 grams

kilograms (kg) 2.2046 pounds
1kilograms (kg) 3.5274 x 10 ounces (avoirdupois)

~I
kilometers (km) 6.214 x 10 miles (statute)

6
kilometers (km) 1.0 x 10 millimeters

3liters (1) 1.0 x 10 cubic centimeters (cm3)
-1liters (1) 2.642 x 10 gallons (U.S. liquid)

meters (m) 3.281 feet
1

meters (m) 3.937 x 10 inches

meters (m) 1.094 yards

microns (') 1.0 x 10~0 meters
-3milligrams (mg) 1.0 x 10 grams

milligrams / liter (mg/1) 1.0 parts per million
-3milliliters (ml) 1.0 x 10 liters (U.S. liquid)

-2
millimeters (mm) 3.937 x 10 inches

millimeters (mm) 3.281 x 10-3 feet
-1square centimeters (cm2) 1.550 x 10 square inches
1square meters (m2) 1.076 x 10 square feet

3square millimeters (mm2) 1.55 x 10 square inches

iv
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EXECUTIVE SUMMARY

INTRODUCTION

This document is the seventh consecutive annual report on biotic

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

| reports have been prepared in response to the United States Nuclear

Regulatory Comission's Environmental Technical Specifications found in

Appendix B to Operating License No. DPR-67 and, beginning in 1982, to the

United States Environmental Protection Agency's National Pollutant

Discharge Elimination System Permit Number FL0002208.

The St. Lucie Plant is an electric generating station on Hutchinson

Island in St. Lucie County, Florida. The plant consists of two nuclear-

fueled 850-MW units; Unit I was placed on-line in March 1976 and Unit 2

is scheduled to be placed in operation in the summer of 1983. Both units

are designed to withdraw condenser cooling water from, and discharge

warmed water into, the Atlantic Ocean. The objective of the regulatory

requirements, and of the study, is to assess the effects of plant

construction and operation on the major biotic comunities in the

nearshore marine environment at the plant site.

NEKTON

Studies showed that fish were not accumulating in the intake canal

and that, compared to the number of fish collected at the ocean intake

structures, the number entrapped in the intake canal was low. This low

entrapment was attributed to the velocity caps at the ocean intakes.

I

v

.. _ - _ _ - _ _ - _ _ _ _ _ _ _ - - - _ _ _ _ -_ _ _ _ __ - _ _ _ _ - _ - _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ -

There were no significant differences in the numbers of fish

collected by gill netting among ocean intake and discharge stations.

Generally, more fish were found at intake than at discharge locations.

Large numbers of fish were found during only part of the year, which

showed that the intake and discharge structures were not important enough

as fish attractants to offset natural fish movements and/or migratory

instincts.

Gill netting and trawling at ocean Stations 0 through 5 were deleted

from the biotic monitoring program in May 1982. Differences in the num-

bers of fish collected among these stations during the years of study

have been attributed primarily to the chance occurrence of highly motile

schooling species and to the distance of the stations from shore. The

numbers of fish collected by beach seining, deleted from the program in

1982, have been similar among stations. No detrimental effects of the

thermal plume on fish, including the commercially important migratory

species, have been observed by any of these study methods.

Ichthyoplankton sampling also was deleted from the monitoring

program in May 1982. The most common larval fishes found over the years

of study have been herrings and anchovies, which are primarily forage

species abundant in the St. Lucie area. Differences in ichthyoplankton

densities among ocean stations were attributed to station locations rela-

tive to distance from shore and to natural year-to-year and seasonal

variations. The amount of ichthyoplankton entrained was a very small

percentage of that occurring near the plant and was not considered to be

of significant environmental concern.

vi
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MACR 0 INVERTEBRATES

The NPDES program initiated during 1982 was designed, in part, to

provide background information on macroinvertebrate comunities adjacent

to the St. Lucie Plant prior to the activation of Unit 2. Two major

habitats each supporting a unique assemblage of macroinvertebrates were

identified. Communities inhabiting the sandy sediments of the relatively

shallow beach terrace exhibited lower densities, lower species richness,

lower biomass and lower diversities than those communities inhabiting the

deeper shellhash sediments. Seasonal shifts in the relative abundances

of constituent species occurred within the benthic assemblages in both

habitats.

During 1982, thermal effluents previously emerging from the Y-port

diffuser on the beach terrace were diverted through a new multi-port dif-

fuser extending f arther offshore. Ccmmunities in both major habitats

were potentially affected. Statistical analyses of data indicated that

on the beach terrace, there was no detectable plant effect on densities,

species richness or diversities. Within the shellhash environment, one

of two stations immediately adjacent to the multi-port diffuser displayed

significantly lower densities and species richness than a comparable

control station. Sediment instability associated with pipe construction

and/or discharge turbulence, rather than elevated temperatures, is

thought to have been responsible for the observed differences. Plant

operations appear to affect only those stations in very close proximity

to the discharge pipes when only Unit 1 is operating.

vii
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4

PHYTOPLANKTON

Seasonal variations in phytoplankton densities during the years of

biotic monitoring were typical of natural cycles and did not show adverse

effects resulting from power plant operation. Data suggested, however,

that plant operation altered phytoplankton composition in the discharge|

canal during certain seasons by decreasing or increasing the densities of

some taxa. Phytoplankton densities and chlorophyll-a_ were higher in the

canals than in the ocean. The most probable effect in the ocean of plant

operation was phytoplankton enrichment at the ocean discharge. However,

phytoplankton standing crop was also higher at the control station than

at other ocean stations. The similarity in standing crop at the control

and discharge stations suggested that nearshore habitat conditions are as

important as plant-related effects in determining phytoplankton standing

crop at the ocean discharge station. Phytoplankton monitoring was

deleted in May 1982.

ZOOPLANKTON

The zooplankton composition off Hutchinson Island has not changed

substantially over tl'e years of study. Zooplankton densities, however,

were generally higher at the ocean discharge station than at other ocean

stations. The higher density at the discharge station was associated

with an increase in phytoplankton standing crop at the same location, so

plant operation may have had an indirect effect on the zooplankton at the

ocean discharge. Plant entrainment directly affected zooplankton by

decreasing the number of zooplankton in the discharge canal as compared

to the number in the intake canal. Zooplankton monitoring was deleted in

May 1982.

viii
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l

R0PHYTES.,

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. Macrophyte monitoring was deleted in May

1982.

WATER QUALITY

No statistically significant differences were found among the ocean

stations for measurements of selected physical parameters.

Concentrations of nutrients in the nearshore environment adjacent to the i

plant were dispersed homogeneously but varied with the time of the year.

There have been some differences in nutrient values observed over the
)

years, but these differences have not been related to plant operation.

Water quality monitoring was deleted in May 1982.

TURTLES

There have been considerable year-to-year fluctuations in sea turtle

nesting activity on Hutchinson Island since monitoring began in 1971. In

the vicinity of the plant, low nesting activity in 1975, 1981 and 1982

was attributed to construction of plant intake and discharge systems.

Nesting returned to normal levels following construction in 1975 and is

expected to do so again when present construction activities are

completed. No relationship between total nesting on the island and power

plant operation or intake / discharge construction was indicated.

ix
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Forty-four loggerhead turtle nests were relocated from the plant

intake construction area in 1982. The mean hatch success for these relo-

cated nests was high (77.3 percent), but lower than that for undisturbed

nests.

Since intake canal monitoring began in May 1976, 778 turtles have

been removed. from the intake canal. Differences in the numbers of

turtles found during different years and different months were attributed

to natural variations in the occurrence of turtles in the vicinity of the

plant, rather than to any influence of the plant itself.

The majority (90 percent) of the turtles removed from the intake

canal were captured alive and released back into the ocean. The cause of

death for those turtles found dead in the canal was, for the most part,

u nknown. Evidence did not suggest that drowning or injury sustained from

passage through the intake pipes were significant mortality factors. The

poor condition of many turtles found alive in the canal suggested the

possibility that some individuals, already in poor condition, may have

entered the ocean intakes seeking refuge and died in the intake canal

f rom causes unrelated to plant operations.

Based on size, most of the turtles captured from the intake canal

were sub-adults. The majority (81 percent) of the turtles released alive

were considered to be in good or excellent physical condition, while 19

percent were found in poor condition. Capture / recapture studies showed

that turtles that entered the intake canal were captured and released

X
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within a relatively short time span (average of 10.3 days) and, while in

the canal, body weights did not change appreciably.
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A. INTRODUCTION

BACKGROUND

This document has been prepared in response to the United States

Nuclear Regulatory Commission's Environmental Technical Specifications

found in Appendix B to Operating License No. DPR-67, and to the United

States Environmental Protection Agency's National Pollutant Discharge

Elimination System Permit Number FL0002208.

Florida Power & Light Company (FPL) was issued Permit No. CPPR-74 by

the United States Atomic Energy Commission, now the Nuclear Regulatory

Commission (NRC), in 1970 that allowed construction of Unit 1 of the St.

Lucie Plant, an 850-MW nuclear-powered electric generating station on

Hutchinson Island in St. Lucie County, Florida. St. Lucie Plant Unit I

was placed on-line in March 1976. Unit 1 operation was intermittent

during the remainder of 1976 and, except for brief outages, has been in

operation from 1977 through the present time. In May 1977, FPL was

issued Permit No. CPPR-144 by the NRC for the construction of a second

850-MW nuclear-powered unit, Unit 2. This is being constructed near Unit

I and is scheduled to be placed in operation in the summer of 1983.

St. Lucie Plant Units 1 and 2 are designed to withdraw condenser

cooling water from, and discharge warmed water into, the Atlantic Ocean.

The potential environmental effects resulting from this water use have
,

been and are of concern to both FPL and the regulatory agencies. Because

of this concern, FPL has sponsored environmental studies at the site

since 1971.

A-1
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i

The Florida Department of Natural Resources (DNR) Marine Research

Laboratory conducted baseline environmental studies of the marine

environment adjacent to the St. Lucie Plant from September 1971 to July

1974. From these studies, a series was published by the Florida DNR

entitled Nearshore Marine Ecology at Hutchinson Island. Florida:

1971-1974 (Florida DNR, 1977, 1979). These publications describe the

marine environment prior to operation of the St. Lucie Plant.

In order to provide Unit 1 operational and Unit 2 preoperational

monitoring of the aquatic environment at the St. Lucie Plant, Applied

Biology, Inc. (ABI), was contracted by FPL in 1975 to conduct the ecolo-

gi:al studies program. The results and interpretation of the ABI mont-

toring program conducted from 1976 through 1981 were submitted to FPL in

six annual reports. Two of these annual reports were entitled Ecological

Monitoring at the Florida Power & Light Co. St. Lucie Plant. Annual Re-

port (ABI, 1977,1978) and four were entitled Florida Power & Light Com-

pany St. Lucie Plant Annual Non-Radiological Environmental Monitoring

Report, Biotic Monitoring (ABI, 1979,1980,1981a,1982).

In January 1982, National Pollutant Discharge Elimination System

(NPDES) Permit Number FL0002208 was issued to FPL by the U.S. Environmen-

tal Protection Agency (EPA). The NPDES pennit provides the EPA guide-

lines for St. Lucie Units 1 and 2 biological studies. In May 1982, the

NRC biological study requirements were deleted from the NRC Environmental

Technical Specifications. With the exception of those studies related to

sea turtles, jurisdiction of biological studies at the St. Lucie Plant

A-2
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was thus passed from the NRC to the EPA. Jurisdiction for sea turtle

studies remains with the NRC, considered to be the Lead Federal Agency {

relative to consultation under the Endangered Species Act. Sea turtle
!

study guidelines will be included in the NRC St. Lucie Plant !

Environmental Protection Plan (EPP), when issued for Unit 2.

The biological study plan entitled Proposed St. Lucie Plant

Preoperational and Operational Biological Monitoring Program - August

1981 (ABI,1981b) was approved by the EPA. This plan is to be conducted

in accordance with Part III.F. of the NPDES permit, which states:

Permittee shall continue the approved non-radiological
aquatic monitoring program (revised continuation of
existing program) which serve as St. Lucie 1 operational
and St. Lucie 2 pre-operational and operational. The
program will continue for at least two years after Unit
2 begins commercial operation. After this period the
program will be evaluated by the Permittee and EPA to
assess the continued need or possible deletion and/or
modification of the program. Reports shall be submitted
annually not later than April 30 of the year following
the reporting period.

The six ABI annual reports and physical data gathered on winds

(Dames & Moore,1977), currents (Worth and Hollinger,1977) and the ther-

mal plume (Envirosphere, 1976) showed that the St. Lucie Plant discharge

effects are limited to areas near the point of discharge and that intake

effects of concern are limited to sea turtles. The approved study plan

(ABI,1981b) was therefore designed to evaluate the conditions of nek-

tonic and benthic communities in the near-field area of potential plume

impact ari to monitor sea turtles at the plant and elsewhere along

Hutchinson Island.

A-3
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AREA DESCRIPTION

The St. Lucie Plant is located on a 457-ha site on Hutchinson Island

on Florida's east coast (Figures A-1 and A-2). The plant is approxi-

mately midway between the Ft. Pierce and St. Lucie Inlets. It is bounded

on its east side by the Atlantic Ocean and on its west side by the Indian

River, a shallow lagoon.
1

|
Hutchinson Island is a barrier island that extends 36 km between

inlets and obtains its maximum width of 2 km at the plant site.

Elevations approach 5 m atop dunes bordering the beach and decrease to

sea level in the mangrove swamps that are common on much of the western I

side. Island vegetation is typical of southeastern Florida coastal

areas; dense stands of Australian pine, palmetto, sea grape and Spanish
|

bayonet inhabit the higher elevations and mangroves bound in the lower '

'

elevations and swamps. Large stands of black mangroves. including some

on the plant site, have been killed by flooding for mosquito control over

past decades.

The ocean bottom innediately offshore from the plant' site consists

entirely of sand and shell sediments with no reef obstructions or rock

outcroppings. The unstable substrate li: nits the establishment of rooted

macrophytes or permanent attached benthic communities. Worm reefs occur

in some intertidal areas and provide a substrate more suitable for plant

and animal habitation. However, worm reefs are limited both in locations

found and area covered.

A-4

. - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ -



______________ _____ _

The Florida Current, which flows parallel to the continental shelf

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

Hutchinson Island, the current is approximately 33 km offshore. Oceanic

water associated with the western boundary of the current periodically

meanders over the inner shelf, especially during summer months.

PLANT DESCRIPTION

The St. Lucie Plant consists of two 850-MW nuclear-fueled electric

generating units (one operational and one nearing completion) that use

nearshore ocean waters to cool the plant's condensers. Water for the
i

once-through cooling system enters the plant through three submerged

intake structures (two operational and one nearing completion) located

about 365 m offshore. Each of the intake structures is equipped with a

velocity cap to minimize fish entrapment. Horizontal intake velocities j

|
are less than 30 cm/sec. From the intake structures, the water passes I

through submerged pipes under the beach and dunes that lead to a 1500-m

long intake canal. This canal transports the water to the plant. After

passing through the plant, the heated water is discharged into a 670-m

long canal that leads to two buried discharge pipelines. These pass

underneath the dunes and beach and along the ocean floor to the submerged

discharges, t~ne first of which is approximately 365 m offshore and 730 m

north of the intake.

Heated water leaves the first discharge from a Y-shaped nozzle

(diffuser) at a design velocity of 396 cm/sec. This high-momentum jet

entrains ambient water resulting in rapid heat dissipation. The ocean

A-5
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;

j depth in the area of the first discharge is about 6 m. Heated water

leaves the second discharge through a series of 48 equally spaced high

velocity jets along a 323-m manifold (multiport diffuser). This diffuser

starts 168 m beyond the first discharge and terminates 856 m from shore.

The ocean depth at discharge along this diffuser is from about 10 to 12

m. As with the first diffuser, the purpose of the second diffuser is to

entrain ambient water and rapidly dissipate heat. From the points of

discharge at both diffusers, the warmer water rises to the surface and

forms a surface plume of heated water. Under normal full-load con-

ditions, the maximum increase in water temperature at the surface seldom
|

exceeds 2.8'C above ambient. The plume then spreads out on the surface 1

of the ocean under the influence of wind and currents and the heat dissi-

pates to the atmosphere.

A-6
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B. NEKTON

NRC Environmental Technical Specifications (Section 3.1.B.c.; deleted May

1982)

Nektonic Organisms - Samples will be collected
monthly by trawling, seining or other suitable
method. Types and numbers of organisms pre-
sent will be determined, including species of
migratory fish of commercial and sports
fisheries value such as bluefish and mackerel .

NRC Environmental Technical Specification (Section 4.1; deleted May 1982)

Ichthyoplankton - 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-

g roups , if possible - shall be performed.
Present "st ate-of-t he-a rt " information shall
b: used to attempt to quantify the mortality
of the organisms due to entrainment. This
program shall determine the seasonal abundance
of fish eggs and larvae.

EPA NPDES Permit Required Condition (issued January 1982; as delineated

in AB-358 [ABI,1981a3 and approved by the EPA)

Nektonic Organisms - Samples will be collected
by gill netting once per month during April
through September and twice per month during
October through March. Kind and abundance of
organisms present will be determined.
Physical measurement will be made at the same
time as the nektonic sample collections.
Parameters neasured will be water temperature,
salinity, dissolved oxygen and turbidity.

B-1
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INTRODUCTION

Fish distribute themselves within the aquatic ecosystem according to

their biological limitations and needs. A consequence of this distribu-

tion has been the development of fish communities or assemblages that

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

faunal communities off Hutchinson Island are unique because they are

transitional between temperate northern faunas and tropical southern

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

perature changes or fluctuations in the proximity of the Florida Current

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

abundance of fish in this area. Similarly, although on a much more lo-

calized scale, operation of the St. Lucie Plant could affect these fish

ass embl ages.

Applied Biology, Inc. (ABI) began monitoring in December 1975 to

examine the composition and abundance of fish near the St. Lucie Plant

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

in terms of plant operation. Monitoring studies were conducted in the

intake and discharge canals and in the ocean. Canal samples were taken

by gill netting. Samples from the ocean were taken by gill netting,

trawling and beach seining. In analyzing canal samples, the emphasis was

on the impact on fishes of becoming entrapped in the intake canal. In

analyzing ocean samples, the emphasis was on the possible effects of the

ocean thermal discharge upon migratory fish of sport and commercial

importance. In addition, ichthyoplankton sampling was conducted in the

canals to evaluate entrainment effects and in the ocean to evaluate ther-

mal discharge effects.

B -2
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The data obtained during environmental monitoring were compared
,

i
Iamong operational study years and between operational study years and

preoperational (baseline) study years (ABI, 1977 - 1980, 1981b,1982).
! Beginning in 1982, fish monitoring station locations and sampling fre-

quency for ocean gill netting were changed, as delineated in the methods

section. These sampling changes enabled a more accurate assessment of

fish distribution and abundance in the immediate vicinity of the ocean

discharges and intakes. Canal gill netting was retained to monitor fish

entrapment in the intake canal. As during other study years, emphasis in

1982 was placed on potential plant effects on the migratory fishes of

sport and commercial importance. Trawling, beach seining and

ichthyoplankton sampling were deleted from the monitoring program after

the May 1982 samples were collected.

MATERIALS AND METHODS

Canal Gill Nets

Monthly gill net collections were taken at two stations in the

intake canal to determine if fish were accumulating in the canal because

of entrapment. Both stations were located between the Hwy A1A bridge and

the plant intake screens (Figure B-1), although exact location varied

because of dredging operations in the canal. Sampling was not conducted

during 1982 in the discharge canal because the circulating water pumps

were not off for any extended period.

B-3

.

. . .
_ -



_ _ _ _ _ _ _ _ _ _ _ _

The canal gill nets were 61 m long by 3 m deep and were constructed
I

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

completely spanned the canal. Sampling duration was two consecutive
,

24-hour periods at each station during' esch month. Af ter each 24-hour

period, fish and shellfish were removed from the nets. Specimens were

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

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 fish. Total )
!

length was measured for sharks and other fishes with indiscernable tail-

fin bases. Disk width was measured for rays. Carapace (shell) length

was measured for lobsters and carapace width was measured for crabs. The

taxonomic nomenclature for fishes is in accordance with Robins et al.

(1980).

s

To facilitate data comparisons, the species data were often sun- |
{

marized by taxon in the text and tables. Taxa are groups of closely

related fishes, such as those of the same genus or family.

Ocean Gill Nets

Monthly gill net collections were made from January through tiay 1982

at each of six ocean stations. Stations 1 through 5 were in the vicinity

of the plant and Station 0, the control, was located to the south (Figure

B -2 ) . Beginning in February 1982 and continuing through December, gill

net collections were taken at Stations F1 and F2 in the vicinity of the |

ocean i ntakes, Stations F3 through F7 in the vici nity of the ocean

discharges, and at Station C1 further offshore (Figure B-3). These eight

B -4
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stations were established to enable comparison of fish distribution and

abundance 1) in relation to distance from the thermal discharge, 2)

between ocean intake and ocean discharge, 3) between ocean intake and

intake canal and 4) among years (Stations F3 and C1 were formerly

Stations 1 and 2, respectively).

Sampling at Stations F1 through F7 and C1 was conducted once per

month during the months of April through September and twice per month

during the months of October through March (with the exception of January

1982, which was prior to the start of the new program). The increased

sampling frequency in the late fall and winter months coincided with the

expected increased abundance of the important migratory fishes in the

area.

The ocean gill net was 183 m long by 3.7 m deep and was made up of

five 36,6-m panels sewn end-to-end. The mesh sizes of the panels were

64, 74, 84, 97 and 117 mn in stretch lengths. The net was set on the

bottom, perpendicular to shore, and fished for 30 minutes at each sta-

tion. If large numbers of fish were encountered, the net was fished for

shorter periods of time and the catch extrapolated to a 30-minute set.

Specimens collected by ocean gill netting were analyzed by the same

methods described under Canal Gill Nets.

B-5
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Trawl
'

Monthly trawl samples were taken at ocean Stations 0 through 5 from i
I

January through May 1982 (Figure B-2). One 15-minute tow was made at j

l

each station with a 4.9-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 each station. To reduce net avoidance by the fish, all

trawling was conducted at night. Fish collected by trawling were ana-

lyzed by the same methods as described under Canal Gill Nets. Macroin-

vertebrate samples were obtained concomitant with the fish samples and

are discussed in Section C. Macroir; vertebrates.

Beach Seine

Beach seining was conducted each month from January through May 1982

at each of three stations: Station 6 north of the discharge, Station 7

between the discharge and intake adjacent to the plant, and Station 8

south of the intake (Figure B-2).

The seine was 30.5 m long by 1.8 m deep 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. The

rolled net was carried out to a depth of approximately 1.2 m, deployed

parallel to shore and then pulled onto the beach with the ends perpen-

dicular to shore. Three replicate seine hauls were made at each station

during each sampling period. Fish collected by seining were analyzed by

the same methods as described under Canal Gill Nets.

B-6
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Ichthyoplankton

Ichthyoplankton sampling was conducted from January through May 1982

at ocean Stations 0 through 5, Station 11 in the intake canal and Station

12 in the discharge canal (Figure B-2). Ichthyoplankton samples were

also collected at an additional ocean station (Station 01), which was

established at the ocean intake specifically for ichthyoplankton

sampli ng. Samples were collected twice a month during the daytime using

paired 20-cm diameter, 505-p mesh bongo nets. 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 01 in the same

manner to sample that parcel of water being drawn into the intake pipe.

At Stations 11 and 12,15-minute step-oblique tows were taken to sample

the canal ichthyoplankton population drawn in from ocean waters and cir-

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

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

of water filtered.

Ichthyoplankton specimens retained in the cod-end collecting bucket

were washed into jars, preserved in 5-percent formalin solution in the

field and returned to the laboratory for microscopic analysis. Eggs were

counted and their diameters measured. Eggs were not identified to taxon

because of the l ack of specific egg descriptions in the scientific

literature. Larval fishes were identified to the lowest practicable

taxon, counted and their total length measured to the nearest tenth of a"

iaillineter. Ichthyoplankton densities were expressed as the number of

eggs or fish larvae per cubic meter.

B-7
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RESULTS AND DISCUSSION

Canal Gill Nets

Intake canal gill netting resulted in the collection of 399 fish

during 1982 (Tables B-1 and B-2). Total fish weight recorded was 178 kg;

however, this weight included fragments (partially eaten fish) so the

undamaged weight would have been somewhat greater. A total of 7

shellfish, weighing 2.5 kg, was also found during intake canal gill
I

netting (Table B-1).

The intake canal gill netting data show that fish were not accumu-

lating there. The average catch rate over the past seven years ranged

from 3.5 to 12.5 fish per 30 m of net per day (Figure B-4). Peaks of

abundance in 1977 and 1978 (Figure B-4) were primarily caused by influxes

of blue runners and crevalle jacks. The average catch rate was highest |

in 1980 when influxes of spot (a member of the drum family) inflated the

average number of fish present. The reasons for relatively high numbers

of certain fishes entering the intake on limited occasions are not known.

Predation, sampling and other mortality factors have probably prevented

any build-up of fishes in the intake canal.

The hardhead catfish, a non-food fish, was the most abundant species

found in the intake canal during 1982. It accounted for 23.8 percent of

the total number of fishes collected and 17.4 percent of the weight

(Table B-1). The porkfish, which was the most abundant species in 1981,>

was second in abundance in 1982. Based on taxa, catfish were followed in

abundance by grunts (that include the porkfish and black margate),

B-8
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porgies (sheepshead, pinfish and silver porgy), snappers and lesser

numbers of other groups (Table B-7. ) . As occurred in previous study (

years, blue crabs were the predominant shellfish found in 1982 (Table

i B-1).

Scveral of the fishes collected in the intake canal were of sport or

commercial importance. These included snappers, sheepshead, crevalle

jack, drum and mullet. However, the loss to sport or commercial i

interests was negligible, particularly as compared to the weight of )

fishes in the commercial landings (Table B-3). The primary ccmmercial

fishes in St. Lucie and Martin Counties are Spanish mackerel , king

mackerel and bluefish. During the past seven years, only 5 Spanish

mackerel,10 king mackerel and 36 bluefish have been collected iri the

intake canal. Thus, mackerel and bluefish, which pass Hutchinson Island

during seasonal migrations, usually avoid entrapment.

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

1

seven years (Figure B-4), the taxa represented in the intake canal

collections varied considerably (Table B-4). For example, drum were

|abundant during 1976 and 1980 and less common during the intervening
|

years; jacks were more abundant in 1978 than in either the previous or

following years; and catfish accounted for a large proportion of the

catch in 1982 for the first time since sampling began. These differences

are attributed to natural yearly variations in fish population com-

position, to the chance occurrence of schooling fishes, and to variations

in the total yearly sample sizes from which the percentage compositions

B-9
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of the taxa are calculated. For all fishes during the seven years com-

bined, grunts accounted for about 20 percent of the gill net catch,

followed by snapper, drum, jacks and porgies at 12 to 14 percent, and

mullet, catfish and searobin at less than 6 percent (Figure B-5). These

fishes are all common offshore Hutchinson Island and were the ones com-

monly found in the intake canal.

In contrast to the number of fish collected during ocean studies

(covered in the next section), the number entrapped in the intake canal

was low. This low entrapment is attributed to the velocity caps at the

offshore inlets of the intake pipes, which maximize the horizontal flow

of water into the intake. Fishes may be entrapped by a downward flow but

are more likely to detect and avoid a horizontal flow (Clark and

Brownell ,1973) .

Ocean Gill Nets

5tations 0 Through 5

A total of 180 fish was collected by gill netting at Stations 0

through 5 during the 5 months these stations were sampled in 1982 (Table

B-5). Spanish mackerel composed the largest percentage of the catch,

accounting for 43.3 percent of the number of fish and 42.8 percent of the

weight.

The largest number of fish at Stations 0 through 5 in 1982 was

collected at Station 1 (Table B-6) near the point of discharge. That

most fish were found near the discharge was consistent with previous

B-10
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i year's study results. Over the past seven years, 37.2 percent of the

fish have been collected at Station 1, 26.1 percent at control Station 0

and 6.4 to 11.5 percent at Stations 2 through 5. Statistically, the

catch has been significantly higher at Station 1 than any other station |

over all years combined and higher at Station 0 than at Stations 2, 3 and

4 (P10.05; ANOVA and Tukey's HSD; 1982 was not included because it was

only sampled during 5 months).

Several factors accounted for the observed differences in the number

of fish collected among Stations 0 through 5. Some highly motile, often

migratory schooling forms were collected by chance as they moved through

the area. Other forms, such as forage species and the predators that

feed on them, tend to be more abundant near shore. The bottom relief,

warmer water and turbulence associated with the ocean discharge pipes

probably also attract forage fish and their predators. For these

reasons, these fish appeared more frequently at the nearshore stations.

Stations F1 Through F7 and C1

A total of 4152 fish weighing 1529 kg was collected by gill netting

at Stations F1 through F7 and Cl during the 11 months these stations were

sampled in 1982 (Table B-7). Spanish mackerel conposed the largest per-

centage of the catch, accounting for 25.8 percent of the number of fish

and 38.7 percent of the weight. Menhaden, Atlantic bumper and drum

(including the spot and Atlantic croaker) followed Spanish mackerel in

abundance (Tables B-7 and B-8).

B -11
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i

The most fish were collected during December, when the catch |

averaged 97.6 fish per net set (Figure B-6). Spanish mackerel were par-

ticularly abundant in December and composed almost 43 percent of the

catch during that month. The fewest fish, average of 2.3 fish per net

set, were found during August.

|

There were no statistically significant differences (P<0.05; ANOVA)

in the numbers of fish collected among Stations F1 through F7 and C1.
'

1

Nevertheless , general trends in the distribution and abundance of fish

among these stations are apparent. The most fish,1017 individuals or

24.5 percent of the total, were collected at Station F1, just south of

the submerged ocean intake structures (Table B-9; Figure B-7). Station

F6, just south of the submerged multi-port diffuser, was second in fish

abundance with 714 individuals or 17.2 percent of the total. At both

intake structures and multi-port diffuser, more fish were found at the

south station than at the north station (F1 compared to F2 and F6 com-

pared to F7; Figure B-7). This trend often occurred on a month-to-month

basis (Table B-9), as well as for total fish for the year. The water

current along the island is usually unidirectional (to the north) and the

majority of the fish were found down-current of the submerged structures.

Therefore, the reason for the north-south differences in fish distribu-

tion is probably behavi oral; that is, based on how fish align with

respect to an underwater obstruction in the presence of a current.

Conparison between intake stations (F1 and F2) and discharge sta-

tions (F3 through F6) shows that, station for station, more fish occurred

B -12
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in the area of the intake (Figure B-7). Based on catch-per-unit effort,

the average number of fish found per net set was 48 at the two intake

stations and 27 at the five discharge stations. Fish are attracted to

any structure that stands out from the open bottom or open ocean, as evi-

denced by the widespread use of artificial reefs to attract and provide

habitat for fish and, in turn, concentrate fish for fishermen. At the

St. Lucie Plant, it is apparent that fish were attracted to the ocean

intake and discharge areas (Figure B-7 and station comparisons among

Stations 0 through 5 in previous study years). It is also apparent,

however, that large numbers of fish were only in these areas for part of

the year (Figure B-6). In other words, fish that were in the area may

have been attracted to the intake and discharge structures, but they were

not held there and eventually moved on. This has particularly important

implications for the migratory species, such as the Spanish mackerel,

because it shows that these structures are not important enough as an

attractant to offset natural migratory instincts and movements.

The reason for more fish being found in the intake area than the

discharge area is probably related to the configurations of the intake

and discharge structures. The ocean intakes rise off the bottom to 2.4 m

beneath the surface and cover a very limited area (where fi sh

concentrate) relati ve to the discharge lines and diffusers. The
..

discharge lines run along the botton and, thus, are low in profile and
'

cover a large area (along which fish disperse) relative to the intake

structures.
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Stations F3 through F5 were established to enable comparisons of
i

fish abundance at the Y-port diffuser and at two locations potentially

influenced by the thermal plume down-current from this diffuser. During

most of 1982, however, the Y-port diffuser was not in use (the original

Unit 1 discharge line was capped at its point of exit from the discharge

canal) and the multi-port diffuser was used instead. Additionally, the

heat discharged from the multi-port diffuser dissipated so rapidly that

only slight temperature differences were recorded at multi-port diffuser

Stations F6 and F7 (Table B-10). No comparisons of fish abundance down-

current from the point of discharge could be made for 1982. However,

because of the lack of any thermal gradient, it is doubtful if any dif--

ferences related to thermal conditions existed.

There was an increasing trtr.d in total fishes from Station F3 to F4

to F5 (Figure B-7). However, this trend was inconsistent on a month-to-

month basis (Table B-9) and is not considered meaningful.

Water temperature, salinity, dissolved oxygen and turbidity were

measured at the same time and location as the ocean gill net samples.

With the exception of a few very high turbidity measurements recorded in

October and November, little variation was found in these parameters

among stations on any given sampling date (Tables B-10 through B-13).

B-14
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Migratory Fishes

Migratory species of sport and commercial value found during ocean

gill netting were Spanish mackerel, king mackerel and bluefish. As pre-

viously stated, Spanish mack 7rel were the most abundant fish collected

during 1982. Spanish mackerel migrate north in the spring to spawn

during the summer months in the northern part of their range (north of

Cape Canaveral on the Atlantic coast) and then migrate south in the fall

(Wollam, 1910). Commercial landings of Spanish mackerel in 1977 (the

latest data available) in St. Lucie and Martin Counties totaled 4.4
million kg or 89 percent of the entire Florida east coast landings of

this species (Table B-3).

During five months of sampling at Stations 0 through 5 in 1982, 57

of the total 78 Spanish mackerel (73 percent) were collected at discharge

Station 1 (Table B-6). During the seven years of monitoring at these

stations, a total of 1436 Spanish mackerel was collected: 408 at Station

1, 367 at Station 2, 296 at Station 0 and from 77 to 189 at Stations

3-5.

During eleven months of sampling at Stations F1 through F7 and C1 in

1982, a total of 1072 Spanish mackerel was collected. This large number

relative to other years is attributed to sampling more stations, sampling

more frequently in the winter months, when Spanish mackerel are more
'

abundant, and concentrating sampling effort near shore around the intake

and discharge areas. According to commercial fish houses surveyed, the

Spanish mackerel landings in 1982 were about average, so the increased

|
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catch during monitoring was not attributed to a strong year dmong natural
,

I

yearly fluctuations.

|Of the Spanish mackerel collected at Stations F1 through F7 and C1
!
|in 1982, most were found during the winter months (particularly in

December) and few were found during the sunner (Figure B-6). Based on

migration patterns, this seasonal distribution was as expected. Five

hundred eighty-two Spanish mackerel (54.3 percent) were found at intake

Stations F1 and F2, 253 (23.6 percent) at discharge Stations F3 through |

F7, and 237 (22.1 percent) at Station C1 located further offshore (Table

B-8). Reasons for differences in fish abundance among stations have been

previously discussed. In addition, however, with about 22 percent of the

Spanish mackerel being found at the furthest offshore station, versus

about 7 percent for all other fishes combined, it appears that the intake

and discharge areas may be less of an attractant for Spanish mackerel

than for other species.

The seasonal migratory habits of king mackerel are similar to those

of the Spanish mackerel although king mackerel are usually found further

offshore. In addition to its commercial importance (Table B-3), the king

mackerel is the most prominent marine fish in the Florida sport fishery

(Beaumariage, 1973). Only four king mackerel were found at Stations 0

through 5 during the 5 months sampled in 1982 (Table B-6) and a total of

only 75 have been collected during the seven years of monitoring at these

stations. During the 11 months Stations F1 through F7 and C1 were

sampled in 1982, 34 king mackerel were collected; 22 of these (64.7
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percent) were taken at the 2 intake stations (F1 and F2; Table B-8). The

majority (76.5 percent) of the king mackerel were found in September andI

October.

Bluefish occur off the St. Lucie area in the winter and, like

Spanish mackerel, are generally found near the 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). The northward

movement of bluefish 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 is also impor-

tant in sport and comercial fishing. A total of 396,000 kg was landed

commercially in St. Lucie and Martin Counties in 1977 (Table B-3).

Fifteen bluefish were collected in 1982 at Stations 0 through 5; all

but one of these fish was found at discharge Station 1 (Table B-6). For

all years combined, 60 percent of the total 847 bluefish collected were

taken at Station 1. At Stations F1 through F7 and C1, 224 bluefish were

collected in 1982. The most bluefish were found in April; none was found

in May, June or August (Figure B-6). The relatively high catch in July

shown on Figure B-6 was considered unusual because bluefish are uncommon

off the island during the summer. As occurred with the other migratory

species, the most bluefish (58 percent) were found at the two ocean

intake stations (Table B-8).

I
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| Other fishes of sport and/or commercial importance, although not

considered migratory, also were found during ocean gill netting. They

included menhaden, Florida pompano and the drums, such as weakfish, king-

fish and spot (Table B-7). As shown by the gill netting results, a high

diversity of the larger pelagic fishes occurs offshore Hutchinson Island.

Comparisons Among Study Years

The number of fish collected during ocean gill netting has varied

considerably over the past several years. From 1977, the first full year i

|of plant operation, and continuing through 1982, the catch-per-unit- '

effort has ranged from 15.7 to 54.8 fish per net set at discharge Station

1 (F3) and from 7.9 to 25.3 fish per net set at Station 2 (C1) located

further offshore (Figure B-8). Stations 1 (F3) and 2 (C1) were the two

locations sampled during all study years. Differences between the two

stations are attributed primarily to distance from shore and the probable

attractant effect of the Y-port diffuser. Differences among years at

either station are attributed primarily to natural annual variations in

fish abundance, although heavy clogging of the nets by algae in the

summer of 1980 and suspension of operation of the Y-port diffuser during

much of 1982 may have been partially the cause of fewer fish being found

in those years.

Variations in the taxa of fish making up the catch each year have

also been evident (Table B-14). These variations are attributed pri-

marily to the chance occurrence of the highly motile species involved,

although natural fluctuations in abundance also would alter the relative
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abundance of species. For example, duri ng 1977 the percentage com-

position for Spanish mackerel (33.3 percent) was higher than that found

during any other full study year (Table B-14). Spanish mackerel commer-

cial landings were also higher in 1977 than during the other years. Over

4 million kg were landed in St. Lucie and Martin Counties that year

(Table B-3), while only 3.1 million kg were landed in 1976 (NOAA,1978)

and 1.4 million kg in 1975 (NOAA,1977). This yearly variation in the
|

occurrence of a migratory species could be caused by year-class success,

water temperature and current pattern differences, nearshore versus

offshore movement of the fish, or other factors. Because of the large j

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

the fishes i nvol ved, it is doubtful whether variations in species

occurrence or percentage composition in relation to other taxa could be

attributed to any plant-related effect.

Trawl

A total of 368 fish weighing 17.6 kg was collected by trawling

during the 5 months sampled in 1982 (Table B-15). The leopard searobin,

of neither sport nor commercial importance, was the most abundant fish

found in 1982. It accounted for 23.9 percent of the total number of fish

collected. The pigfish, a member of the grunt family and of some value

as a food fi sh, was the predomi nant species based on weight (28.2

percent; Table B-15).

The total number of fish per station for the 5 months of 1982 ranged

from 47 individuals at Station 3 to 74 at Station 2 (Table B-16). The
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number of fish collected by trawling at the different stations has varied

considerably over the years of environment.1 monitoring. However, for

the seven years combined, the most fishes (26.0 percent of the total)

were collected at Station 1 near the discharge, 19.4 percent were

collected at Station 2 and from 12.4 to 15.2 percent were taken at each

of the other stations. Over six years of monitoring (1982 was not

included because it was only sampled during 5 months), Station 1 had a
.

significantly higher (P10.05; ANOVA and Tukey's HSD) annual mean number

of fish collected than Stations 2, 3 or 4. There were no significant

differences among other station comparisons.

The percentage composition, or relative abundance, of taxa collected

during trawling has varied between the baseline study and subsequent

environmental monitoring studies as well as during each operational moni-

toring study year (Table B-17). [ NOTE: The number of fish collected

during the baseline study (Table B-17) should not be directly compared to

those collected in the operational monitoring studies because stations,

sampling frequency and methodology di f fered.] These differences are

attributed to natural yearly variations in fish population composition,

to the chance occurrence of schooling fishes and to vitriations in the

total sample sizes fron which the percentage compositions of the taxa are

calculated. Because no consistent trends are apparent for any particular

taxon over the years, it is doubtful that percentage composition dif-

ferences were related to plant operations.
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Beach Seine

A total of 948 fish weighing 7.6 kg was collected by beach seining

during the 5 months sampled in 1982 (Table B-18). Sand drum composed j

54.2 percent of the total number of fish collected; gulf kingfish com-

posed 62.7 percent of the total weight. The largest number of fish in

1982 was 360 collected at Station 7 adjacent to the plant, followed by
|
)

309 at Station 6 north of the plant and 279 at Station 8 south of the |
|
'

intake (Table B-19).

During individual study years, the number of fish collected at each

station has varied considerably. For the seven years combined, the most

fish (47.0 percent) were found at Station 8, and 25.2 and 27.8 percent

were found at Stations 6 and 7, respectively. Exclusive of anchovies,

which occurred almost every year but predominated the 1981 catch, the

percentages of fish collected at each station over the seven years com-

bined were similar (30.9 to 38.0 percent). Differences among mean num-

bers of fish collected annually at each station were not statistically

significant (P10.05; ANOVA; exclusive of 1982).

Several of the species collected during beach setning are of sport

or commercial value, but the only species of major economic value was

Florida pompano. During the five months of 1982, 58 pompano were

collected; 333 pompano have been found during the seven years of opera-

tional monitoring. Of these 333 pompano,140 were found north of the

plant, 109 were adjacent to the plant and 84 were south of the plant.

The significance, if any, of this north-south trend is unknown.
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Based on the numbers of individuals collected by beach seining,

anchovies, herring, sand drum and kingfish have been the predominant taxa

collected during baseline and operational studies at the St. Lucie Plant

(Table B-20). Most of the differences in relative abundance among years

are attributed to the chance occurrences of schooling species 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, and the anchovies, which were so abundant during t.he baseline

study, were almost all found on only two occasions during that study. It

is unlikely that these occurrences were related to any plant-induced

effects. [ NOTE: The number of fish collected during the baseline study

(Table B-20) should not be directly compared to numbers from subsequent

operational monitoring studies because sampling frequency and methodology

differed.]

Ichthyoplankton

Ocean Stations

Ichthyoplankton was sampled twice per month for the first 5 months

of 1982. Mean density of fish eggs at ocean Stations 0 through 5 during

this time ranged from 1.9 to 16.0/m3 (Teble B-21). The lowest mean den-

sity of eggs was found at discharge Station 1, while high densities were

found at Stations 2 and 3 further offshcre. Statistical analysis con-

ducted during previous years showed that differences in egg densities

appeared to be related to the location of the stations relative to the

shore: stations located further offshore (2 through 5) often had signi-

ficantly higher egg densities than those stations (0 and 1) located

inshore over the beach terrace 'ABI,1982).
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Mean density of fish larvae at ocean Stations 0 through 5 during |

1982 ranged from 0.5 to 1.5/m3 (Table B-21). Relatively low mean den-

sities of larvae were found at Stations 2 through 5 and the highest den-

sity was found at Station 1. During previous monitoring, larval

densities at Station 1 were significantly higher than at the other sta-

tions in 1978, but there were no significant differences among stations

during any of the other years (ABI, 1982). The most abundant fishes

found during 1982 were herrings and anchovies (Table B-22), primarily

forage fish and the taxon which was also the most abundant during pre-

vious study years.

Fish eggs were found year-round during each study year off the St.

Lucie Plant; maximum densities generally occurred during the spring or

summer (Figure B-9; ABI, 1982). Most of these eggs were probably

herrings and anchovies, based on the relative composition of the fish"

larvae. Fish larvae were also four.d throughout the year during each

study year. The highest larval densities also generally occurred during

the spring and summer (Figure B-9). The majority of the larvae found

during operational monitoring was herrings and anchovies. Blennies,

gobies, mojarras, drums and jacks also were common in samples collected

during each year. Mackerel larvae have been found only occasionally
O

during ichthyoplankton monitoring and no bluefish larvae have been found.

In general, the composition of the larval populat. ions in the St. Lucie

Plant area has not changed appreciably over the years of environmental<

monitoring.
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Collections specifically for ichthyoplankton were not made during

the baseline study in 1971-1973. Therefore, fi sh eggs and larvae

collected in conjunction with baseline and operational zoopl ankton ,

I

sampling were compared. Mean (arithmetic) ichthyoplankton density |

3decreased from 39.0/m3 during the baseline study to 6.8/m during the

1976 operational study, increased to 35.4/m3 during 1978, and then
3decreased again to 17.3/m in 1981 (Table B-23; ABI,1982). These data

are very limited, but suggest cyclic variations in the offshore

ichthyoplankton populations.

Entrainment

3 at intake canalThe mean density of fish eggs during 1982 was 2.3/m

Station 11 and 2.8/m3 at discharge canal Station 12 (Table B-21). The

mean density of larvae was less than 0.1/m3 at both the intake and
3 3discharge canals (0.018/m and 0.013/m , respectively). In general, egg

and larval densities were lower in the discharge canal than in the intake

canal from 1977 through 1981, reflecting egg and larval mortality from

passage through the plant (ABI,1982).

Mean densities of eggs and larvae in the intake canal were lower

than the mean densities found in the ocean during 1977 through 1981 (ABI,

1982). Two factors may explain the lower concentration of eggs and lar-

vae in the intake canal as compared to surface densities found at ocean

stations. First, the intake pipe draws cooling water from a lower depth

where eggs and larvae are not as abundant as in surface areas and,

secondly, mortality may be occurring from mechanical damage or predation

during passage through the pipe or in the intake canal.
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Statistical analysis showed that ocean intake Station 01

(specifically established for ichthyoplankton sampling at the ocean

intake) was at a depth relatively depauperate in ichthyoplankton (AB1,

1982). This finding, however, only partially explained the occurrence of

low larval densities in the intake canal because the density of larvae at

ocean intake Station 01 was still considerably higher than the mean den-

sity of larvae at intake canal Station 11. It thus appeared that the

lower larval densities in the intake canal primarily resulted from loss

to mechanical injuries incurred during passage through the intake pipe

and/or to predation. Mortalities from mechanical inj ury are likely

because most of the larval fish collected from the intake canal were

damaged. Predation is also likely because barnacles that inhabit the

inside surface of the intake pi pe , and fish that aggregate where the

water from the intake pipe first enters the intake canal, probably prey

heavily on larvae passing through the pipe and entering the' canal .

To put the impact of entrainnent into perspective with ichthyoplank-

ton populations in ocean waters, it was necessary to define an offshore

boundary for the region from which ichthyoplankton is potentially drawn.

Station 3 was selected as this boundary, and iish egg and larval popula-

tions beyond this point were assuned to be unaffected by plant operation.

The distance between the designated offshore boundary and the shoreline

is approximately 3500 m and the average depth is 9.2 m. These dimensions

2yield a cross-sectional area of 32,200 m. The near-surface

ichthyoplankton tows sampled populations to a depth of about 3 m.

Because stratification of ichthyoplankton could lead to erroneous popula-
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tion estimates, an additional calculation was made based on the 3-m

2depth; this produced a 10,500 m cross-sectional area. The average

current velocity in this region, with a prevailing direction to the

north, is 0.17 m/sec (Envirosphere,1977; Worth and Hollinger, 1977).

Current velocity multiplied by each of the cross-sectional areas provides

the following figures for the volume of water flowing past the plant:

3 2 35474 m /sec assuming an area of 32,200 m and 1785 m /sec assuming an
2area of 10,500 m ,

Using these volume figures and the technique developed by Goodyear

(1977), it was possible to estimate the percentage of fish eggs and lar-

vae entrained as they drift past the plant. The percentage loss esti-

mates for 1976 through 1981 for fish eggs or larvae were usually less

than 1 percent of the egg and larval populations within the ocean boun-

dary, assuming that mean densities of eggs and larvae in the ocean differ

from those in the intake canal (mC /Cr / 1; Table B-24). The percentagep

loss estimates were higher if it was assumed that ocean and intake canal

mean egg and larval densities were equal (mC /C = 1). The highest per-p r

centage loss (1.81 percent; Table B-24) was calculated using this latter

assumption. Because the percentage loss estimates for eggs and larvae

were a small portion of the ichthyoplankton occurring near the plant,

ichthyoplankton entrainment was not considered to be of significant

environmental concern.
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SUMMARY

Environmental monitoring at the St. Lucie Plant has been conducted

to examine fish composition and abundance and to evaluate the local habi-

tat, distribution and life history of these fish in terms of plant opera-

tion. Results of these studies have been presented in a series of six

annual environmental monitoring reports. Beginning in February 1982,

gill netting was intensified in the immediate vicinity of the plant to

enable a more accurate assessment of fish distribution and abundance at

the ocean discharges and intakes. Trawl, beach seine and ichthyoplankton

study components were deleted from the monitoring program following the

May 1982 sampling.

The intake canal gill netting data showed that fish were not accumu-

lating there and that, compared to the number of fish collected at the

ocean intake structures, the number entrapped in the intake canal was

low. This low entrapment is attributed to the velocity caps at the ocean

intakes. These appeared very effective in enabling fish to avoid being

drawn into the intake pipes. Several of the fishes collected in the

intake canal, such as snappers, sheepshead, drun and mullet, were species

of sport and commercial importance. However, the loss of these fishes to j

sport or commercial interests was negligible considering the low numbers

encountered. It is particularly noteworthy that the important migratory

fishes usually avoid entrapment (only 15 mackerel and 36 bluefish have

been collected in the past seven years).
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During the intensified ocean gill netting program, there were no

statistically significant differences in the numbers of fish collected

among stations in the vicinity of the plant. However, general trends in

the distribution and abundance of fish among these stations were

apparent. More fish occurred at the intake stations than at the

discharge stations, probably resulting from the different configurctions

of the intake and discharge structures, it was apparent that fish were

attracted to both ocean intake and discharge structures. However, con-

centrations of fish in these areas only occurred during part of the year,

which showed that fish were not held there and eventually moved on. This

has particularly important implications for the migratory species, such

as the Spanish mackerel, because it shows that these structures are not

important enough as an attractant to offset natural migratory instincts

and movements.

Sampling by gill netting and trawling at ocean Stations 0-5 (deleted

in May 1982) generally yielded nore fish at the discharge and control

locations during the years of biotic monitoring than were obtained at

other locations. Differences in the number of fish collected among these
!
Istations were attributed primarily to the chance occurrence of highly

motile schooling species and to the distance of stations from shore. No

detrimental effects of the thermal plume on fish, including the commer-

cially important migratory species, could be discerned from the distribu-

tion and number of fish collected. The number of fish collected at each

station by beach seining (also deleted in May 1982) varied considerably

during each study year. However, excluding anchovies, which dominated
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|

the 1981 catch, the numbers of fish at each station for all years com- |
{

bined were similar. None of the differences in species represented or

their relative percentage composition could be attributed to plant opera-

tion.

Ichthyoplankton monitoring (deleted in May 1982) showed that fish

eggs and larvae were generally abundant during the spring and summer of

each year. The most common larval fishes were herrings and anchovies,

which are primarily forage species abundant in the St. Lucie area.

Mackerel larvae have been found only occasionally during ichthyoplankton

sampling and no bluefish larvae have been found. Di fferences in

ichthyoplankton densities among ocean stations were attributed to station

locations relative to distance from shore and to natural year-to-year and

seasonal variations. The average densities of ichthyoplankton found in

the intake canal were lower than those found at the ocean stations, pri-

marily because of mechanical injuries incurred during passage through the

intake pipe and to predation in the intake. The amount of ichthyoplank-

ton entrained was a very small portion of the ichthyoplankton population

occurring near the St. Lucie Plant and, tnerefore, not considered of

significant environmental concern.
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TABLE B-1

NUMBER, SIZE AND PERCENTAGE COMPOSITION OF SHELLFISHES AND FISHES
COLLECTED BY GILL NETTING AT INTAKE CANAL STATIONS

ST. LUCIE PLANT
1982

Range of Percentaae composition

Number of standard Total Number of Iotal

Species individuals lengths (mm) weinht (a) Individuals weight

blue crab 4 140-153 644 57.1 25.6
spiny lobster 3 71-100 1872 42.9 74.4

4

2516 100.0 100.0Total 7 -

hardhead catfish 95 193-325 31,095a 23.8 17.4
porkfIsh 43 132-244 10,807 10.8 6.I

lane snapper 40 188-277 12,148 10.0 6.9
silver porgy 33 139-256 10,380 8.3 5.8
black margate 32 133-374 13,559a 8.0 7.6
spotted scorpionfish 21 149-222 6,657 5.3 3.7
sheepshead 20 180-356 16,533 5.0 9.3
crevalle jack 18 187-320 6,197 4.5 3.5
white mullet 16 260-368 8,497 4.0 4.8
striped mullet 9 295-335 5,604 2.3 3.1

: Irish pomoar.o 9 140-243 3,369 2.3 1.9
gray snapper 7 210-288 2,803a 1.8 1.6
sailor's choice 7 179-243 2,337 1.8 1.3
pinfish 6 237-300 4,204 1.5 2.4
sea bream 6 222-244 2,867 1.5 1.6
white grunt 5 209-287 2,477 1.3 1.4
sand drum 4 234-260 1,099a 1.0 0.6
Atlantic spadefish 3 211-229 2,032 0.8 1.1
pigfIsh 3 240-262 1,330 0.8 0. 7
Atlantic croaker 3 231-254 755 0.8 0.4
nurse shark 2 900-1200b b17,000 0.5 9.5
southern flounder 2 307-380 1,745 0.5 1.0
blue runner 2 255-357 1,221 0.5 0.7
ye1IowfIn mojarra 2 229-252 892 0. 5 0.5

i blackwing searobin 2 173-243 391 0.5 0.2
snook 1 720 5,575 0.2 3.2
southern stingray 1 415 3,650 0.2 2.1
great barracuda 1 494 991 0.2 0.6
tarpon snook 1 302 489 0.2 0.3
schoolmaster 1 236 457 0.2 0.3
bluestriped grunt 1 2IG 406 0. 2 0.2
spot 1 247 400 0.2 0.2
shark sucker 1 216 155 0.2 <0.1
silver Jenny 1 97 25 0.2- <0.1

178,247 99.9c 100.0Total 399 -

a
includes one or more fragments.

b
Estimated; released alive in ocean.

#
Fraction lost in rounding.

i

[
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TABLE B-2

a
NUMBER OF FISHES COLLECTED PER MONTH BY GILL NETTING AT INTAKE CANAL STATIONS

ST. LUCIE PLANT
1982

-.

Total by Percentage
| b

Taxon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec taxon composition

catfish 1 11 26 3 3 2 39 3 / 95 23.8
grunt 4 2 2 10 4 2 1 4 46 3 13 91 22.8
porgy 2 2 11 1 1 4 12 9 23 65 16.3
snapper 4 2 7 6 2 2 3 17 3 2 48 12.0

| mul1et 1 1 2 1 14 1 4 1 25 6.3
| scorpionfish, 1 11 5 6 23 5.8

searobinc,

L jack 10 2 2 2 4 20 5.0
mojarra 2 1 3 2 1 2 1 12 3.0"

,

1 drum 2 6 8 2.0
other fish 1 2 2 1 6 12 3.0

c |Total 11 20 9 49 53 8 9 O 14 133 24 69 399 100.0

|

aFour 24-hour net sets per month.
bTwo net sets in September.
cNets clogged with algae.

8

__ __.____ . _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _

TABLE B-3

COMMERCIAL FISHERY LANDINGS FOR ST. LUCIE COUNTY,
MARTIN COUNTY AND THE FLORIDA EAST C0AST

a
1977

Commercial catch (kg)

St. Lucie Martin Florida
bSpecies County Ccunty East Coast

|amberjack 15,221 4,140 28,930
bluefish 145,333 250,457 622,791

,

catfish, sea 0 8,060 22,263 |

crevalle (jacks) 6,963 13,956 41,710
croaker 1,418 12,526 22,423
dolphin 6,743 145 31,102
drum, black 1,824 12,656 58,034
goatfish 449 33,731 46,875
groupa s and scamp 24,375 7,247 364,595
herring, thread 0 22,630 22,680
king mackerel 898,948 26,452 1,7/5,748
king whiting (kingfish) 8,911 20,231 326,059
menhaden 10,603 28,778 5,794,857
mullat, black (striped) 170,754 134,082 1,265,153
mullet, silver (white) 9,306 3,081 64,228
pompano 32,536 75,478 211,596
sand perch (mojarra) 4,201 36,024 50,239
sea trout, spotted 25,448 3,844 223,986
sheepshead 10,550 45,658 112,334
snapper, mangrove 12,968 3,721 45,810
Spanish mackerel 2,334,137 2,100,765 4,983,786
spot 83,266 34,753 466,760
swordfish 35,932 596 51,454
tilefish 5,846 307 21,655
unclassified, food 24,700 16,077. 102,218
unclassified, misc. 7 25,387 55,460
other fishc 33,326 24,120 1,325,321

Total 3,903,765 2,944,997 18,128,077

aN0AA, 1980. Publication of Florida Landings has since been discon-
tinued.

bSpecies in which over 4536 kg (10,000 lb) were landed in either St.
Lucie or Martin Counties.

cSpecies in which less than 45'a6 kg (10,000 lb) were landed in both St.
Lucie and Mcrtin Counties.
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TABLE B-4

NUMBER AND FERCFATAGE COMPOSITION OF FISHES COLLECTED
,

BY GILL NETTING AT INTAKE CANAL STATIONS DURING ENVIRONMENTAL MONITORING||, ST. LUCIE PLANT
1976 - 1982

1976 1977 1978 1979

Number Number Number Number
,

| of Percentage of Percenuage of Percentage of Percentage
| Taxon fishes composition fishes composi tion fishes composition fishes composition

drum 111 25.0 23 5. 7 33 2.3 27 4.1
mullet 90 20.3 28 7.0 103 7.1 6 0.9
grunt 63 14.2 41 10.2 309 21.2 96 14.5
snapper 62 14.0 49 12.2 244 16.7 151 22.9
jack 37 8.3 56 14.0 336 23.1 70 10.6

scorpionfish, 16 3.6 8 2.0 92 6.3 23 3.5*

searobin
porgy 11 2.5 47 11.7 103 7.1 172 26.0
mojarra 10 2.3 3 0.8 18 1.2 28 4.2
spadefish 2 0.4 84 21.0 57 3.9 6 0.9

shark, ray 2 0.4 34 8.5 23 1.6 14 2.1
catfish 0 0.0 1 0.2 64 4.4 20 3.0
other fish 40 9.0 27 6.7 73 5.1 48 7.3

Total 444 100.0 401 100.0 1455 100.0 661 100.0

4389 - |4267Meters of net 5670 - 3292 --

fished

TABLE CONTINUED
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TABLE 8-4
(continued)

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED
BY GILL NETTING AT INTAKE CANAL STATIONS DURING ENVIRONMENTAL MONITORING

ST. LUCIE PLANT
1976 - 1982

1980 1981 1[82 Total

Number Number Number Number
of Percentage of Percentage of Percentage of Percentage

Taxon fishes composition fishes composition fishee composition fishes composition

drum 485 32.3 54 6.5 8 2.0 746 13.0
mullet 19 1.3 52 5.8 25 6.3 323 5.6
grunt 283 18.8 299 33.1 91 22.8 1182 20.5
snapper 136 9.1 118 13.1 48 12.0 808 14.0

i' jack 106 7.1 109 12.1 20 5.0 734 12.7
$

scorpionfish, 50 3.3 13 1.4 23 5.8 225 3.9
searobin

porgy 197 13.1 114 12.6 65 16.3 709 12.3 |

mojarra 38 2.5 34 3.8 12 3.0 143 2.5
spadefish 17 1.1 22 2.4 3 0.8 191 3.3

shark, ray 66 4.4 3 0.3 3 0.7 145 2.5
catfish 40 2.7 46 5.1 95 23.8 266 4.6
otiar fish 64 4.3 34 3.8 6 1.5 292 5.1

,

Total 1501 100.0 903 100.0 399 100.0 5764 100.0 I
I
IMeters of net

4145 - 2760 - 28912 -fished 4389 -

.

|

|

|

|
|
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TABLE 8-5

NUMBER, SIZE AND PERCENTAGE COMPOSITION OF FISHES
COLLECTED BY GILL NETTING AT OCEAN STATIONS 0-5

ST. LUCIE PLANT
JANUARY - MAY 1982

Percentaae composition
Range of

Number of standard Total Number of Total
Species Individuals lenaths (mm) welaht (a) Individuals welaht

Spanish mackeral 78 355-610 41,438 43.3 42.8
hardhead catfish 18 217-288 5,241 10.0 5.4
bluefish 15 278-419 12,542 8.3 13.0
blue runner 15 228-311 5,985 8.3 6.2
banded rudderfIsh 7 320-352 5,462 3.9 5.6'

sharksucker 4 449-774 5,905 2. 2 6.1
king mackerel 4 439-675 5,018 2.2 5.2
Atlantic sharpnose

shark 4 500-600 3,078 2.2 3.2
spot 4 183-192 609 2.2 0.6
gafftopsail catfish 3 285-390 1,950 1.7 2. 0
yellowfin wnh.aden 3 280-289 1,$52 1.7 1.6
pIgfIsh 3 195-214 643 1.7 0.7
Atlantic bumper 3 183-207 352 1.7 0.4
neakfish 2 309-314 943 1.1 1.0
knobbed porgy 2 171-192 4a9 1.1 0.5
sand drum 2 184-210 370 1.1 0.4
banded drum 2 169-191 314 1.1 0.3
Atlantic thread

5 erring 2 145-154 118 1.1 0.1
AtIantic manta I % 3000 d 0.6 -

cobia 1 510 1,800 0.6 1.9
ledyfIsh 1 423 766 0.6 0.C
sheepshead 1 277 760 0.6 0.8
Florios toa.pino 1 270 620 0.6 0.6
pinfish 1 239 405 0. 6 0.4
Atlantic spadefish 1 160 241 0.6 0.2
siinr Jenny 1 156 128 0.6 0.1
butterffsh 1 126 65 0.6 0.1

bTotal 180 - 96,794 100.3 100.0

Released in the water, not weighed.
b
Fraction osined in rounding.

i

,
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TABLE B-6

a
NUMBER OF FISHES COLLECTED BY GILL NETTING AT OCEAN STATIONS 0-5

ST. LUCIE PLANT
JANUARY - MAY 1982

Total by station

Taxon 0 1 2 3 4 5 _ Total by taxon Percentage composition

Spanish mackerel 7 57 8 1 - 5 78 43.3

21 11.7catfish 5 9 2 - 5 -

| bluefish 1 14 - - - - 15 8.3

blue runner 6 4 - - 2 3 15 8.3
,,

$$ drum 10 5.610 - - - --

| king mackerel - 1 - 2 - 1 4 2.2

l
1 - 1 2 4 2.2shark - -

Atlantic bumper - 3 - - - - 3 1.7

- - - - - 3 1.7menhaden 3

other fish 5 14 1 1 3 3 27 15.0

Total 27 112 12 4 11 14 180 100.0
|

a0ne 30-minute set per station per month.

I
i.
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TABLE B-7
(

NUMBER, SIZE AND PERCENTAGE COMPOSITION OF FISHES COLLECTEJ |
1

BY GILL NETTING AT CCEAN STATIONS F1 THROUGH F7 AND C1
ST. LUCIE PLANT

FEBRUARY - DECEMBER 1982

Percentaqe composition

Number of Range of
of standard Total Number of Total

S pecies Individuals lengths (mm) welqht (q) Individuals welqht

Spanish mackerel 1072 251-601 592,542 25.8 38.7
yellowfin menhaden 651 183-292 196,411 15.7 12.8
Atlantic bumper 474 107-236 37,726 11.4 2. 5
spot 388 148-224 61,108 9.3 4.0
blue runnor 241 192-337 96,284 5.8 6.3
bluefish 224 233-413 130,479 5.4 8.5
crevalle Jac< 212 133-553 83,405 5.1 5. 5
Atlantic cror%er 191 162-245 32,438 4.6 ?.1
At. antic menhaden 122 198-292 39,193 2.9 2.6
banded drum 65 153-207 11,258 1.6 0.7
Atlantic cutlassfish 59 515-394 24,681 1.4 1.6
ladyfish $5 227-523 39,216 1.3 2.6
southern kingfish 46 223-389 15,298 1.1 1.1
weakfish 40 242-Ia6 14,674 1.0 1.0
king mackerel 34 323-530 15,812 C.8 1.0
silver seatr out 31 239-136 11.913 0.7 0.8
gaf f topsall cat!!sh 25 187-332 8,091 0.6 0. '.
Atlantic thread norring 22 442-193 2,310 0.5 0.2
Florloa pcepano 20 I?7-313 5,933 0.5 0.4
hardhead catfish 19 189-275 4,664 0.5 0.3
sand drum 18 1 C.'-360 4,216 0.4 0.3
scalloped hammerhead 17 670-822 35,756 0.4 2.3
bonnethead 16 374-1010 22,0C3 0.4 1.4
l eatherjacket 13 220-256 2,267 0.4 0.1
Atlantic mooafish 13 139-212 1,783 0.3 0.1
pigfish 10 161-104 1,939 0.2 0.1
Atlantic sharpnose shark 9 499-814 8,G64 0.2 0. 6
porkfish 7 134-204 1,354 0.2 <C.1
bigeye scad 6 194-215 1,374 0.1 <0.1
Irish pompano 6 157-172 843 0.1 <0.1
scaled sardine 5 144-156 392 0.1 <0.1
gulf kingfish 4 235-278 1,129 <0.1 <0.1
horse-eye Jack 4 151-177 4 84 <0.1 <0.1
finetooth shark 3 727-924 9,902 <0.1 0.6
cobla 3 347-536 3,044 <0.1 0.2
lookdown 3 131-137 262 <0.1 <0.1
permit 2 328-368 3,025 <0.1 0.2
guaguanche 2 435-436 1,348 <0.1 <0.1
striped croaker 2 181-182 334 <0.1 <0.1
sharksucker 1 514 685 <0.1 <0.1
bulinose ray 1 385 680 <0.1 <0.1
banded rudderfish 1 321 641 <0.1 <0.1
gray snapper 1 278 620 <0.1 <0.1
sheepshead 1 223 442 <0.1 <0.1
northern kingfish 1 290 437 <0.1 <0.1
African pompano 1 204 259 <0.1 <0.1
unicorn filefish 1 234 239 <0.1 <0.1
scrawled cowfish 1 267 205 <0.1 <0.1
spotted scorpionfish 1 148 137 <0.1 <0.1
pinfish 1 161 123 <0.1 <0.1
dusky flounder 1 191 117 <0.1 <0.1
butterfish 1 151 95 <0.1 <0.1
rodear sardine 1 152 81 <0.1 <0.1
silver perch 1 141 55 <0.1 <0.1
blackwing searobin 1 136 51 <0.1 <0.1

Total 4152 - 1,529,404 100.0 100.0
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! TABLE B-8
;

NUMBER OF FISHES COLLECTED BY GILL NETTING AT
OCEAN STATIONS F1 TilROUGH F7 AND C1

1
ST.1.UCIE PLANT

FEBRUARY - DECEMBER 1982

Total by statfor. Total
by PercentageTaxon F1 F2 F3 F4 F5 F6 F7 C1 taxon composition

Spanish mackerel 403 179 36 45 49 72 51 237 1072 25.8i druma 126 119 11 76 69 235 110 40 787 19.0
menhaden 156 59 28 34 216 165 60 55 773 18.6Atlantic bumper 51 32 65 66 40 118 74 28 474 11.4blue runner 43 27 24 17 30 27 25 48 241 5.8bluefish 103 27 21 25 29 4 9 6 224 5.4m

On crevalle jack 41 30 5 15 18 22 75 6 212 5.1
i

'' jackb 33 4 4 4 14 3 2 1 65 1.6Atlantic cutlassfish 9 6 2 42 - - 59 1.4- -

| ladyfish 15 14 7 6 4 1 6 2 55 1.3
, shark 7 2 12 3 5 7 9 45 1.1-

catfish 7 6 7 4 1 11 1 7 44 1.1

| king mackerel 13 9 2 3 5 - - 2 34 0.8'

other fishc- 10 7 7 6 13 8 7 9 67 1.6

| Total- 1017 -521 217 315 491 714 427 450 4152 100.0

aSpot, Atlantic croaker and 9 other species.
bNine species other than Atlantic bumper, blue runner and crevalle jack.!

cNineteen species.
!

:

|

i

. _ . . - - _ - - - - _ -
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TABLE B-9

NUMBER OF FISHES COLLECTED DURING EACH SAMPLING PERIOD
BY GILL NETTING AT OCEAN STATIONS F1 THROUGH F7 AND Cla

ST. LUCIE PLANT
FEBRUARY-DECEMBER 1982

Station
Date F1 F2 F3 F4 F5 F6 F7 F8 Total ,

12 Feb 14 8 10 70 63 14 117 3 299

19 Feb 2 5 6 3 1 2 55 b 74

3 Mar 6 0 9 14 19 30 3 7 88

15 Mar 2 5 .8 35 19 4 3 4 80

22 Apr 43 9 9 55 43 0 4 0 164

25 May 0 1 4 6 8 6 6 0 31

25 Jun 4 0 4 2 1 0 5 9 25

16 Jul 121 17 12 6 6 2 1 3 168

5 Aug 4 4 1 0 5 0 3 1 18

13 Sep 114 121 51 15 49 10 13- 14 387

5 Oct 35 38 22 36 14 12 8 6 171

15 Oct 131 74 11 10 12 6 61 23 328

4 Nov 18 7 20 0 0 8 32 5 90

19 Nov 179 62 0 10 82 238 18 78 -667

16 Dec 45 60 50 52 105 244 63 116 735

22 Dec- 299 110 0 0 64 138 35 181 827

| TOTAL 1017 521 .217 315 491 714 427 450 4152

aOne 30-minute net set- per station per date.
bNo sample; the net was destroyed.

B-51

. _ _ - _ - - _ - _ - - _ _ _ _



TABLE B-10

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, WATER TEMPERATURE (*C)

ST. LUCIE PLANT
1982

Station Current
#Date Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

12 February S 23.0 22.4 23.1 23.0 23.2 23.0 23.4 23.0 N

M 22.3 22.2 22.1 22.2 22.3 22.3 23.4 22.5
B 22.2 22.1 22.1 22.0 22.0 22.2 22.1 22.0

19 February S 23.0 23.0 22.3 22.9 22.9 23.0 22.7 S-

M 23.0 23.0 22.3 22.9 22.8 23.0 22.4 -

B 23.0 23.0 22.4 22.9 22.9 23.0 22.4 -

3 March S 20.5 20.4 21.3 21.2 21.4 20.7 21.2 21.2 N

M 20.3 20.0 20.1 20.3 20.3 20.2 20.6 20.2
B 19.5 20.0 20.1 20.3 20.3 20.0 20.2 20.2

15 March S 22.7 22.9 23.2 23.3 23.2 23.0 23.5 23.0 N

M 22.1 22.2 22.7 22.6 22.7 22.4 23.2 22.5
B 22.0 22.2 22.4 22.4 22.4 22.4 22.5 22.3

22 April S 24.7 24.8 25.1 25.1 25.2 25.0 25.2 25.1 N

M 24.2 24.2 24.7 24.8 25.1 24.2 25.0 24.5
{ B 24.2 24.2 24.5 24.5 24.8 24.2 24.3 24.5

25 May S 25.7 26.0 26.5 26.2 26.0 26.0 27.0 26.7 N
,

M 25.5 25.8 25.9 26.0 25.6 25.8 26.5 26.0 1

B 25.5 25.8 25.9 25.9 25.2 25.8 26.0 25.3

| 25 June S 24.2 25.1 24.1 24.2 24.3 24.9 24.4 25.3 None
| M 23.7 24.0 23.9 23.0 23.3 23.4 24.2 24.6

B 22.9 24.0 23.0 23.0 22.8 22.8 23.0 22.7

.

I

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE B-10
(continued)

PHYSICAL MEASUREMENTS RECOSDED DURING
OCEAN GILL NET COLLECTIONS, WATER TEMPERATURE (*C)

ST. LUCIE PLANT
1982,

"
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

16 July S 27.6 27.8 27.5 27.2 27.3 27.4 28.0 27.5 N
-M 27.4 27.3 26.0 27.2 27.4 27.4 27.5 27.3

B 24.7 24.7 24.8 25.5 25.5 25.7 25.8 27.0

5 August S. 27.1 27.2 27.4 27.2 27.3 27.2 27.5 27.7 N
M 27.0 27.0 27.0 27.0 26.9 27.0 26.8 27.0
B 26.3 25.3 25.5 26.3 25.2 26.9 25.0 25.0,

E3 13 September .S 28.4 28.8 29.0 29.2 29.0 29.0 29.5 29.2 N
' M 28.4 28.5 28.8 29.0 29.0 28.7 29.0 29.0,

B 28.0 28.0 28.0 28.0 28.0 27.9 28.0 27.8

5 October S 28.0 28.0 28.0 28.1 28.1 28.3 28.2 28.2 N
M 27.6 27.8 27.8 27.9 27.8 28.0 27.8 27.5
B 27.3 27.8 27.8 27.8 27.8 27.5 27.5 27.5

15 October S 26.1 26.2 26.8 26.8 26.9 27.1 26.2 26.8 S-

M 26.1 26.2 26.8 26.8 26.9 26.8 26.3 26.2
B -26.0 26.2 26.8 26.9 26.9 26.3 26.2 26.1

4 November S 26.1 26.2 26.3 26.2 26.2 26.4 26.9 26.3 N'

M 26.1 26.2 26.2 26.2 26.0 26.2 26.8 26.0
B 26.1 26.0 26.0 26.0 26.0 26.2 26.5 25.9

19 November S 24.0 24.1 24.8 24.8 24.2 24.9 23.8 24.1 S
M 24.0 24.1 24.6 24.8 24.2 24.2 24.6 24.2
B 24.8 24.0 24.6 24.7 24.1 24.0 24.2 24.8
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TABLE B-10
(continued)

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, WATER TEMPERATURE (*C)

ST. LUCIE PLANT-
1982

Station
CurrentDate Depth" F1 F2 F3 F4 F5 F6 F7 C1 direction to.

16 December .S 22.3 22.4 22.2 23.0 23.1 22.3 23.0 22.3 N
M 22.2 22.3 22.2 22.9 23.0 22.5 22.9 23.3
B 22.2 22.3 22.0 22.9 23.0 22.6- 22.9 23.3

22 Decembe'r- S 18.9 18.9 19.2 19.1 19.7 19.1 19.8 18.8 N
M: 18.8 18.9 18.9 18.8 19.0 19.0 19.8 18.8i' B 18.7 18.8 18.8 18.8 18.8 18.8 19.6 18.8

3

aS = surface, M = mid-depth, B =' bottom.



TABLE B-11

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, SALINITY (ppt)

ST. LUCIE PLANT
1982

Station Current
a

Date Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

12 February S 35.5 35.0 35.5 35.0 35.0 35.0 35.0 35.5 N

M 35.5 35.0 35.0 35.0 35.0 35.0 35.0 35.5
B 35.5 35.0 35.0 35.0 35.0 35.0 35.0 35.5

l 19 February S 35.5 35.5 35.0 35.0 35.0 35.0 34.5 - S
l M 35.5 35.5 35.0 35.0 35.0 35.0 35.0 -

ao

jn B 35.5 35.5 35.0 35.0 35.0 35.0 35.0 -

3 March S 36.1 35.5 35.5 35.5 35.5 35.5 35.5 35.5 N

M 36.1 36.1 35.5 35.5 35.5 35.5 35.5 35.5
| B 36.1 35.5 35.5 35.5 35.5 35.5 35.5 35.5

15 March S 36.1 36.1 36.1 35.5 35.5 35.5 35.5 35,5 N

M 36.1 36.1 36.1 35.5 35.5 35.5 35.5 35.5
| B 36.1 36.1 36.1 35.3 35.5 35.5 35.5 35.5
|

22 April S 36.1 35.5 35.5 35.5 35.5 35.5 35.5 35.5 N
,

M 36.1 36.1 35.5 35.5 35.5 35.5 35.5 35.5 |
'

B 36.1 36.1 35.5 35.5 35.5 35.5 35.5 35.5

25 May S 36.1 36.1 36.1 36.1 36.1 35.5 35.5 36.1 N

M 36.1 36.1 36.1 36.1 35.5 35.5 35.5 36.6'

B 36.1 36.1 36.1 36.1 35.5 35.5 35.5 36.6 s

1

25 June S 36.1 36.1 36.1 35.5 35.5 35.5 35.5 36.1 None
M 36.1 36.1 36.1 35.5 35.5 35.5 35.5 36.1
B 36.1 36.1 36.1 35.5 35.5 35.5 35.5 36.1

- - - - - - - - - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _____ __________
. ,
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TABLE B-11
(ccatinued)

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET CGLLECTIONS, SALINITY (ppt)

ST. LUCIE PLANT
1982

Station
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

16 July S 31.2 35.0 30.7 35.0 34.5 35.0 35.0 33.4 N
M 33.9 36.1 30.7 36.0 36.1 34.5 35.0 33.9
B 30.7 35.0 35.0 34.5 35.0 32.3 35.0 35.0

5 August S 34.5 34.5 35.0 34.5 35.0 35.0 33.4 33.4 N
M 35.0 35.0 33.9 35.0 35.5 33.4 33.9 35.0

co- B 35.5 33.4 35.0 33.9 35.5 35.0 35.0 35.0
'

-

13 September S 35.5 35.5 33.9 33.4 _33.4 34.5 32.9 34.5 N
M 35.5 35.0 33.9 33.4 33.0 32.9 35.0-

B 33.4 34.5 35.0 33.9 33.9 32.9 30.7 33.9
'

5 0cto'ber S 35.0 35.0 35.0 35.0 35.0 34.5 35.0 32.9 N
M 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0,

B 35.0- 35.0 35.0 34.5 34.5 35.0 35.0 35.5
,

15 October S 36.1 35.5 35.5 35.0 35.5 35.5 35.5 35.0 S
M 35.0 35.5 35.5 35.6 35.6 35.0 35.0 33.4
B 35.5 35.5 35.5 36.1 35.5 33.0 35.0 35.0

*

4 November S 35.0 35.5 35.0 35.3 35.0 35.0 35.0 35.5 N
M '35.0 35.5 35.0 35.0 35.0 35.0 35.5 35.0
B 35.0 35.5 35.0 35.5 35.0 35.5 35.0 35.0

19 November S 34.5 34.5 34.5 33.9 34.5 34.5 33.9 34.5 S

M 34.5 34.5 34.5 32.3 34.5 34.5 34.5 35.0
B 35.0 35.0 33.9 34.5 34.5 34.5 31.5 35.0

.

4

_ _ _ _ . _ _ _ _ _ _

-- "
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TABLE B-11

i ' (continued)
PHYSICAL MEASUREMENTS RECORDED DURING

OCEAN GILL NET COLLECTIONS, SALINITY (ppt)
ST. LUCIE PLANT

1982

Station
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

b'
16' December S .35.0 35.0 35.0 35.0 34.5 35.0 35.0 35.5 N'

M- 35.0 35.0 34.5 35.5 35.0 35.0 35.0 35.5
B 35.0 34.5 35.0 35.0 35.0 35.5 35.5 35.5 -

22 December S 35.5 35.5 35,5 35.0 35.0 35.5 35.0 35.0 N
i' M 33.9 35.5 35.5 35.0 35.5 35.0 35.0 35.5

. S3 B 35.0 35.5 35.5 35.0 _35.5 35.0 35.0 35.0

as = surface; M = mid-depth; B = bottom.
.

G

4

.

.
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TABLE B-12

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, DISSOLVED OXYGEN (ppm)

ST. LUCIE PLANT
1982

-

Station Current
a

Date Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

12 February S 8.0 7.9 7.8 7.8 8.0 8.4 8.0 8.5 N

M 7.9 7.8 7.8 7.7 7.8 7.8 7.8 8.3
B 7.8 7.7 7.7 7.4 7.6 7.7 7.6 8.1

19 February S 7.0 7.9 7.8 7.9 7.9 8.1 8.0 S-

M 8.0 8.0 7.9 3.1 8.1 8.2 7.8 -

a3
0, B 7.9 8.1 7.8 8.0 8.0 7.9 7.9 -

os

3 March S 7.3 7.4 7.8 7.9 7.7 7.6 7.4 7.6 N

M 7.3 7.4 8.0 8.0 7.8 7.7 7.5 7.8
8 7.4 7.8 7.6 7.0 7.6 7.7 7.6 7.8

15 March S 7.4 7.5 7.8 7.8 7.7 7.8 7.7 7.9 N

M 7.5 7.6 7.8 7.9 7.8 8.0 7.7 7.9
8 7.5 7.5 7.8 8.1 7.9 8.0 7.5 7.8

i
i

| 22 April S 7.8 7.7 7.8 7.7 7.9 7.7 7.9 7.8 N !

I M 7.7 7.6 7.9 7.8 8.0 7.9 7.8 7.9
B 7.8 7.5 7.8 7.9 3,1 7.6 7.8 7.9

/, 25 May S 7.1 7.2 7.3 7.3 7.2 7.3 7.2 7.2 N/ -

'' M 7.1 7.3 7.4 7.4 7.3 7.3 7.3 7.2'

'

B 7.2 7.4 ' 7.4 7 '. 4 7.1 7.9 7.5 7.4 t /
^

* * v6

25 June S 8.2 7.9 8.0 8.0 8.0 8.0 8.2 8.0 None-

i M 8.1 8.0 8.0 , 8.0 8.1 8.2 8.2 3'. 2 '
.

( B 8.2 8.4 8.2 8.1 0.3 8.5 8.3 8.7
i

'- ,*

'
,

'
s

, s

te
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TABLE R-12 r

(continued) '!.
,

r
'. . PHYSICAL MEASUREMENTS RECORDED DURING

' 0CEAN GILL NET COLLECTICOS,'' DISSOLVED OXYGEN (ppm) d' '

; ST. LUCIE' PLANT
,

'
1982,

.
,

'

'

\.
-

,

,

. Station ' '
3 . 4' .

a CurrentDate Depth 'F1 F2 F3 F4 F5 F6 \ F7 C1 directicr to<
>. ,p' 16 July S ( 7.5' 7.6 7.5 7.4 7.4 7. 8' 78 7.5 N

8
,.

M 6.8 7.6 7.5 7.7 7.5 7.7 +7.7 7.5'. 1 B 7.2 7.5 7.8 7.8 7.8 7.8 7.8 7.5 *>*
t

%
. ., > / c,m '

'

,5 August S 7.0 6.9 6.0 7.0 7.0 6.9 6.7 7.1 N b
.co M 7.0 6.9 6.9 7.1 7,1 6.9 6.6 7.1 '

,

/'& B 7.1 7.0 6.8 7.3 7.2 7.0 6.5 6.8 I \, 'E
,' '

* ,e z. ,
.

,

u

13 September S* 6.6- 6.8 6.7 7.0 7.2 6.7 6.3 6.7 N
'

,

'
'

'+ * 'M ' 6.6 . 6.6 ,6.9 . 7.0 7.1 6.9 6.2 6.9 4,. ,

'

.
s

9 - B 5. 9 . ' 4.8 .6.2 6.8 5.0 6.0 6.5 6.5 "

,

, s,

) . 5 October. S, a 5.5 5.7' 5.5 5.6 5.7 " 5.5 5.6 5.7 N
~

"' '

#

3, 0 ~^.f M' 5.6 5.7 5.3 5.6 5.6 5.6 5.7 5.7 4
-

i .B 5.5' 5.7 5.4- 5.5 5.6 5,6 5.6 5.7 'f f#40 - *
' ,

. \._

15 October S 5.1 5.1 5.3 5.2 5.2 5.0 5.3 5.7 s
: .M 5.1 5.1 5.2 5.2 1 5.1 5.0 5.2 5.4

4.; B 5.1 5.2 5.1 5.3 5.1 4.8 5.2 4.9 '

4 November S 6.0 6.1 6.2 Gl2 6.2 6.1 6.0 6.1 N'
"

M 6.2 6.1 6.2 6.2.1 6.0 6.1 6.0 6.1
B 6.4 5.9 6.1 6.3 ' - 6.0 6.1 6.1 6.2 '

-
-

3 #' s;
. 3

'
, -
~

,

19 November . . S. 16.4 6.4 7.0 6.9 6.7 6.3 6.8 6.5 ' S '-
,

'
' "

M 6.3 6.2 7.0 6.8 6.7 6.3 6.7 6.4
'

B 6.2 5.8 6.7 6.7 6.3 6.2 6.8 6.3
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TABLE B-12'.
(continued)

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, DISSOLVED OXYGEN (ppm)

,

ST. LUCIE PLANT
1982,

. '

Station;=
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

.16 December S- 7. 3 7.3 7.4 7.4 7. 5 7.2 7. 6 7.1 N
'

M. 7.1- 7.2 7.3 7.2 7.2 7.2 7. 3 7.2
B 7.0 7.2 7.4 7.2 7.2 7.2 7.3 7.4

; 22 December S 7. 5 . 7. 5 7. 6 7. 7 7. 7 7.5 7. 3 - 7.4 N
o,

|g -M 7.5 7.5 7. 6 7.7 7.7 7.5 7.4- 7.4
4

- c)- B 7.7~ 7.7 7. 9 7. 8 7.8 7.5 7. 5 7.4.

;

j a5 = surface; M = mid-depth; B = bottom '
,

!

.i

I1; ,

i.

T-

1 .

t

,

f

4
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TABLE B-13

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, TURBIDITY (FTU)

ST. LUCIE PLANT
1982

"
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

12 February S 1.1 1.1 1.1 1.5 1.1 1.1 1.1 0.3 N
i M 0.9 0.9 1.9 1.1 1.1 1.5 0.7 0.9-

B 1.7 0.9 5.2 6.0 1.5 1.1 1.7 0.7

19 February S 1.5 1.3 1.5 1.5 1.5 2.5 2.1 S-

of M 2.1 1.5 1.7 1.5 1.7 2.1 2.1 -

a) B 1.3 1.5 2.5 1.5 2.1 1.9 3.2 -

'

3 March S 1.1 2.3 1.7 1.9 1.9 1.5 1.7 1.1 N
M 1.1 1.5 1.7 1.9 1.9 1.5 1.7 0.9
8 1.1 1.5 2.3 1.9 1.1 1.1 1.5 1.3

15 March- S .1.3 1.3 0.9 0.7 0.7 1.1 0.5 0.2 N
M 1.1 1.5 1.5 0.9 1.1 0.9 0.5 0.2
B 1.1 0.9 0.7 0.9 0.7 0.5 0.7 0.1

22 April S 0.1 0.2 0.3 0.0 0.0 0.0 0.0 0.0 N
M 0.1 0.2 0.3 0.0 0.0 0.0 0.1 0.0
B 0.3 0.3 0.1 0.1 0.3 0.0 0.0 0.0,

25 May S 0.5 0.7 0.9 0.7 1.1 1.5 1.1 0.2 N
M 0.5 0.7 0.2 1.1 0.9 1.1 1.3 0.2
B 0.7 0.9 0.7 1.1 1.1 0.7 1.1 0.3

25 June S 0.7 ' 0.3 0.5 0.2 0.2 0.3 0.1 0.2 None
M 0.3 0.5. 0.5 0.7 0.2 0.2 0.2 0.3
B 0.7 1.1 0.2 1.1 0.3 0.1 0.2 0.5

. - - _ - _ _ _ - _ _ _ _ - _ - - _ _ __ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ - _ _ .



._ .___ __ . - _ - _ _ - __- .

TABLE B-13
(continued)

PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, TURBIDITY (FTU)

ST. LUCIE PLANT
1982

.

Station
a CurrentDate Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

16 July S 0.9 0.7 0.9 0.9 0.5 1.9 1.1 1.1 N
M 3.0 1.9 0.7 0.5 0.3 1.5 0.9 0.9
B 2.5 1.1 1.1 0.5 0.3 1.5 1.5 1.3

5 August S 0.1 0.5 0.3 0.8 1.1 0.7 1.0 0.9 N
M 0.2 0.3 0.9 1.5 1.1 0.9 1.7 0.3

? B 1.3 0.9 1.9 1.3 1.7 0.7 1.1 0.2

| 13 September S 1.3 0.7 1.5 1.5 1.7 2.1 1.9 2.5 N
M 1.3 1.3 1.3 1.7 1.3 1.9 1.7 1.7,

| B 2.1 8.3 1.3 0.9 0.9 1.1 2.1 2.1

5 October S 0.7 1.9 0.7 1.9 1.7 1.3 1.7 1.7 N
M 2.3 7.0 1.5 2.8 1.5 1.1 2.1 0.2
B 3.2 10.2 3.7 6.5 3.9 2.1 5.2 2.3

l

| 15 October S 3.7 3.0 9.2 12.8 11.5 7.2 -- 7.7 6.5 SbM 4.7 3.7 10.2 13.2 21.6 9.2 7.7 5.4b bB 6.0 11.8 9.2 12.5 21.6 10.5 8.0 35.6

4 November S 8.3 2.8 3.4 1.5 2.8 1.9 1.5 2.8 N
M 2.1 3.9 2.5 3.0 1.3 0.9 1.3 2.8

| B 1.9 3.4 3.0 0.9 1.1 0.3 1.1 5.4
,

19 November S 1.7 1.1 5.7 4.9 3.4 3.2 4.9 5.4 S

M 2.8 2.8 5.7 5.4 4.9 3.2 4.7 3.4b b
,

| B 28.8 4.9 7.2 7.7 54.0 6.5 8.9 6.5
i
i

!

!

. _ _ _ _ _ _ _ _ _ - - _ _ - - - _ _ _ _ - - _ _ _ _ _ _ _ .
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TABLE B-13
(continued) i

: PHYSICAL MEASUREMENTS RECORDED DURING
OCEAN GILL NET COLLECTIONS, TURBIDITY (F1U) '

,

ST. LUCIE PLANT
1982

I:

.

Station
Currenta3- Date Depth F1 F2 F3 F4 F5 F6 F7 C1 direction to

$ 16 December S 4.3' 2.4- 5.9 6.2 5.9 5.9 5.9 6.2 N I
M 8.3 5.6 5.1 5.4 6.5 10.3 12.8 7.1

'

B 10.6 9.6 7.7 8.9 10.3 9.6 6.5 11.6
.i

as 22 December S 5.4 5.9 4.6 4.9 4.3 4.3 5.4 4.3 N
as M 4.9 7.4 4.6 7.7 4.9 5.6 5.9 4.3 ,

"' '

B 8.9 4.9 4.6 9.6 6.8 14.6 5.9 3.3

i
1

a .= surface, M = mid-depth, B = Bottom. i
3

; .hVery turbid;' dilution and extrapolation required to obtain value.

i
'

'

'
1

1

)
<

,
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,
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TABLE B-14,

NUMBERANDPERCENTAGECOMPOSITIONOFFISHESCOLLECTEg.
BY OCEAN GILL NETTING DURING ENVIR0ftIENTAL MONITORING

,

'

ST. LUCIE PLANT
1976 - 1982

-

1976 1917 1978 1979,

Number Number Number Number
of Percentage of Percentage of Percentage of Percentage.

Taxon fishes composition fishes composition fishes composition fishes' composition

Atlantic bumper 557 32.1 211 17.2 482 55.1 247- 15.3
crevalle' jack 327 18.9 5 0.4 46 5.3 222 13.8 ..

i blue runner 273- 15.7 71 5.8 91 10.4 77 4.8
'P other jacks 26 1.5' 48 3.9 7 0.8 33 2.1 L

, $
Spanish mackerel 179 10.3 407 33.3 61 7.0 238 14.8 '

'
; king mackerel 3 0.2 29 2.4 1 0.1- 12 0.8

bluefish 91 5.3 331 27.1 12 1.4 221 13.7

! . menhaden 85 4.9 12- 1.0 12 1.4 81 5.0 j.

-drum 42 2.4 35 2.9 12 1.4 240 14.9
'

shark 9 0.5 20 1.6 31 3.5 169 10.5
other fish 142 8.2 54 4.4 119 13.6 70 4.3 |,

l

'

. Total 1734 100.0 1223 100.0 874 100.0 1610 100.0

Number'of net sets 60 72 72 72-- - -

TABLE CONTINUED.- '

:

j. 0cean gill- netting was not conducted during the baseline study. '|
a

;,,

,

e
__ .1-- - _ - . . _ _ .. -_ _ .
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TABLE B-14
(continued)

NUMBERANDPERCENTAGECOMPOSITIONOFFISHESCOLLECTEg
BY OCEAN GILL NETTING DURING ENVIRONMENTAL MONITORING

ST. LUCIE PLANT
1976 - 1982

1980 1981 1982(Stations 0-5)b 1982(Stations F1-F7,C1)c
Number Number Number Number

of Percentage of Percentage of Percentage of Percentage
Taxon fishes composition fishes _ composition fishes composition fishes composition

| Atlantic bumper 95 10.0 235 17.2 3 1.7 474 11.4"

crevalle jack 13 1.4 31 2.3 0 0.0 212 5.1
blue runner 107 11.3 64 4.7 15 8.3 241 5.8

?' other jacks 20 2.1 13 0.9 1 0.6 65 1.6

Spanish mackerel 218 23.0 153 11.2 78 43.3 1072 25.8
king mackerel 21 2.2 5 0.4 4 2.2 34 0.8:

bluefish 74 7.8 103 7.5 15 8.3 224 5.4

| menhaden 123 13.0 409 30.0 3 1.7 773 18.6
drum 136 14.4 196 14.4 10 5.6 787 19.0

i shark 97 10.3 84 6.1 4 2.2 45 1.1
'other fish 42 4.5 72 5.3 47 26.1 225 S.4

!

Total 946 100.0 1365 100.0 180 100.0 4152 100.0

72Number of net sets 72 30 - 127- - -

a0cean gill netting was not conducted during the baseline study.
bJanuary-May.

.cFebruary-December.



TABLE 8-15

NUMBER, SIZE AND PERCENTAGE COM'0SITION OF FISHES
COLLECTED BY TRAWLING

ST. LUCIE PLANT
JANUARY - MAY 1982

Range of Percentaae composition

Number of standard Total Number of Total

Species Individuals lenaths (mm) wetoht (a) jedividuals wetoht

leopard searobin 88 39-182 3696 23.9 21.0
Cuban anchovy 39 42-61 43 10.6 0.2
pigfIsh 33 153-219 4974 9.0 28.2
spotted whlf f 18 54-153 589 4.9 3.3
searobin 16 9-29 8 4.3 <0.1
twospot flounder 15 21-116 220 4.1 1.2
hardhead catfish 14 159-251 1683 3.8 9.6
flatfish 12 14-27 9 3.3 <0.1
Inshore lizardfish 11 41-298 779 3.0 4.4
dusky flounder 11 56-222 719 3.0 4.1
bank cusk-eel 10 139-253 542 2.7 3.1
herring 9 17-22 1 2.5 <0.1
Sand drum 8 33-177 156 2.2 0.9
blotched cusk-eel 8 32-217 137 2.2 0.8
snakefish 6 33-171 258 1.6 1.5
bighead searobin 5 101-243 559 1.4 3.2
blackcheek tonguefish 4 36-151 69 1.1 0.4
planehead filefish 4 41-59 21 1.1 0.1
bigoye stargazer 4 36-60 6 1.1 <0.1
gutf fIounder 3 220-254 701 0.8 4.0
sand perch 3 19-136 123 0.8 0.7

,

blackwing searobin 3 62-147 76 0.8 0.4
1

barbfIsh 3 66-105 63 0.8 0.4
offshore tonguefIsh 3 103-128 43 0.8 0.2
rock sea bass 3 41-111 40 0.8 0.2
banded drum 2 162-178 299 0.5 1.7
lane snapper 2 157-158 214 0.5 1.2
ocellated flounder 2 133-134 101 0.5 0.6 '
black sea bass 2 50-68 15 0.5 0.1
mooneye cusk-eel 2 83-99 5 0.5 <0.1
cusk-eel 2 66-81 3 0.5 <0.1
sand stargazer 2 32-43 2 0.5 <0.1
drum 2 13-16 2 0.5 <0.1
twospot cardinalfish 2 18-20 2 0.5 <0.1
blackfin cardinalfish 2 17-23 2 0. 5 <0.1
eyed flounder 2 28-30 1 0.5 <0.1
lesser electric ray 1 351 724 0.3 4.1
silver seatrout 1 235 227 0.3 1.3
pinfish 1 138 167 0.3 0.9
tomtate 1 180 144 0.3 0.8

;

silver Jenny 1 127 71 0.3 0.4
spottedfin tonguefIsh 1 88 57 0.3 0.3
fringed flounder 1 95 15 0.3 0.1

~ .10I IIned seahorse 1 121 15 0.3
i spotfin mojarra 1 84 15 0.3 0.1

stargarer 1 85 7 0.3 <0.1
smoothhead scorpionfish 1 46 5 0.3 <0.1
Seminole goby 1 25 1 0.3 <0.1

| Atlantic croeur 1 21 1 0.3 <0.1

!

Total 368 - 17,610 100.0 100.0

l

!
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TABLE B-16
4-..

NUMBER OF FISHES COLLECTED BY TRAWLINGa
ST. LUCIE PLnNT

JANUARY - MAY 1982
,

Total by station

Taxon 0 1 2 3 4 5 Total by taxon Percentage composition

searobin,
scorpionfish 25 14 22 5 17 33 116 31.5

b
flatfish 15 14 12 11 17 3 72 19.6

,

anchovy- 4 16 13 1 5 39 10.6-

co.

k grunt. - 5 9 4 2 14 34 9.2

cusk-eel 3 5 4 5 4 1 22 6.0

lizardfish 8 5 4 17 4.6- - -

catfish 1 2 2 9 - - 14 3.8'

drum 9 2 - 2 1 14 3.8-

other fish 2 14 4 5 7 8 40 10.9

i
i Total 59 72 74 47 51 65 368 100.0
,

1

,

a0ne 15-minute tow per station per month.
bFlounder, sole, tonguefish.

,

.

_ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
- ______s _ - _--
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TABLE B-17

NUMBER AND PERCENTAGE QM'OSITION OF FISHES COLLECTED
BY TRAWLING DURING THE BASEllNE STUDY AND ENVIRO?NENTAL MONITORING

ST. LUCIE PLANT
1971-1974 AND 1976-1982

a
1971-1974 1976 1977 1978

Number Number Number Number
of Percentage of Percentage of Percentage of Percentage

Taxon fishes composttIon fishes composition fishes composttIon fishes composition

, jack 38 13.9 0 0.0 1 0.0 3 0.1

flatfish 35 12.8 129 19.7 220 10.7 302 12.0
- drum 35 12.8 13 2.0 250 12.2 114 4.5

searobin, 34 12.4 129 19.7 170 8.3 293 11.7
scorpion-

.cn fish-

. anchovy 28 10.3 18 2.7 22 1.1 459 18.3

porgy 14 5.1 2 0.3 0 0.0 4 0.2

lizardfish 13 4.8 9 1.4 45 2.2 47 1.9

cu sk-eel 12 4.4 72 11.0 47 2.3 202 8.0

grunt 11 4.0 61 9.3 178 8.7 263 10.5

catfish 10 3.7 18 2.7 10 0.5 69 2.7

mojarra 6 2.2 26 4.0 139 6.8 83 3.3
,

sand perch 4 1. 5 86 13.1 141 6.9 61 2.4

seatrout- 2 0.7 0 0.0 606 29.6 176 7.0

other fish 31 11.4 93 14.1 219 10.7 437 17.4

Total 273 100.0 656 100.0 2048 100.0 2513 100.0

72 - 72Number of 132 - 60 --

trawl tows

TABLE CONTINUED

. _ _ _ . - _ .
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TABLE B-17
(continued)

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED
BY TRAdLING DURING THE BASELINE STUDY AND ENVIR0tNENTAL MONITORING

ST. LUCIE PLANT
1971-1974 AND 1976-1982

1979 1980 1981 1982
Number Number Number Number

of Percentage of Percentage b of Percentage of Percentage
Taxon fishes composition fishes composition fishes composition fishes composition

Jack 47 1.5 24 0.5 (3.1) 55 1.4 0 0.0

flatfish 189 5.8 104 2.1 (13.5) 220 5.7 72 19.6
d

d rum 129 4.0 73 1.5 (9.5) 766 19.8 13 3.5

searobin, 391 12.0 226 4.5 (29.2) 524 13.5 116 31.5
scorpionfIsh

anchovy 1353 41.6 4257 84.6 (0.0) 1511 39.1 39 10.6

porgy 10 0.3 1 <0.1 (0.1) 1 <0.1 1 0.3

7 Itzardfish 37 1.1 11 0.2 (1.4) 42 1.1 17 4.6
m-
* cusk-eel 165 5.1 51 1.0 (6.6) 97 2. 5 22 6.0

1 grunt. 178 5.5 81 1.6 (10.5) 53 1.4 34 9.2

catfish 33 1.0 27 0.5 (3.5) 12 0.3 14 3.8

mojarra 39 1.2 11 0.2 (1.4) 8 0.2 2 0.6

sand perch 52 1.6 16 0.3 (2.1) 7 0.2 3 0.8

seatrout 313 9.6 4 <0.1 (0.5) 360 9.3 1 0.3

other fish 315 9.7 144 2.9 (18.6) 213 5.5 34 9.2

Total 3251 100.0 5030 100.0 (100.0) 3869 100.0 368 100.0

Number of 72 72 72 - 72 30- -

trawl tows

Baseline study data from Futch and Dwinell (1977).
bPercentage in parenthests is composition exclusive of anchovy.

Flounder, sole, tonguefish.
d
Other than seatrout.

. - - _ _ _ _ _ - -



TABLE B-18

NUMBER, SIZE AND PERCENTAGE COMPOSITION OF FISHES
COLLECTED BY BEACH SEINING

ST. LUCIE PLANT
JANUARY - MAY 1982

Percentage compositionRange of
Number of standard Total Number of Total

Species individualslengths(mm) weight (g) individuals weight

sand drum 514 24-176 1365 54.2 17.9

gulf kingfish 330 27-214 4774 34.8 62.7

Florida pompano 58 22-109 544 6.1 7.1

longnose anchovy 17 29-33 6 1.8 <0.1

broad flounder 6 43-94 58 0.6 0.8

drum 5 26-33 5 0.5 <0.1

southern kingfish 4 61-88 25 0.4 0.3

white mullet 3 181-238 558 0.3 7.3

spot 3 119-128 139 0.3 1.8

bluefish 3 39-69 13 0.3 0.2

palometa 1 143 87 0.1 1.1

redear sardine. I 119 34 0.1 0.4

anchovy 1 29 1 0.1 <0.1

Cuban anchovy 1 39 1 0.1 <0.1

Jack 1 36 1 0.1 <0.1

7611 99.8a 100.0Total 948 -

aFraction lost in rounding.

,

B-70
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TABLE B-19

NUMBER OF FISHES COLLECTED PER STATION BY BEACH SEININGa
ST. LUCIE PLANT

JANUARY - MAY 1982

Total by station Total by Percentage
Species 6 7 8 taxon composition

sand drum 198 171 145 514 54.2

kingfish 83 166 85 334 35.2

Florida pompano 19 13 26 58 6.1

anchovy 1 3 15 19 2.0 {
l

other fish 8 7 8 23 2.5

Total 309 360 279 948 100.0

aThree seine hauls per station per month.

B-71
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TABLE B-20

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED
BY BEACH SEINING DURING THE BASELINE STUDY AND ENVIRONMENTAL MONITORING

ST. LUCIE PLANT
1971-1973 AND 1976-1982

a1971 - 1973 1976 1977 1978
_

Number Number Number Number
of Percentage of Percentage of Percentage of PercentagebTaxon fishes composition fishes composition fishes composition fishes composition

anchovy 11540 89.5 (0.0) 159 13.1 60 7.3 0 0.0
herri ng 580 4.5 (42.8) 510 42.1 171 20.9 340 28.3m

1, sand drum 360 2.8 (26.5) 105 8.7 173 21.1 194 16.1
kingfish 121 0.9 (8.9) 108 8.9 172 21.0 172 14.3na

cjack 96 0.7 (7.1) 73 6.0 42 5.1 23 1.9
spot 59 0.5 (4.4) 101 8.3 0 0.0 147 12.2
Florida pompano 59 0.5 (4.4) 43 3.6 22 2.7 27 2.2

. Atlantic bumper 43 0.3 (3.2) 28 2.3 44 5.4 1 0.1

mojarra 6 0.1-(0.4) 8 0.7 81 9.9 280 23.3
other fish 31 0.2 (2.3) 76 6.3 54 6.6 19 1.6

Total '12894 100.0 (100.0) 1211 100.0 819 100.0 1203 100.0

Number of beach 108 - 90 - 108 - 108 -

seine hauls

TABLE CONTINUED

-_
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TABLE B-20
(continued)

NUMBER AND PERCENTAGE COMPOSITION OF FISHES COLLECTED
BY BEACH SEINING DURING THE BASELINE STUDY AND ENVIRONMENTAL MONITORING

ST. LUCIE PLANT
'

1971-1973 AND 1976-1982

,

1979 1980 1981 1982

Humber Number Number Number
of Percentage of Percentage of Percentage of Percentage

bTaxon fishes composition fishes camposition fishes composition fishes composition

i anchovy 1 0.2 279 32.8 4099 64.0 (-) 19 2.0
herring

~

168 26.7 202 23.7 542 8.5 (23.5) 514 54.2
234 37.2 104 12.2 528 9.8 (37.2) 1 0.1

sand drom,

kingfish 55 8.7 122 14.3 941 14.7 (40.8) 334 35.2
#

c? jack 53 8.4 36 4.2 49 0.8 (2.1) 2 0.2
O spot . 15 2.4 10 1.2 2 <0.1 (0.1) 3 0.3

Florida pompano 47 7.5 55 6.5 87 1.4 (3.7) 58 6.1
Atlantic bumper 30 4.8 20 2.4 2 <0.1 (0.1) 0 0.0

raojarra 12 1.9 1 0.1 5 0.1 (0.2) 0 0.0
other fish 14 2.2 22 2.6 52 0.8 (2.3) 17 1.9-

Total 69.9 100.0 851 100.0 '407 100.0 (100.0) 948 100.0

Number of beach 108 108 - 108 45- - -

sei ne ~ hauls

aBaseline study data frem Futch' and Dwinell (1977).

~bPercentage in parentheses is composition exclusive of anchovy.

c0ther than Florida pompano and Atlantic bumper.
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TABLE 8 21

NUM8ER OF FISH LARVAE AND FISH EGGS. MEAN DEN 51TV 0F FISH LARVAE AND FISH EGGS
AND WATER VOLUME FILTERED AT OCEAN STATIONS 0 THROUGH 5 ANO 01. INTAKE CANAL

STATION 11 AND O!5 CHARGE CAhAL STAT!0h 12
ST. LUCIE PLANT

JANUARY - MAY 1982

Station Mean density
at Ocean

0 1 2 3 4 5 O! 11 12 Stations 0-5
,

19 January
Numberoffishlarvae 219 4 'D 66 21 124 10 439 2 1 -

Fish larvae /m3 2.147 4.528 0.623 0.221 1.204 0.093 3.991 0.02* 0.011 1.484
Number of f sh eggs 70 66 101 344 135 1309 142 13 9 -

Fish eggs / 0.666 0.623 0.953 3.621 1.311 12.1M 1.291 0.144 0.097 3.266

Volumefiltered(m) 102 106 106 95 103 108 110 90 93 -

28 January
humber of fish larvae 6 294 112 115 48 22 27 2 0 -

Fish larvae /m3 0.064 2.911 1.143 1.106 0.500 0.242 0.276 0.021 0.000 1.022

Numberoffgsheggs 6718 562 11680 3392 4644 2454 2222 340 182 . -
|

66.149 5.564 119.184 32.615 48.375 26.967 22.673 3.519 1.596 , 49.572Fish eggs /m
3

Volume filtered (m ) 94 101 98 104 96 91 98 95 114 -

18 February
Number of fish larvae 16 13 9 6 14 12 31 0 1 -

- Fish larvae /m3 0.150 0.317 0.080 0.053 0.135' O.105 0.279 0.000 0.011 0.137
92 112 316 218 426 368 86 28 60

| Number of fjsh eggs
-

0.860 1.077 2.796 1.929 4.096 3.228 0.775 0.346 0.652 2.339'

Fish e99s/m 3
Volumefiltered(m) 107 104 113 113 104 114 111 81 92 -

' 25 February ,

4 . -N mber of fish larvae ?9 327 48 37 67 229 55 4

Fuh larvae /m3 6.90i %206 0.480 0.349 0.626 2.245 0.500 0.04C ;,.012 1.290
1144 546 711 519 736 318 637 280 236

Numberoffgsheggs
-

10.593 5.353 7.110 4.896 6.879 3.118 5.791 2.800 2.484 6.358Fish eggs /m 3t
Volume filtered (m ) 108 102 100 106 10' 102 110 100 95 -

1* March
Nurber of fish larvae 133 17 83 56 38 86 27 2 1 . -

.,

Fish larvae /c3 1.267 0.19 0.856 0.538 0.396 0.827 0.229 0.020 0.011- 0.676.
621 59 603 5912 196' .742 91 523 . 66

f' umber of fgsh eggs
-

5.914 0.562 6.216 56.846 2.042 1.135 0.771 5.178 0.702 13.311* Fish eggs /s 3
V>1one filtered (m ) 105 105 97 104 96 104 118 101 94 -

'

16 March
Number of fish larvae 167 J54 122 113 12 - 32 241 2 0 -

Fish larvae /mJ 1.452 3.437 1.184 1.009 0.112 0.317 2.171 0.025 0.000. 1.248 .

J
Number of fish eggs 169 217 152 55 102 218 130 31 78 -

1.470 2.107 - 1.476 0.4 91 0.953 2.752 1.171 0.383 0.876 1.518Fish eggs /mJ
3

; Volume. filtered (m ) 115 103 103 112 107 101 111 81' 89 -

4 15 April
i Number of fish larvae 40 6 90 154 209 126. 116 2 3 -

F1s4 larvae /m3 0.400 0.056 0.874 1.510 1.917 1.273 1.172 0.024 0.038- 1.006
29 87 110 24 65- 113 . --Number of fish eggs 24 21

27 .0.284 .0.798 1.111 . 0.242 0.783 1.430 0.480;
Fish eggs /m3 0.240 0.194 0.2521 3
Volune filtered (m ) -100 108 103 102 109 99 99 83 - 79 -

20 Aprit
j humber of fish larvae 165 47 10 21 ' 25 20 19 1 0 -

Fish larvae /m3 1.571 0.435 0.093 0.208 0.240 - 0.202 0.186 0.010 - 0.000 0.465
242 86 1763 2556 916 236 . 91 ~ 16 8

Number of fgsh eggs .
-

2.305 0.796 17.284 25.307 8.808 2.384 0 892 0.167 0.113 9.368Fish eggs /m 3
,

Volume f1ltered (m ) 105 '108 102 .101 104 . 99 102 96 -71 -

1

L 12 May .
12 22

,0.119 0.090 0.095 0.083 1.010 0.013 -~ 0.022 0.122

-

-

t Number of fish larvae 12. 9 9 8- 104 1 . 2 -

! Fish larvae /m3 0.114 0.232
32 1 - 12 21 19 3 8 393 1583' -

Numberoffgsheggs

I Volume filtered (m ) 105 95 101 100 95 96 103 80 92
'0.1490.305 0.011 0.119 0.210 0.200 0.031 0.078 4.975 . 17.260

| Fish eggs /m 3 --

21 May '

Number of fish larvae 6 .2 8 5 19 3 0 . 0 0 -

Fish larvae /m3 0.057 0.020 0.085. 0.051 0.1 94 0.029 0.000 0.000 ~0.000 0.012
Number of f sh eggs 800 341 830 344 2548- 3334 151. 314 145 -

<

Fish eggs / . 7.619 - 3.376 9.362 3.510 26.000 31.752 1.641 -' 3.694- 1.813 13.722

Volume filtered (m ) 105 101 .94 98 98 105- 92 85 - 80 .

Mean Denstty (J nuary-Hay) ~

F1sh larvae 0.824 -1.531 ' O.551 0.519 0.554 -0.538 1.005-<0.018" 0.013 0.7542

F1sh eggs /m - '8.998 1.947 15.973 - 12.931 , 9.626 - 8.931 3.398- 2.251 2.764- 9.729
,

B-74
- . - . .- - - -. , - . - - .



y

i

TABLE B-22

PERCENTAGE COMPOSITION OF LARVAL FISHES COLLECTED
AT OCEAN STATIONS 0 THROUGH 5

ST. LUCIE PLANT
JANUARY - MAY 1982

.

Station-
Number of

Taxon 0 1 2 3 4 5 Mean larvae

Herrings and anchovies 61.7 70.2 51.2 65.7 41.4 60.0 61.2 2846

Drums 24.5 8.5 24.9 13.6 21.8 16.6 16.6 773

Gobies 1.8 11.3 1.1 2.2 1.8 3.8 5.2 242

Stargazers 3.7 1.5 4.5 5.4 11.8 4.2 4.3 200

Blennies 0.9 0.8 6.8 3.3 10.1 0.9 3.0 139

Mojarras 1.7 0.4 1.2 2.0 0.7 0.7 1.0 47

Jacks 0.5 1.7 0.5 0.4 0.2 0.6 0.8 39

Flatfishes 0.8 0.8 0.5 0.2 0.5 0.4 0.6 29

Puffers 0.6 0.1 0.9 0.6 1.6 0.7 0.6 28

Sea basses 0.2 0.3 0.5 0.0 0.9 0.7 0.4 19

Clingfishes 0.2 0.0 0.5 0.4 0.3 0.4 0.2 11

Searobins 0.0 0.3 0.4 0.4 0.2 0.0 0.2 9

All others 3.4 4.1 7.0 5.8 8.7 11.0 5. 9 273

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 -

Number of larvae 862 1582 '561 537 565 548 4655-

>

1

B-75-
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TABLE B-23

MEAN DENSITY OF ICHTHYOPLANKTONa
FOR BASELINE AND OPERATIONAL MONITORING STUDY YEARS

ST. LUCIE PLANT
b1971-1973 and 1976-1981

Mean density 95 percent confidence limits
Study year (number /m3) Lower limit Upper limit

Baseline 1971-73 39.0c _.

Operational 1976 6.8 3.0 10.6

Operational 1977 15.3 10.3 20.3

Operational 1978 35.4 0.0 75.9

Operational 1979 34.6 20.3 48.9

Operational 1980 22.3 14.1 30.5 >

Operational 1981 17.3 12.4 21.6

aArithmetic means are based on ichthyoplankton collected during:

zooplankton samplin9
.

b
ABI (1982)

cWalker et al. (1979).

!

,

'
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TABLE 8-24

PERCENTASE LOSS ESTIMATES OF ICHTHYOPLANKTON ENTRA1NMEhi
ST.LUCIEPLgNT

1976-1981

Percentaqe less (mean depth *9.2 m) Percentage loss (mean depth *3.0 m)
bVariables sC cC nC, :Cp p p

/1 =1 /1 =1
Year Category C C Or Qpr p a Cr Cr Cr Cr

1976 eggs 3.848 1.259 5474(1785) 32.36 1.0 0.19 0.59 0.59 1.81

larvae 0.205 0.041 5474(1785) 32.36 1.0 0.12 G.59 0.36 1.81

1977 eggs 0.429 0.366 5474(1785) 32.36 1.0 s 0.50 0.59 1.55 1.81

larvae 1.345 0.028 5474(1785) 32.36 1.0 0.01 0.59 0.04 1.81

1978 eggs 2.709 1.503 5474(1785) 32.36 1.0 0.33 0.59 1.01 1.81

larvae 0.421 0.087 5474(1785) 32.36 1.0 0.12 0.59 0.37 1.81

1979 eggs 3.744 0.831 5474(1785) 32.36 1.0 0.13 0.59 c.40 1.81g

b larvae 0.304 0.030 5474(1785) 32.36 1.0 0.06 0.59 0.18 1.81
N

1980 eggs 3.325 0.889 5474(1785) 32.36 1.0 0.16 0.59 0.48 1.81

larvae 0.257 0.080 5474(1785) 32.36 1.0 0.18 0.59 0.56 1.81

1981 eggs 3.862 0.846 5474(1785) 32.36 1.0 0.13 0.59 0.40 1.81

larvae 0.444 0.017 5474(1785) 32.36 1.0 0.02 0.59 0.07 1.81

'A81 (1982).
bCr = geometric mean concentration of organisms per cubic meter in offshore areas (Stations O through 5).

Cp = geometric mean concentration of organisms per cubic .neter in the intake canal (Station 11).
2Qr = flow in cubic meters per second gast the plant, based on a cross-sectional area of 32.200 m ; numbers in parentheses are based on a

2cross-sectional area of 10,500 m .

Qp = water flow in cubic neters per second through the plant intake, based on maximum recorded daily value.

= nortality rate of entrained organisms (assumed to be 1001, making ra = 1.0).m
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C. MACR 0 INVERTEBRATES

NRC Environmental Technical Specification (Section 3.1.B.a; deleted May

1982).
,

Benthic organisms will beBenthic Organisms -

collected quarterly and inventoried as to type and
abundance of major taxonomic groups present.

EPA NPDES Permit Required Condition (issued January 1982; as deli-

neated in AB-358 [ABI, 1981a] and approved by the EPA).

Benthic organisms will beBenthic Organisms -

collected quarterly and inventoried as to Kind and
abundance. Physical measurements will be made at
the same time as the benthic sample collections.
Parameters measured will be water temperature,
salinity, dissolved oxygen and turbidity.

INTRODUCTION

Benthic macroinvertebrates compose the majority of larger organisms

living in or on submerged substrates. They exhibit a diversity of form

and function and, as a result, occupy a wide variety of habitats and vir-

tually all trophic levels. Although most benthic macroinvertebrates are

of no direct economic importance, they are important members of marine

food webs and constitute a major food source for many economically impor-

tant fish and shellfish. Consequently, the vitality - of commercial

fisheries depends on the well-being of the benthic invertebrate faana.

C-1
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Different benthic macroinvertebrate species which have similar pre-

ferences for particular environmental conditions may form species

assemblages which are characteristic for that particular set of environ-

mental conditions. Relative to nektonic forms, macroinvertebrate species

are limited in motility and, once established in an area, are largely

unable to avoid or escape subsequent environmental changes. They must

either acclimate or regulate or they will perish. Thus, fluctuations in

community structure often indicate changing environmental conditions. |

Consequently, benthic communities have been very useful in assessing the

local impact of environmental perturbations (Holland et al .,1973; Reish

et al . , 1980). Benthic macroinvertebrate communities have been par-

|

ticularly helpful in assessing the effects of elevated water temperatures

associated with power plant discharges. In general , increased tem-

peratures have impacted these assemblages through shifts in faunal den-

sity, biomass, species richness, diversity or species composition

(Warinner and Brehmer, 1966; Virnstein, 1972; Logan and Maurer, 1975;

Blake et al .,1976).

Because of their ecological importance and usefulness as indicators

of localized environmental perturbation, benthic communities adjacent to

the St. Lucie Plant have been used to study the potential impact of ther-

mal effluents. Throughout the period 1976 to 1981, three distinct faunal

assemblages were described, each associated with unique substrate charac-

teristics (ABI, 1978, 1979, 1980a, 1981b, 1982). Although seasonal and

annual variations in community parameters were observed, both were found

to be natural phenomena unrelated to power plant operations. Within-
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habitat conparisons among benthic communities potentially affected by

thermal effluents and those tenporally or spatially removed from the

discharge plume similarly revealed no adverse plant effects. Statistical

tests applied to conparable operational and baseline data showed no

significant reductions in the abundance or species richness of the major

macroinvertebrate groups following the activation of Unit 1 (ABI,1982).

Beginning in May 1982, when regulatory jurisdiction of biological

studies at the St. Lucie Plant was transferred from the NRC to the EPA

(Section A. INTRODUCTION), a new benthic NPDES monitoring program was

initiated. The intent of this benthic program is: 1) to provide con-

tinued operational monitoring of Unit 1 and ensure detection of any long-

term changes in benthic community structure associated with plant

operations; and 2) to provide both preoperational and operational infor-

mation on Unit 2, including potential effects of a new discharge system

and a larger discharge dispersal area. Unit 2 is scheduled for activa-

tion in the summer of 1983

Seven stations (four of which had been sampled under the ETS

program) were established for the new study, and sampling commenced in

March 1982. However, ETS monitoring requirements mandated by the NRC

were not officially deleted until the end of May 1982. Therefore, this

report includes summarized ETS monitoring data for January through May,

as well as data generated by NPDES sampling over the entire year. As in
,

L

previous reports, the emphasis of the 1982 study was placed on charac-

terizing the macroinvertebrate communities within the study area, com-

C-3
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paring potentially affected communities with those spatially distant from

the influence of thermal discharges, and examining temporal changes in

community structure associated with continued operation of Unit 1. This

information will form an integrated data base from which to assess the

potential effects of combined operations of Units 1 and 2 on the benthos

! during subsequent years.

|

|
MATERIALS AND METHODS

i
L ETS Monitoring

Six permanent ocean stations (Figure C-1) were sampled under the ETS

monitoring program conducted from January through May. Stations 1

through 5 corresponded to locations sampled during baseline studies con-

ducted from 1971 to 1974 (Gallagher and Hollinger,1977). Station 0,

4.3-km south of the plant discharge, has served as a control since opera-

tional monitoring began in 1976.

i

Smaller less motile infaunal and epifaunal macroinvertebrates were

collected at each station with a Shipek sediment sampler (Holmes and

McIntyre, 1971). This grab device was used during baseline studies at

the St. Lucie Plant and has been successfully used in similar habitats

elsewhere (Maurer et al . , 1976). Because of the Shipek's ability to

shear obstructing materials caught in its rotating jaws, this sampler

tends to operate more effectively than other grabs in the shelly
,
I

substrata found within the study area (EPA,1973).

i
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ETS grab sampling was conducted only during March in 1982. Four

2replicates, each representing 0.04-m of bottom surface area, were taken;

at each of the six stations. Three of the four replicates were used for

examining community structure, while the fourth was used for substrate

particle-size analysis. Sediment temperature was measured at each sta-

tion by inserting a mercury-in-glass thermometer into the undisturbed

sediment of one of the replicates.

All samples were preserved in a 10-percent buffered formal in-

seawater solution, stained with rose bengal dye and transported to the

laboratory. A No. 25 (0.710-mm) sieve was used to remove fine sediments

and particulate matter from the samples. Material retained on the sieve

was hand sorted under low magnification and the organisms removed,

counted and identified to the lowest practicable taxon. Identified

organisms from all three replicates at each station were combined by

major group for dry weight bionass determination.

The substratun material of the fourth replicate was dried,

disaggregated 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 of sieves was then shaken for 15 minutes on a Tyler Ro-Tap sieve

shaker to separate the sample into size-class fractions. Particle size

class distribution, mean particle diameter and sorting coefficient were

subsequently calculated according to the procedures of Folk (1966).
!

|
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Larger, more motile, epibenthic macroinvertebrates were sampled

monthly in conjunction with the fish sampling program (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 stations. Tows were made at night to

reduce net avoidance. The samples were preserved in a 10-percent buff-

ered formalin-seawater solution, labeled and transported to the labora-

tory for sorting and identification to the lowest practicable taxon.

Surface, mid-depth and bottom water temperatures were recorded at

the time of each grab and trawl sampling and averaged with data from con-

current sampling programs to provide monthly means. The data were then

used to correlate annual ocean temperature cycles with seasonal and spa-

tial variations in community characteristics.
,

NPDES Monitoring

Commencing in March, the NPDES benthic sampling program was ini-

tiated. Seven stations were established under this program (Figure C-1).
,

Station B1 (previously Station 1) adjacent to the Y-port diffuser of the

Unit I discharge pipe (Section A. INTRODUCTION), and Station 82 just

north of the Y-port diffuser were located in areas with similar sediment

characteristics and represented a gradient of thermal influence.

Stations B4 and B5, located south and north, respectively, of the new

multi-port discharge diffuser provided background information relative to
;

the potential impact of thermal effluents from the combined operation of

Units 1 and 2. Station BC (previously Station 0) was maintained as a

control for stations nearest to shore, while Station C1 (previously

C-6



Station 2) was used to integrate data from previous study years and serve

as a control for stations farther from shore. Because thermal effluents

from the combined operation of Units 1 and 2 may be more intense and

cover a larger portion of the study area, Station B3 (previously Station

5) was used to document the potential impact of the discharge plume at

this more distant location.

Shipek grab sampling was conducted at each station in March, June,

September and late November using the methodologies described for ETS

grab monitoring. These procedures were used to make baseline, ETS and

NPDES benthic data comparable. Trawl sampling was eliminated under the

NPDES monitoring program.

'

Data Analysis

A variety of statistical methods were used to evaluate the data

collected at the St. Lucie Plant during ETS and NPDES monitoring in 1982.

These tests and their applications are listed in Table C-1 with detailed

descriptions of each provided in Appendix Table C-1. All tests were per-

formed at the P<0.05 level of significance. For most statistical com-

parisons, individual replicate values were used instead of station totals

to provide additional degrees of freedom, thereby increasing the sen-

sitivity of the test.

|

!
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RESULTS AND DISCUSSION

Physical Environment

Substratum

Among the more important environmental parameters affecting the com-

position and distribution of marine benthic communities is substratum

type. Sharp distinctions in community structure may occur between areas

with hard substrates and those with soft substrates even when exposure to

consistent patterns of water temperature, salinity and ocean currents

would potentially allow colonization by similar faunal elements.

Hard substrates, such as coral reefs, rock outcroppings, wrecks and

pilings support a distinct and varied community of encrusting, boring and

epifaunal species. In the nearshore sediments adjacent to the St. Lucie

Plant, this substratum is represented by biogenically-derived shellhash

sediments. Large shell particles (>2.0 mm), a major component of the

she11 hash, impart heterogeneity, with resultant high porosity, to these

sediments. The shellhash substratum usually supports a very diverse

benthic connunity composed of both infaunal and hard substrate elements.

Soft substrates, exemplified by the homogeneous quartz sands on the beach

terrace adjacent to the St. Lucie Plant, generally support a somewhat

lower infaunal biomass and species diversity (Abele,1974).

Based on substrate characteristics (Table C-2), the study area may
|

be divided into two distinct zones: 1) the beach terrace; and 2) the

| adjacent continental shelf. Beach terrace substrates were composed of.

fine to very fine, moderately sorted, gray, non-biogenic- (quartz)' sands.
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These occurred at Stations BC, B1 and B2 on the seaward edge of the

terrace. The larger substrate fractions at these stations consisted of ,

mollusc shell fragments.

u-

The adjacent continental shelf substrates were composed almost
' '

~

entirely of mollusc shells, barnacle plates and sand dollar tests in ,

^

various stages of decomposition and fragmentation. This pebbly to very

coarse, poorly sorted substrate was found at Stations B3, 84, B5 and C1.

The Kolmogorov-Smirnov Test (Sokal and Rohlf, .1981) was 'used to

determine if significant differences (p< 0.05) in sediment texture, _as

evidenced by differences in grain size distributions, existed between

stations. This test was also used to evaluate quarterly variations in

substrates at each station. As expected, substrate coraposition at

Stations BC, B1 and B2 was significantly different from that at Stations

B3, B4, B5 and C1 (Figure C-2).
.

Along the beach terrace, grain size distribution did not differ

significantly between Stations BC and B2 (Figure C-2). Substrate com- ~ , - -

'

position for these stations remained relatively constant throughout 1982
,

-

! except during Quarter 4 when the percentage of very fine particles ,

increased appreciably. . Similar shifts in the relative abundance of fine
,

and very fine sands at beach terrace stations have been noted Muring the .

E

winters of other years (Gallagher,1977; ABI,1982). This phenomenon
i ,

' ,

! probably results from the selective transport of certain grain sizes over
i
; the beach terrace during fall northeast ' storms. .

! -
< ,
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Station B1 exhibited a somewhat coarser substrate than the other two

beach terrace stations (Table C-2). It differed significantly from both

during all samp' ling periods except June (Figure C(-2). Because ocean tur .

bulence is reduced during summer months, offshore transport of sediments

may be reduced. This consequently enhances substrate stability and

creates a more uniform stabstrate regime along the entire beach terrace.
~

Substrates at Station 31 were also characterized by significant

!
variations between quarters. Turbulence created as a result of plant

be . pa'rtially responsible" for substrate instability at| discharges may

i Station Bl.-

Stations B4 and B5, located near the seaward edge of the new

discharge pipe, are located in water depths somewhat intennediate to

those of the beach terrace stations and those further offshore (Stations

B3 and C1; Figure C-1). As might be predicted from their proximity to

the beach terrace, the sediments at Stations B4 and B5 had larger percen-

tages by weight of fine to very fine sand particles than sediments at

Stations B3 and C1 (Table C-2). Stations B4 and B5 were generally noi,

significantly different from each other (Figure C-2), although Station B4

exhibited greater variation in grain size distribution. Stations B4 and

BS have both been expcsed to disturbarices asscciated with construction of

the new discharge pipe during 1981 and may still be affected by their

proximity to the pipe and turbulence associated with thermal discharges.)

The greater sediment instability at Station =B4 suggests that this station

may be more chronically impacted by plant operation or has simply taken

longer to stabilize than Station B5. The latter would seem most likely

C-10
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if the majority of the sediments excavated during dragline operations had

been dumped south of the new discharge pipe.

Sediment characteristics of Station C1 were most similar to those of

Station B3, although there were significant differences in September and

December when Station C1 sediments were coarser (Figure C-2; Table C-2).

A significantly larger percentage of finer particles was found at Station

B3 in December than in other quarters.

Stations BC, B1, B3 and C1 correspond to Stations 0,1, 5 and 2,

respectively, from the ETS monitoring program conducted from March 1976

to March 1982. Substrates at these four stations remained rel atively

unchanged throughout operational years with the exception of two periods

(1976 and 1981) when unusually coarse grain size were found at Station 1

(B1; ABI, 1977 and 1982). Dragline operations associated with placement

of the discharge pipes were probably responsible for these sediment

distribution anomalies. Little change in substrate has been observed at

Stations 3 and 4 throughout the ETS program.

ETS Monitoring - Benthic Grab Samples
'

| Community Characteristics

f Appendix B, ETS monitoring for benthic macroinvertebrates was ter-

f minated after Quarter 1 sampling in 1982. Therefore, detailed com-

!

parisons with previous . years ' data are not possible. With few'

exceptions, however, March 1982 values for density, -species richness ,

biomass and diversity were consistently within the range of _ values

C-11
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obtained in March during other operational years (Table C-3). These data

provide no evidence to suggest that the structure of benthic macroinver-

tebrate communities within the study area has deviated from natural long-

term trends previously reported (ABI,1982).

In general, benthic community structure has shown extensive seasonal

and annual variability throughout Unit 1 ETS operational monitoring.

This variability reflects the natural responses of a rich and diverse

fauna to a dynamic physical environment. The imprecision of sequential

peaks in macroinvertebrate abundance over the years is a phenomenon com-

mon to coastal benthic assemblages and does not necessarily indicate com-

munity instability (Frankenberg,1971; Livingston,1976; Frankenberg and

Leiper,1977; Maurer et al .,1979; Dugan and Livingston,1982). In fact,

assemblages such as those described during St. Lucie ETS monitoring are

probably quite stable over time, faunal composition remaining relatively

constant while constituent species experience continual fluctuations in

population sizes.

Power Plant Impact

Over the course of ETS monitoring, there has been no evidence to

suggest that thermal effluents from continued operation of Unit 1 have

adversely affected the structure of benthic assemblages near the

discharge (ABI, 1982). Diversity values at Station 1, directly exposed'

to thermal effluents have remained above minimum levels proposed by the
j
i

EPA (1973) to be indicative of healthy, unstressed environments.. Com-;

parisons of abundance and species richness data between the discharge and

C-12

|

.. . . . .



control stations have similarly shown no adverse plant effects. During

March 1982, measured community parameters at Stations 1 and 0 were again

very similar to each other (Table C-4). The lack of evidence to suoport

the hypothesis of disrupted community organization through direct thermal

influences is obvious considering that measured bottom water temperatures

at Station 1 have never exceeded 30*C. This temperature is well below

the level demonstrated to be detrimental to benthic communities elsewhere

in Florida (Bader and Roessler, 1972; Vi rnstein, 1972; Blake et al .,

1976).

Macroinvertebrate communities throughout the remainder of the study

area appear likewise unaffected by plant operations. Statistical com-

parisons of community parameters among pre , intermittent- and full-

operational years have detected no significant differences (AB1,1982).

ETS Monitoring-Trawl Samples

Community Characteristics

During the five months prior to the termination of ETS monitoring in

May of 1982, a total of 3805 individuals of 77 taxa was collected by

otter trawls at the six ocean stations. The greatest numbers of individ-

uals (1121 and 1013) were found at beach ' terrace Stations 0 and 1,

respectively, while the fewest (103) occurred at Station 3 on Pierce

L Shoal (Figure C-3). Despite considerable variation in monthly abundances
i

at at discharge and control stations (Stations 1 and 0, respectively;

Figure C-4) no significant difference was found when comparable data for l
1

all years were combined and compared statistically (Wilcoxon Paired |
!

:
lSample Test, P<0.05).
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The highest number of macroinvertebrate taxa collected during 1982

(36) occurred at Station 5, while the lowest number (11) was found at

Station 3 (Figure C-3). The numbers of taxa found during 1982 generally

fell within the ranges observed for corresponding months of previous

years (Figure C-5). Throughout the ETS study a seasonal pattern of lower

numbers of taxa during the winter and higher numbers during the summer

was observed.

Comparison of 1982 species richness data (Figure C-5) showed no

significant differences (Mann-Whitney U-Test, P10.05) between the

discharge and control stations. The same results were obtained when the

combined data for all years were tested. Additionally, when the total

number of taxa collected annually at Station 1 was compared, no signifi-

cant differences were found among years (Mann-Whitney U-Test, P10.05).

Finally, no correlation (Spearman Rank, P10.05) was observed between mean

bottom water temperature and species richness at either Station 0 or

Station 1 throughout the entire ETS study period.

Because of the termination of trawl sampling in May, insufficient

data were available to permit the construction of meaningful dominance-

diversity curves for 1982. Such curves from previous years (ABI,1982)

indicate that there has been little change in dominance-diversity values

since the plant began full operations in 1977. In addition, variation at

| Station 1 (discharge) between 1977 and 1981 fell within the range of

variation observed at Station 0 (control) during that same period.
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As was the case for diversity, similarity analyses based on the 1

1

first five months of 1982 were considered inappropriate. In past studies

(ABI,1982), Morisita's (1959) index of community similarity consistently

showed a high degree of similarity between Stations 0 and 1, particularly

if Acetes americanus, a relatively small species which may not be effec-

tively sampled by the trawl, was omitted from the calculations.
,

During 1982, shrimp of the genus Trachypenaeus were among the top
| five dominant taxa (McCloskey's Biological Index Value) at all trawl sta-

tions (Table C-5), being ranked first at every station except Station 5.i

This represents a continuation of the trend observed throughout opera-

tional monitoring studies (1976-1981). Comparison of the dominant taxa

at Stations 0 and 1 during 1982 showed that four of the five top ranked

species were shared between the two stations. In addition,11 of the 13

dominant taxa at Station 0 from 1977-1981 were also ranked as dominants
1

at Station 1 during that period.

Because Trachypenaeus constrictus has been so predominant in trawl

samples throughout the ETS monitoring program, this non-commercial spe-

cies was chosen for analysis as a potential indicator of environmental

stress. During 1982, the greatest abundance of T. constrictus (229) was

recorded at Station 0, while the lowest (34) occurred at Station 3
:

(FicureC-3). Although 1982 data represent only five months of sampling,

! a decline in the extremely high numbers recorded at Station 1 during -1981
|

j is indicated (Figure C-6). This information supports the suggestion made
| t

previously (ABI, 1982) that such high numbers may have reflected

I C-15
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increased food availability resulting from 1981 dragline-dredging activi-

ties near Station 1. No such dredging operations were carried out near

the discharge in 1982. Even though abundances of T. constrictus at the

discharge and control stations were highly variable throughout the ETS

study period (Figure C-6), comparisons between the two stations revealed

no significant differences (Wilcoxon Paired Sample Test, P<0.05).

Six taxa of comercially important shellfish were collected by

trawling during 1982 (Table C-6). These included the brown shrimp

(Penaeus aztecus), the pink shrimp (Penaeus duorarum), juvenile penaeid

shrimp (Penaeus sp.), the rock shrimp (Sicyonia brevirostris), the blue
i

crab (Callinectes sapidus) and the calico scallop (Argopecten gibbus).

In general, the commercially important crustaceans were collected at most

stations, including the discharge, but were present in such small numbers

that no trends were evident. A_. gibbus, on the other hand, was found in

relatively large cumbers at offshore Stations 2, 4 and 5, but it was

never collected at Station 0 and only one individual was found at Station

1. The very low abundance pattern of A_. gibbus on the beach terrace has

been maintained throughout the six-year ETS study period. A_. gibbus

occurrence at trough stations has been quite variable in past years,

ranging from absent to very abundant.

I
I

|

|

|
|
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|

Baseline Comparisons

| From September 1973 through August 1974, prior to plant operation,

monthly otter trawl samples were collected at sites corresponding to

Stations 1, 2 and 3 of the present ETS program (Camp et al.,1977).
,

Although that program differed somewhat from the operational study
I (1976-1982), it provides baseline information concerning the larger ept-

| benthic crustaceans and echinoderms near the discharge (Table C-7).

Comparisons of baseline and operational crustacean abundance and'

species richness data for Station 1 show values for both parameters to -

have increased following plant activation. This may have resulted from ai

j combination of factors such as the presence of new habitat types provided

by the discharge structure, more effettive trawling techniques imple-

mented during operational years, and natural population fluctuations.

All but one of the crustacean species collected at Station 1 prior to

plant operation were also encountered after plant start-up. Therefore,

it appears that few, if any, of the larger epibenthic crustaceans sampled
i by the trawls have been eliminated from the vicinity of the discharge

since plant operations began in 1976.

In general, the numbers of echinoderms collected in both preopera-

tional and operational years have been low and somewhat variable (Table

f C-7). None were collected in 1982. Thus, echinoderms appear to have

constituted only a minor portion of the epibenthic invertebrate fauna
! near the discharge ~ both before and after plant start-up.

;

i
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Power Plant Impact

The results of analyses of trawl data collected since 1976 indicate j

that no statistically significant differences exist between abundance and

species richness of epibenthic macroinvertebrates living at the discharge

(Station 1) and those inhabiting the control (Station 0). A high degree

of similarity was also observed between these two stations in terms of 1)

general community composition and structure; 2) dominant taxa; 3) abun-

dance and composition of commercial species present; and 4) abundance of

Trachypenaeus constrictus, a species dominant in trawl collections. In

addition, species richness at Station 1 has not varied significantly

throughout the years of operational monitoring (1976-1982). Comparison

of operational with baseline trawl data was limited because of differing

methodologies; however, a high degree of similarity was indicated in

those aspects of the programs which could be compared.

Throughout the course of ETS monitoring, there has been no evidence

to suggest thermal impact upon the epibenthic macroinvertebrate community

near the St. Lucie Unit 1 discharge. Both direct and indirect thermal

effluent effects appear unlikely because of the high degree of similarity

{
between discharge and control stations.

NPDES Monitoring-Benthic Macroinvertebrate Comunity Structure

Density

Over 21,000 macroinvertebrates were collected and identified during

1982 NPDES benthic monitoring. Beach terrace Stations BC, B1 and B2

supported the fewest number of individuals and adjacent shelf stations,
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B3, 85 and C1, the greatest (Table C-4). Station B4 was an exception to

the latter group having densities intermediate to those found on the

beach terrace and adjacent shelf. The highest station density recorded
2during the study (16,600 individuals /m ) occurred at Station B3

2(September), while the lowest (217 individuals /m ) was observed at

Station B1 (late November). When individuals from all stations were com-

bined, highest densities occurred in September, lowest densities in late

November. However, seasonal shifts in macroinvertebrate abundance varied

considerably among stations with no consistent trends apparent (Figures

C-7 and C-8; Table C-4).

Species Richness

During 1982 NPDES monitoring, 472 macroinvertebrate taxa were iden-

tified from benthic collections (Appendix Table C-2). As with densities,

beach terrace stations supported the fewest number of species, while

adjacent shel f stations supported the greatest number (Table C-4).

Again, Station B4 exhibited an intermediate species richness relative to
|

beach terrace and adjacent shelf stations. The largest number of taxa

collected during any sampling period (156) was at Station B3 (June),

while the lowest number (15) occurred at Station BC (late November).

| When collections from all stations were combined, highest seasonal spe-

cies richness (287) occurred in June, the lowest (204) in late November.
|

l
Similar to abundance data, seasonal trends in species richness varied

|
considerably among stations except in late November when appreciable

declines in the number of taxa collected occurred at all stations.

1
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When data for all stations were combined, species richness was found i

to be positively correlated (Pearson Product-Moment P10.05) with faunal

abundance (Table C-8). This positive correlation persisted when the two

major station groupings (beach terrace, adjacent shelf) were examined

separately. Thus, both within and between habitats, communities having

the greatest number of individuals also had the largest number of spe-

cies.

Biomass

As expected, mean annual biomass was lowest at beach terrace sta-

tions where faunal abundances were low and highest at adjacent shelf sta-

tions where abundances were high (Table C-4). Station Cl had the highest

2seasonal biomass value of any station (33.192 g/m ) due, primarily, to

the presence of a relatively large starfish in the June sample. The
,

2lowest biomass value (0.556 g/m) was recorded at Station B2 in 3

September. When all stations were combined, highest mean biomass

occurred in June, lowest mean biomass in late November. As with other

community parameters, no consistent seasonal trends in biomass were

apparent when stations were examined individually.

Biomass is a poor indicator of comunity structure- because of bias

introduced by the chance acquisition of relatively large, sparsely

distributed organisms and bias resulting from differences through time.l

and space in the relative abundances of heavier-bodied organisms such as

( arthropods and echinoderms. Because the number of -taxa collected

! increases with .the number of individuals collected, the chances of
:

i

|
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collecting a large variety of organisms, including heavier-bodied forms,

increases also. Consequently, significant correlations were found be-

tween biomass and both faunal abundance and species richness when data

from all stations and quarters were combined (Table C-8). However, this

same relationship did not persist when beach terrace stations were ex-

amined separately, and only biomass and species richness were signifi-

cantly correlated when adjacent shelf stations were tested. As a result,

much of the correlation between biomass and abundance appears related to
' differences in community structure between, rather than within, major

stations groupings.

Diversity

Diversity (H') based on the Shannon-Weaver information function

(Pielou,1966) is a more complex measure of faunal diversity than species

richness. Diversity considers not only the number of species present,

but also the number of individuals and the distribution of those individ-

uals among the constituent species. Communities in healthy non-stressed

environments should theoretically have higher diversities than com-

munities in similar systems experiencing various forms of physical stress

(EPA,1973).

Beach terrace communities generally had lower diversities than adja-

cent shelf stations even though there were a few exceptions (Table C-4).

At most stations, diversity values were relatively stable throughout the
;

first three quarters of sampling. However, during late November, notice-'

able declines accompanied reductions in species richness at all stations ,

!
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(Figures C-7 and C-8). A similar decline in diversity occurred at

Station B2 in June, but probably resulted from reduced sample size (An

unrepresentative data set was deleted so that two, rather than three,

replicates were used for analysis during that quarter. The reduced

sample size affected the number of species accumulated).

The highest diversity calculated during the study (5.491) was at

Station B3 (June), and the lowest (2.180) was at Station BC (late

November). In general, diversity values were representative of com-

munities in a non-stressed environment. Declines in diversity at all

stations in late November indicated natural community responses to

seasonally fluctuating environmental factors.

Evenness values (J') numerically describe the distribution of indi-

viduals among the taxa present in a collection. In environments

experiencing physical stress, certain organisms may gain a competitive

advantage and become numerically dominant. As dominance increases, even-

ness declines.

Contrary to other trends in community parameters, evenness values

.

were generally higher at beach terrace than at adjacent shelf stations
i

(Table C-4). Station BC had the highest mean evenness value for the year
7
r

(0.793) and Station B5 the lowest (0.475). Highest and lowest values,

respectively, for individual stations occurred at Station BC _in March

(0.829) and Station B2 in June (0.416). As with diversity, the low value;

|

|
at Station B2 during Quarter 2 is probably reflective of reduced replica-

i

.
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tion. No consistent seasonal trends in evenness were apparent from the

data. Stations B4 and B5 exhibited the most seasonally stable evenness

values.

Rarefaction is another method for examining the relationship between

species richness and faunal abundance. This method produces a set of

station curves depicting the expected number of taxa in a community at

various faunal densities. It thus allows for comparison of data from

different sample sizes (i.e., abundances). Curves with sharp slopes

represent communities having a relatively large number of taxa per unit

number of individuals, and gentle slopes indicate fewer taxa for that

same number of individuals. The absolute height of the curve represents

species richness and the end point total faunal abundance.

Rarefaction curves generated using total annual abundance were simi-

lar for all stations (Figure C-9 and C-10); the two station groupings

were plotted on different scales because of the large disparity between

abundances at beach terrace and adjacent shelf stations. The smallest

total annual abundance for any one station during 1982 was 250 individ-

uals (Station 2). At that abundance level, expected number of taxa pre-

dicted from rarefaction curves ranged from 54 to 84 (Figures C-9 and

C-10), with beach terrace stations generally accruing species at a lower

rate than adjacent shelf stations (range 54-67 and 62-84, respectively).

Within the beach terrace station group, Stations B1 and 82 exhibited

higher rarefaction diversity than did Station BC. Within the adjacent

shelf station group, Stations C1 and 84 exhibited the highest rarefaction
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diversities and Station B5 the lowest. All stations lacked plateaus at )

highest faunal densities indicating that more species would have been

collected with increased replication. Earlier saturation studies showed

that those species which are being missed are rare forms represented by

very few individuals (AB1, 1978).

Community Composition

During 1982 NPDES monitoring, annelids numerically predominated the

collections at all stations (Figure C-11). Annelids contributed between

45 percent (Station BC) and 57 percent (Station B2) of total faunal abun-

dance at beach terrace stations and between 67 percent (Station B3) and

71 percent (Station C1) at adjacent shelf stations. Various combinations

of molluscs, arthropods and miscellaneous minor phyla composed the

majority of remaining individuals at beach terrace stations, while sipun-

culids were the second major cor.tributors at adjacent shelf stations.

Station B4 was an exception to the latter group as arthropoda and

miscellaneous minor phyla replaced sipunculans as important contributors

to community density. Echinoderms and cephalochordates (lancelets)

contributed little to total faunal abundance at any station.

As mentioned earlier, biomass is affected by both the number and

absolute size of individuals contained in collections. Although annelids

predominated abundances at all stations, they accounted for only 11 per-

cent (Station C1) to 31 percent (Station B5) of community biomass (Figure

! C-11). At beach terrace Stations BC and B2, miscellaneous minor phyla,

primarily nemerteans, contributed over 50 percent of total biomass, while
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at Station B1, biomass contributions were more equitably distributed

among all major, groups. A noticeable disparity between relative abun-

dances and biomass of major groups occurred at adjacent shelf stations

where cephalochardates and echinoderms collectively accounted for between

22 (Station B4) and 69 percent (Station C1) of total biomass, while con-

tributing less than 2 percent of total abundances. The extremely large

contribution of echinoderms to biomass at Station C1 was primarily

because of the presence of one relatively large starfish during June. No

general conclusion can be drawn regarding contributions by major groups

to biomass at shelf stations.

Dominance

Dominance relates to the disproportionate contribution of some taxa

to total community abundance. Communities experiencing various fonns of

physical stress often display high levels cf dominance as certain species

may gain a competitive advantage over others under adverse conditions.

However, dominance by certain taxa also occurs naturally as certain fonns

are better adapted to the existing physical environment. In this

situation, changes in dominant taxa over time may reflect changing

environmental conditions.

The criteria used for selecting dominant taxa was determined a_

pri ori . All taxa at each station were ranked from most to least abun-

dant. Those taxa, whose cumulative abundances approached but did not,

exceed 50 percent of all organisms present, were designated as dominants.'

Using this criteria, 30 taxa were listed as dominants at one or more sta-
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tions during 1982 (Table C-9). Seventeen annelids, five molluscs, five

arthropods and unidentified individuals of three minor phyla

(Platyhelminthes, Nemertina and Sipuncula) were included in this group.

The highest number of dominant taxa occurring in any quarter (7) was

at Station B3 during both March and June. Dominance by a single taxa

occurred at three stations, Stations B2 (June), B3 (late November) and B5

(late November). When data for all quarters were combined, two najor
,

components were evident. The polychaete Armandia agilis and unidentified

nemerteans were dominant forms at all beach terrace stations, while the

tube worm Filogranula sp. A and unidentified sipunculans were dominants

at. adjacent shelf stations. Again, Station B4 was an exception to the

latter group as Nemertina was the only principal dominant taxa shared in

common with either station grouping. Station B4 also had the largest

number of taxa (7) classified as dominants for the entire year. This
,

suggests that community stability may be lower there than at other sta-

tions and that turnover among dominant taxa is high. Station B5 had the

fewest dominant taxa for all quarters combined (2) suggesting that it may

be the most stable.

When quarterly data were examined separately, there were con-

siderable shifts in dominance at each station over time. Again, Station

B5 appeared to be the most seasonally stable community with regards to

dominant organisms.,

i

4
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Station Similarities

Morisita's (1959) index of faunal similarity (CA) compares the

number of species shared between two collections and their relative abun-

dances. Collections having the largest number of numerically abundant

species in common will have the highest cA values.

As expected from previous discussions of community parameters, two

major station groupings were apparent from similarity matrices. Beach

terrace stations exhibited high to very high similarities to one another

during most quarters while adjacent shelf stations, excluding Station B4,

were highly to very highly similar to one another (Figure C-12). When

data for all quarters were combined, the similarities within station

groupings were all very high, except for Station B4 which displayed low

to very low similarities with both groups. Similarity coefficients

determined for dominant taxa at each station portrayed the same rela-

tionship among stations (Figure C-13).

Similarity indices for individual stations indicated that adjacent

shelf stations, again excluding Station B4, tended to be more similar
,

over time (i.e., more stable) than beach terrace stations. The community

at Station B4 exhibited low similarity from one quarter to the next pro-

viding additional evidence that it was in a state of transition during

1982.

C-27

.--



i

|

General Responses to Physical Variables

Both temperature and substrate are known to be important in shaping

benthic community structure (Sanders, 1958; Boesch, 1972). In most

envi ronments, temperature is an obvious causative agent of benthic

community dynamics, as it is known to affect seasonal reproductive pat-,

terns in marine invertebrates (Giese and Pierce,1974; Sastry,1975).

Consequently, periods of juvenile recruitment are often linked to seas-

onal ocean temperature cycles.

During 1982, mean bottom water temperatures ranged from 20.2*C in

January to 28.5*C in September (Figure C-14). Minimum and maximum tem-

peratures recorded during those months were 18.0 and 29.5*C, respec-

tively. Bottom and surface water temperatures at the deeper offshore

stations usually differed by less than 1*C and rarely differed by more

than 2*C. At the shallower beach terrace stations, thermal gradients

were even less noticeable.

The existing ambient thermal regime at the St. Lucie site may be

modified by intrusions of colder offshore bottom or by thermal discharge

from the plant. During June, for example, offshore winds created an

upwelling effect which allowed offshore bottom water to enter the area

and depressed bottom water temperatures to below 20*C, Surface water

temperatures exceeded bottom water temperatures by more than 3*C during

this period which created distinct thermal stratifications. Thermal

discharges from the St. Lucie Plant are rapidly dispersed and dissipated

because of the ocean's great capacity to absorb heat and natural tur-'
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bulence from currents and waves. During 1982, discharge stations on the

beach terrace (Stations B1 and B2) generally experienced bottom tem-

peratures less than 1*C higher than those observed at Control Station BC.

However, greater differences were sometimes recorded during the summer

with a maximum observed AT of 2*C occurring in June. Discharge stations
:

located farther from shore (Stations B3, B4 and B5) never experienced

bottom temperatures greater than 1*C above ambient conditions (Control

Station C1). Temperatures at Station B3 consistently approximated those;

of Control Station C1 indicating that Station B3 is beyond the range of

thermal influence when only Unit 1 is operating. Because St. Lucie Power'

Plant effluents are directed upward through the water column, differences'

between surface and bottom water temperatures at stations adjacent to the'

discharge diffuser pipes (Stations B1, 83, B4 and B5) were typically more

pronounced than at stations more distant from the pipes (Stations BC, B3

andC1).,

Community data for all stations combined and for both beach terrace*

and adjacent shelf station groupings separately showed no significant

correlation with bottom water temperature during 1982 NPDES monitoring

; (Table C-8). However, a general trend of increasing densities with

increasing water temperatures was apparent (Figure C-14). The lack of a

significant correlation, as was found during ETS monitoring (ABI,1982)
L

' may have been, in part, because of the presence of a cold-water intrusion

during the June 1982 sampling period. This anomalous situation depressed

bottom water temperatures considerably below normal seasonal averages.

When data for all years were considered, a positive relationship between

'
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faunal abundance and water temperature was apparent. Because of the

significant positive correlation between density and species richness, it

can be assumed that within the study area, the greatest number of in-

dividuals and species will occur in the sumer and the fewest in the

. winter.

During ETS monitoring, community structure was shown to be -strongly

influenced by substratum (ABI, 1978). This same relationship was evident

during 1982 NPDES monitoring. Sediments of beach terrace stations were

similar to each other (Table C-2; Figure C-2), and communities at these

stations showed very high degrees of community similarity. Adjacent

shelf stations were also similar to one another in both community and

sediment characteristics. Within the latter grouping, Station B4 exhib-

ited the most seasonally unstable sediment regime and the greatest fluc-

tuations in community characteristics. For that reason it occupied an

intermediate position to beach terrace and adjacent shelf stations in

relation to general community structure.

When all stations and quarters were combined, a significant negative

correlation existed between all community parameters and mean sediment ;

grain size (Table C-8). However, when major station groupings were exam-

ined separately,-there was no relationship. Therefore, major differences

:
- in sediment texture between beach terrace and adjacent shelf stations

! probably accounted for observed differences in community structure be-

tween these two habitats. Within-habitat differences in community struc-

ture appeared to be more closely associated with sediment stability over
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time than with . minor differences in sediment grain size distributions

occurring between stations.

Shipek Grab Reliability

Gallagher (1977) previously addressed the inherent problems asso-

ciated with the operation of the Shipek sediment sampler. Its principal

deficiencies are that it does not operate with the same effectiveness in

different types of substrata and that within a substrata, it does not

consistently remove the same volume of sediments. Thus, differences in

sampling efficiencies may invalidate inferences made regarding spatial

and temporal fluctuations of community parameters.

In order to determine if sampling efficiency, measured as the amount

of material excavated during sampling, affected the number of organisms

collected, a set of tests were applied to St. Lucie grab data. Within

each major sediment regime (i.e., beach terrace and adjacent shelf), the

total number of organisms collected in each replicate was correlated

(Pearson product-moment correlation; P(0.05; Zar,1974) with sediment

depth (mm) in the sample bucket. Data for all quarters combined showed

no significant correlation within either sediment type. When individual'

quarters were treated separately, only the adjacent shelf stations exhib-

ited a significant correlation, and that occurred only during one

sampling period (Quarter III). Thus, within-each sediment type, spatial'

and temporal differences in faunal abundance were seldom related to

changes in sampling efficiency.
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i To partition out possible confounding effects resulting from the

heterogeneous distribution of organisms over time and space, least

squares linear regression analyses (Sokal and Rohlf,1981) were performed

on a series of samples taken at two stations (one in each sediment type) '

during one point in time. In March 1977, 10 replicates were taken at

Station B1 and 7 at Station 83 (ABI, 1978). Numbers of individuals
,

plotted against grab penetration depth produced regression lines at both

stations whose slopes did not differ significantly (P<0.05) froir, zero

(Bl: slope = 0.109, R2 = 0.081 and t(df=8) = 0.855; B3: slope = 0.035,

2 = 0.337 and t(df=6) = 1.421).Thus, factors other than grab samplingR

efficiency were affecting observed differences in faunal abundances be-

tween replicates.

;

It is realized that given an evenly dispersed fauna, both vertically

and horizontally, larger grab samples will contain greater numbers of

individuals than smaller samples . However, the data presented above

suggest that both within habitat and within station differences in faunal

abundance (as well as associated community parameters) are structured to

a greater degree by factors other than grab sampling efficiency. Thus,

it is assumed that within a sediment type, minor sampling inconsistencies
'

will not appreciably affect the outcome of data analyses, and inferences -
'

drawn from the statistical tests will be valid.
;

|
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NPDES Monitoring-Power Plant Impact

The primary function of any applied environmental study is to answer

questions regarding a possible source of impact through the use of known

biological and ecological relationships supported by inferential sta-

tistics. This task first requires a series of logical statements as to

what types of biological changes will be accepted as indicative of the

existence of impact. Next, a series of null hypotheses are formulated

concerning these logical statements before the data are collected. The

following discussion addresses the biological and statistical logic

employed in this study to assess the existence and extent of power plant

discharge effects.

The most complete and unambiguous answers to environmental problems

are obtained when spatial control stations and control (baseline) years

can be compared with treatment stations and operational years. The NPDES

sampling program assumes that Station C1 (ETS Station 2) has never been

affected by the thermal plume because of prevailing currents and plume

dispersion characteristics. Hence, it may be considered a control sta-

tion. Station B3 (ETS Station 5), exhibiting a similar grain-size

distribution to Station C1, is potentially affected by the discharge

plume during most of the year. Therefore, it can be used as a treatment

station. Both stations were sampled during baseline years and thus can

be compared in an optimal experimental design.

:

1

1
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Only baseline data on echinoderms, arthropods, and lancelets are

currently available (Camp et al .,1977; Futch and Dwinell,1977; Martin,

in prep). Lancelet densities were very sporadic, often very low and

generally unsuitable for parametric analysis of variance (ANOVA). For

this reason, only echinoderm and arthropod total densities were analyzed.

The optimal statistical design was a 2 x 2 (stations x time) two-way

ANOVA. Because baseline sampling was conducted bimonthly, while opera-

tional sampling was quarterly, it was necessary to mold the data into

similar scales. This was accomplished by choosing four months during

each baseline year that best approximated the months sampled during

operational years. This procedure then produced eight quarters of base-

line data to be compared with 24 quarters of operational data. Since

two-way ANOVA is severely affected by an unbalanced design, it was

necessary to select eight quarters from the 24 occurring during opera-

tional years. Selection was accomplished through a stratified random

method, providing two first quarters, two second quarters, two third

quarters and two fourth quarters. For every two-way ANOVA, three ran-

domizations were separately analyzed (Appendix Tables C-3 through C-8).

In these analyses, the existence of plant impact was indicated by a

significant stations x time interaction term. Regardless of significance
'

or non-significance of any main effects (space or time), if a significant

interaction term resulted, then the plant was assumed to have had an

impact on the benthic associations at that site.
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The important null hypothesis was then:
|

H0: There is no significant interaction effects of differences in |

space and time on the selected criteria variable (i.e., arthro-
pod and echinoderm densities).

For arthropod and echinoderm total densities, two-way ANOVA revealed

no significant interaction term for any randomization. Therefore, at

Station B3 (5), the null hypothesis was not rejected. Such an outcome is

not unexpected since this treatment station is relatively distant from

the discharge pipes. Unfortunately, the spatial control station (Station

BC) on the beach terrace was not sampled during baseline years, and so |
!

stations closer to the discharge could not be tested in this manner. '

For most community characteristics, such as total faunal density,

species richness, diversity (H') and rel ative abundance, it was not

possible to apply the optimal analysis described previously because the

baseline data was incomplete relative to operational data. Thus,

inferences concerning plant effects on these parameters must be derived

from comparisons between treatment stations (stations potentially

impacted by plant operation) and the proper control station:

Null hypothesis and variables

H0: If there is no significant change in a criteria variable at a
treatment station relative to the control at a specified time,
then there has been no plant effect.

Using one-way ANOVA (Appendix Tables C-9 through C-30) faunal den-
)

sities at adjacent snelf Stations B3, B4 and 85 were compared with their |
i

i
'
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control site, Station C1. When data for all quarters were combined, a

significant difference was found. Newman-Keuls Multiple Range test

revealed that the densities at Station B4 were significantly lower than

all the other stations, while densities at Stations C1, B3 and B5 were

not significantly different from one another. Except for Quarter I,

these differences persisted when adjacent shelf stations were compared on

a quarter by quarter basis. Identical comparisons made for species rich-

ness showed that, for all quarters combined and for each quarter sepa-

rately, Station B4 had significantly fewer species than other adjacent

shelf stations.

When beach terrace Stations B1 and B2 were compared with their

control, Station BC, in the same manner described above, no significant

differences were found for either densities or species richness.

Differences in diversity were tested for significance using the t-

test method described by Poole (1974). For Quarters 1, 3 and 4 there

were no significant differences in diversity between Station C1 and adja-

cent shelf Stations B3, B4 and B5 (Table C-11). However, during Quarter

2, Station B5 had a significantly lower diversity than Station C1. No

differences existed between Stations BC (control) and B1 and B2

(treatments) during any quarter.

Between station differences in the relative abundance regimes

(frequency distributions of individuals among species) were tested in

pair-wise fashion using the Kolmogorov-Smirnov test. When data for all
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quarters were combined, adjacent shelf Stations B3, B4 and B5 were all

different from their control, Station C1 (Table C-12). Analysis by'

quarter revealed that Station C1 was always statistically different from

Stations B3 and B5, and was different from Station B4 during Quarters 1

and 3. For each of these stations, there was significant within-station

variation between quarters for all temporally adjacent comparisons (Table

C-13). By the nature of statistical design, the null hypothesis mdst be

rejected for every quarter for Stations B3 and B5. However, since

Station C1 was also changing every quarter, as were the treatments, it is

likely that a relatively large portion of the change in relative abun-

dance regimes statistically attributed to the plant may, in fact, be a

result of natural multi-directional succession.

<

Relative abundance at Station BC did not vary statistically from

quarter to quarter (Table C-13) and, therefore, the difficulties in

interpretation seen for Station C1 and its treatments do not exist here.

During Quarters 1 and 4, Stations B1 and 82 were not different- frca

Station BC; however, both stations were different from Station BC during

Quarters 2 and 3. These changes were paralleled by increases in the'

'
number of dominant species at Stations B1 and B2 during these_ quarters

(Table C-9). The plant discharge appears to have the effect of changing

relative abundance distributions on the beach terrace during warmer

months specifically by increasing the number of dominant species

| (decreasing numerical dominance by fewer species).
e
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For the variables employed in statistical inference testing, treat-

ment Stations B1 and B2 seldom showed differences from their control,

Station BC. Since Stations B1 and B2 are 168 m inshore from the

discharge ports of the new pipe and very near the pipe not currently in

use, it seems likely that 1) there is little biologically significant

leakage from the capped old discharge pipe and 2) the plume from the new

discharge system does not extend inshore as far as these stations.

The null hypothesis of no plant effect was rejected for faunal abun-
.

dance and species richness at Station B4 and for diversity during one

quarter at Station 85. Station B4 was often different from the other

stations in this grouping. This station also underwent significant

changes in sediment grain-size composition over the course of the year

(Table C-2). Since density and species richness were shown to be signif-

icantly correlated with sediment characteristics (Table C-8), the changes

- noted for the biological variables at this station may largely derive

from this relationship. Possibly increased water velocity from the new

discharge may have resulted in the observed changes in sediment charac-

teristics. It is unlikely that thermal effects were the causative agent

since the correlations between water temperature and various biological

variables were low.

<

Although statistically significant, community disturbances at

Station 84 appear to have been moderate, as density values consistently

remained above 1000 individuals and diversity values remained similar to

those at the control station.. Similarly, the relatively low diversity
.
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value at Station B5 during Quarter 2 (4.229) was still much higher than

values commonly reported for polluted marine areas (Gray,1981). Hence,

even though the null hypothesis of no plant effect was rejected for cer-

tain community parameters at the two stations located immediately adja-

cent to the new discharge, effects appear to be limited in both magnitude

and areal extent.

Clearly, because there were no effects at Stations B1, B2 and B3

that were not mirrored by their respective controls (except the somewhat

ambiguous relative abundance variable), discharge effects were confined

to absolute maximum distances from the new discharge of 2.7 km north (the

distance to Station B3), 168 m west (inshore, distance to Stations B1 and

82) and 94 m east (seaward, the distance to Station C1) This is the best

level of resolution possible from station placements. However, judging

from biological and temperature data, the impact of heated effluent is

probably restricted to areas very much closer to the discharge pipe.

SUMMARY

During 1982, ETS sampling was terminated and the NPDES program was

initiated. The NPDES program was designed to provide continued opera-

tional monitoring of Unit 1 and to provide both preoperational and opera-

tional monitoring of Unit 2. Seven stations were sampled quarterly and

collected organisms identified and enumerated.
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Two major habitats were evident from sediment data, the beach

terrace and the adjacent shelf. Beach terrace sediments were composed of

fine to very fine, moderately-sorted, non-biogenic sands, while adjacent

shelf sediments consisted of pebbly to very coarse, poorly-sorted, bioge-

nic materials referred to as shell hash. Each substratum supported a

unique assemblage of macroinvertebrates, shell hash comunities exhi-

biting higher densities, higher species richness, higher biomass and

higher diversities than beach terrace comunities. Within both habitats,

annelids were numerically predominant.

Prior to 1982, thermal effluents were discharged through a Y-port

diffuser on the beach terrace. However, during 1982, effluents were

diverted through a new multiport diffuser extending farther offshore.

Thermal discharges were thus dispersed over a larger area and potentially

affected benthic communities in both major habitats. Experimental

(discharge) and control stations were established within both habitats to

assess the effects of power plant operation.

Within the benthic macroinvertebrate communities throughout the

study area appreciable shifts in the relative abundances of constituent

species occurred over time and seasonal changes in dominant organisms

occurred. In the shell hash habitat, these fluctuations occurred at both

control and discharge stations, and thus probably reflected natural com-

munity responses tJ a dynamic physical envi ronment. On the beach

terrace, shifts in species-abundance patterns at discharge stations,
(

relative to the control, suggest that during the summer, plant operations

may have affected community composition within this habitat.
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Statistical tests were used to compare selected comunity parameters

between control and discharge stations within each habitat. On the beach

terrace, no statistically significant plant effect on densities, species

richness or diversities was detected. However, within the shell hash

substrata, the community south of the new discharge pipe (Station B4)

exhibited significantly lower densities and lower species richness than

at the control station. Sediment instability from construction activi-

ties during placement of the new pipe and/or turbulences from discharged |

water may have accounted for the observed differences. Temperature

appears to have had little effect on community structure.

Comparison of control and treatment stations between baseline and

operational years, using an optimal experimental disign, indicated that

seven years of power plant operation (Unit 1) has not significantly

affected either arthropod or echinoderm densities at the most distant

sampling location (2.7 km north of the plant). The lack of an

appropriate control on the beach terrace during baseline years precludes

an evaluation for stations closer to the plant site. However, opera-

tional data suggest that plant effects are limited in both magnitude and

areal extent. '
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Figure C-2. Comparisons of grain size distributions between stations
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goodness of fit test was used to detect significant
differences (*atPs0.05). NS indicates no significant
difference.

C-47

_ _ _ _ . _ . . . _ _ , , _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . _ _ _ _ _ . . _ _ _ . . . _ _ . - . _ _ _ _ _ _ . _ .



___

1200- ri
L_I TOTAL NO. OF INDIVIDUALS

b TOTAL NO. OF Trachypenaeus constrictus

N TOTAL NO. OF TAXA
i

1000 -50

l

3 800 -40

8
e
2
S $
E 600- -30 Q
O >-

E O

E 5
m m

-20|Z 400-
Z

200- -10

"

0 1 2 3 4 5
STATION

.

Figure C-3. Total number of all individuals and of Trachypenaeus constrictus
and total number of taxa collected by monthly otter trawls at
each ocean station, St. Lucie Plant, January-May 1982.

C-48

. - - . _ - , _ . - _ - . - _ _ _ . . - . . . . . . _ _ - _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. - _ _ . ..

2475 1850
'' 2497t>eo32971,000-

9
0 0 STATION O

--@ STATION I
900-

i,l
II

800- 7 ||,,

5 !!$ o

@700- |,i
7 7|3

il i

5 11 /!
o I i

| 11,I i'II5 600-
0

I Ig 3 i

|l f < i !<|>

| |0 500- j i

|'E I i
l i f I iP m i i i I I 8 1

@ E 400- I I l
|

i | | li P I f,
I d 9 9o i i || I il2 | g

11 I l i I I
I 19 gi n, g i g ip300- <> IIg1 IA g| | |f | ,

t

f'
Il l

11 , i i l i i gl ,'
i

$ l I I >' I II l' lq g ,i g < ,

Ib U' ' U oQ f /,
,

s's')'s'A'j'h'h'j's k'j'4's'j's'4'j's's'j'i'A'j'A's'j's'A'j'A'A'j's'A'j'4'A

1976 1977 1978 1979 1980 1981 1982
,

Figure C-4. Total number of macroinvertebrates collected by monthly otter trawls at Stations 0
(Control) and 1 (Discharge), St. Lucie Plant, March 1976 - May 1982.

*No data available for September 1978 at Station 0.

- - - . . _ - - - - _- _ _ _ _ _ _ _ _ _ _



_ _ _ _ - .
-_ _ _ _ _ _ -

i

|
.

l
|

i
40 STATION O

-.

|
i

"'

30-
-- ,.

.

/ _.
I " --

s/20- . . .
~

d w-%'M A ~' "(

10- / s1
-- ..

g-. -. -.

-. -.

l

40 STATION 1 Ii
'

k -.

'

I g ..

\

--

30-g
O ..

1

g

g 20- --
-. ..

--

--

--

y
-.

---10-
-- --

.
-

~~ ..

!

I
' 40 STATION 2

\ --

,

30- --
|

--

|
~~ -

20- ._ --

--

--

A y _
--

10- \p ,,
__

-- M) y -- ;

_ -- ..

, 8 I i g , i . . ,

J F M A M J j A S O N O

Figure C-5. Total number of macroinvertebrate th
St. Lucie Plant, March,1976 - May,

.

| l |
i

i \
r

.- _ _ - - - . - _ _ _ _ _ _ ,- -. . . . _ . - _ . _ , . _ _ . . . - - - . . _ _ _ . . . _ _ . _ . - , _ . - , . - - _ _ - . - - _ _ . . _ _ _ _ - - - _ . _ . _ _ . _



. __ _ _ - - . _ _ . . _
,

!

: : 1976 i

_ _ STATION 3 o - - -0 1982
-40} RANGE FOR 1977, 1978, 1979,1980,1981

- - -30

_.

- --

_20

_.
-- '

_ _ --
--

--

'
-10

' -
'g __

__ _ i

_ _ STATION 4 -'

__ -40

__
--

_

_30

- - --

-20__

D
.. __

.,

7 ~

--

k - N
' 'N i_ _ j 7 __

N-f Mf _
--

_jo
__

--

--
\ __

--

_.

STATION 5 -- ''

_ _

_40

" ~~

_ -
__ . -30

__
--

__

__

- - -20
k j ._

/) --

-10

--

\
_ _ Ng/

--

\ --
- -

f
\ / __ ---

9
i . . . . . . . . . . .

J F M A M J J A S O N D

b collected by monthly otter trawls at each ocean station,
)82. Points connected for visual continuity only.
:

r

!,

1
i

.'
o

,

d

-, . - - . . . - - . . -,,.-_-..w.., . . - - - . + , - ...- -- - - , . -,w-m,, . - . - , , , +y.,,-y-, , , - . . .-,vw-. - , - ,,r....-ywm.



,
. . . _ .

.

. _ - - _ _ - - _ _

400 - : : STATION O

O-- - ---o STATION 1 g

Il
11

Il
300 - 1I

II

'!
$I!m 200 -

d |II"

m i I

o i 1

5 I I

U ? I |

[ 15 0 - jf f I 6

O gi 11 |
t

n 'a g II Il I

I| I| ? I I Il I~ m
11 I I|E

f | ||||| 1Z 100 - i

I E i 11 il | 1 |i

! I i|

I O |j! |!7.! , '
Fij !!'l V

I
1 I ||

, '
|

'I I I ' 1 l\ J I | '1 o
|50-

kf"I
I

g

g2 |
I Yl I

| l| |1 Igo

b f gh I \ R I \f\ ' ' "l' AA X, K e3
m

$1b$$1bobb$hb$bJ h DbO D F J J D F F

1976 1977 $978 k979 $980 1981 1982
*

Figure C-6. Monthly abundance of Trachypenaeus constrictus in trawl collections at Stations
0 and 1, St. Lucie Plant, March 1976 - May 1982.

*No data available for September,1978 at Station 0.
1

L________



. . _ . . _ _ .
. _ _ _

20-
OSTATION BC
OSTATION B1

OSTATION B2
--

_

8
-

95%

515- ,interNE*
"'

--

f a
w
$ zs

"

.2 --

i_10-
--

..

_

d
z_ ozs
C [] []
i5 ..

@ 5- . .C
"

Q
.. g

O.-
..

--
..

'

1 2 3 4

5-

A
! \\

'

^ 4- oR.
'\.\

/-

E / \
R a Y' p '
5 \ / \\

\s / g\\5 3- \\{/ \.gt

C OSTATION BC
2" 6- -6STAflON B1

0---OSTATION B2

. . . . . . . .

2
QUARTER

Figure C-7. Density and diversity of benthic macroinvertebrates
collected each quarter by grab at Stations BC, B1,
and B2, St. Lucie Plant,1982.

C-52

_ _ _ _ _ . . . . . . . . _ . .



- . - _ -- _

.

O STATION' B3
"

i $ STATION 84
""

i O STATION B5
i O STATION C1

- 95%
--20- consw.nc.

% . . I "I',''* l
^

..

E ""

3 ..

% 2h
a 0..

2 ..

f15- --
. .

c
O [] /h--

() ()/h0

E /i

U C3
E3

E 10- ()
"

z --

..g

i O
. ..a. . . . .

"
.. ..

I I~' ~"

5-
,

.. . .
..

.

4 > 4 5
.. .

<

. . . . .

1 2 3 4
I

QUARTER
-

.
l 6-

;

# h

5- -1 ;

E # f . C .'_g.......%
e -

_O. _ . .

U 4~ .N *

5 \'N ,

$
> 3-

,

b -O O STATION 83
~

'

2- 9 G STATION B4
6- -O STATION 85- :

0----OSTATION C1 -

-

,

-
,

I

. . . . . .

l QUARTER
Figure C-8. Density and diversity of benthic macroinvertebrates

collected each quarter by grab at Stations B3, B4,
B5 and Cl, St'. Lucie Plant,1982.

C-53

._ _ . _ _ _ _ . . . _ _ . _ . . . _ _ _ _ _ . _ _ _ _ _ - _ . - _ _ _ . _ . _ . - - _ . _ _ _ _ . _ _ _ . _ . _ _ _ _ - _ _ - _ _ _ . _-



.__- - - _ . _ - _ _ _ _ _ . . -- - - - - . - . .--- . _ - . - - - _ - - . - . ~ - - - - - .

:
|

i
|

s :

|

i
;

1

i
; 7...g._,, ,.%..-,c_ -.y ... m,....,_.., ,.,_m.. ,r.7._,....,7 . _ , , . . . .,._.,y ,y_._ .,_ _ ,_--. - .,._. -.

| 80 * ' STAT N 81 3 s: L. ;
,

.

'l -
4

,

! lI
STATION 82 :'

STATION SC '

| 60- j

h !
'

F-
>

; |L

I O '

,

n

h @ 40-
3ca ',

l 2! .
i o

,! l
}

20-

J
; ;

i
!

f. ; s
-

!
.

I
'

!
j u u u 5 5 3 u u

1, 50 100 150 200 250 300 350 400
i

i NUMBER OF INDIVIDUALS
!
; Figure C-9. Rarefaction diversity curves for Stations BC, B1 and B2 showing expected number of
i taxa for varying population levels of benthic macroinvertebrates, St. Lucie Plant,
! 1982.
'
.
,

!

$

_ _ _ _ _ _ _ _ _ . _



_-_______ __

7._,_..-- _.-.m . - . . . . . _ _ . , , - - . - . _ ._ . . . . .. . . . _ , . - . , . _ , . .__.._ ..
_ -

STATION C1-
.

-4
250< .}

,,

STATION B3 i,

I

TATION B5 ,

i
;

!'

,

STATION

$ 84'
'

150- -

H
EL
O , ,
cc

o m i
& co
'" 2 100< ;

o
z

!
!

;

50< i
i

i

.].

'

'h,.

5 5 5 5 5 g s

1,000 2,000 3,000 4,000 5,000 6,000 7,000

NUMBER OF INDIVIDUALS

Figure C-10. Rarefaction diversity curves for Stations B3, 84, B5 and Cl showing expected
number of taxa for varying population levels of benthic macroinvertebrates,
St. Lucie Plant, 1982.

_ _ _ _ _ _ _ _ _ .



.

! 80 - B ANNELIDA

| C ARTHROPODA

] E MOLLUSCA )
'

E ECHINODERMATA |

@ CEPHALoCHORDATA i
'

60- E OTHER *

*
C SIPUNCULA

m .

m .
4 *3

*0 40-
g - .

*
u

*
E= .

3 *
E . E

er = = .
*

z 20-
- : ** - E 5 *

F e *
E E = .O , = ..

** E * ET E s .p 2 . E ..
E * E !!: 5 . .

**y 5 E- ... * "~ * E * E :i' u E 3- . .O : . = .: .. -

* : *3 : :: * E7. E
~* *

: . : :!a .. : . . .

E - * * I ** E ii: E i!
* * E. . . .

O
_m = :. . . 5:::O

_... . _ .. ..
:::: ;: . . = .. = :::._ : .: . =

_ _

;:- ~
.

uJ BC B1 B2 83 B4 B5 C1

0 STATION
% 80-
z
w
0 _

E E E 5_a e E ; e
= = = =

60- E E E E
_ : : : :
: = = = =
= = = = =
= = = = =

w E E E E E
O

k
_ E E E E E E

E E E E E E E
o 40- E E E E E E E
Z E E E E E E E
m : : : = = = =
m : : : = = = =
< E E E E E E E

: : = = = =
: : : : : : :

E E E E EE E e
-

j j g g g20- [ [ _
j .

*
E i_ E . E-_ E E . E E
E -i Er. E

* E E : E E ,

*
'

= :. . = : = .: . = = : = =*r: : :: = = i : =: :. . _.

= :: . = :.
- - :T- -

:: |E 7 E : E E
'

: : ' : :E i- *: : : !: : :: s : : :. 5. : : *
. = ::

-

.:= ::
t uml me m e sum

.

-m al= : .
me -mmm ammmumm

BC B1 B2 B3 B4 B5 C1

STATION

Figure C-11. Percentage contribution by major macroinvertebrate group to total
community abundance and biomass at each ocean station, St. Lucie
Plant, 1982. Sipuncula and miscellaneous minor phyla were ,

combined for biomass determinations. |
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Figure C-12. Morisita indices of faunal similarity between ocean
stations based on Shipek grap data for each quarter
and for all quarters combined, St. Lucie Plant,1982.
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Figure C-13. Morisita indices of community similarity applied to dominant
taxa at ocean stations, St. Lucie Plant,1982.
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TABLE C-1

SUMMARY OF NUMERICAL METHODS USED FOR ANALYZING
COMMUNITY STRUCTURE, ST. LUCIE PLANT, 1982

|

Test Description Use |

Mann-Whitney U-Test Nnnparametric test for cogaring Used to determine if trawl ,

(Elliot,1971) means derived from two samples of data from Stations BC(0) and |

different size. B1(1) were significantly different. |
|

Wilcoxon-Paired Sagle Nonparametric test for comparing Used to determine if trawl (
Test (Zar,1974) means derived from two samples of data from Stations BC(0) and

'

equal size. Bl(1) were significantly different.

One-way ANOVA Parametric test for cogaring Used in sub-optimal experimental
(Sokal and Rohlf,1981) several sample means. design to determine if mean faunal

.n
4 abundance and mean species richness
o differed significantly between

control and treatment stations.

Two-way ANOVA Parametric test for comparing Used in optimal experimental
(Sokal and Rohlf,1981) several sample means over time design to determine if a significant

and space. interaction existed between baseline
vs. operational years and control vs.
treatment stations. relative to
arthropod and echinoderm densities. )

Newman-Keuls Mulitple Parametric test for determining Used in association with one-way
Range Test (Zar, 1974) which of several sample means are ANOVA for determining which station

significantly different. means within each major station
grouping were significantly
different.

Spearman-Rank Correlation Nonparametric test to correlate Used to examine relationship between
(Siegal,1956) two variables. water tegerature and species rich-

ness at Stations BC(0) and B1(1).
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TABLE C-1
(continued)

SUMMARY OF NUMERICAL METHODS USED FOR ANALYZING
COMMUNITY STRUCTURE, ST. LUCIE PLANT, 1982

Test Description Use

Pearson Product-Moment Parametric test to correlate Used to examine interrelationships
Correlation Coefficient two variables. among density, species richness,
(Sokal and Rohlf,1981) diversity, biomass, water tegerature

and sediment mean grain size within
major station groupings.

McClosky's (1970) Index Assigns biological index values Used to cogare dominant taxa among
of Faunal Dominance (BIV's) to species based on their stations and to look for changes in

p numerical abundance in each of a dominant taxa over time.
$ series of samples.

Quantitative Dominance Using cuaulative abundance data Used to compare dominant taxa among
determines which species numerically stations and to look for changes in
account for 50 percent of total dominant taxa over time.
faunal abundance.

Dominance-Diversity Graphically displays faunal diversity Used to cogare faunal diversity
Curves (Whittaker,1965) using species-abundance data. among stations.

Rarefaction Diversity Graphically displays faunal diversity Used to compare species accumulation
(Sanders,1968) using cumulative frequency distribu- rates among stations having different

tions of conponent species, faunal densities.

Kolmogorov-Smirnov Test Nonparametric test for comparing Used to determine if grain-size
(Sokal and Rohlf,1981) cumulative frequency distributions distributions and species-abundance

of elements within two sagles, patterns differed among stations
within each major station grouping.
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TABLE C-1
(continued)

SUMMARY OF NUMERICAL METHODS USED FOR ANALYZING
COMMUNITY STRUCTURE, ST. LUCIE PLANT,1982

Test Description Use

Shannon-Weaver Index of Calculates mean diversity of a Used for measuring the quality of
Diversity and Evenness sample based on the number of the environment and the effect of
Component (Lloyd et al ., species present and the way in induced stress on community
1968; Pielou, 1966) which individuals are distributed structure.

among those species. The observed
diversity is then compared to a
hypothetical maximum diversity
based on the number of species in
the sample.

,

R3 Morisita's (1959) Index of Compares abundances of shared Used to construct trellis diagrams
Community Similarity species, total faunal abundance depicting faunal similarities

and diversities between two samples. among stations.

. - _ - _ _ _ _ _ _ _ _ _ _ .
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TA8LE C-2 ,

1

SE01Mihi GAIN 5!ZE ANALYSIS (PERCENTAGE 8Y WEIGHT) Ai BENTHIC STAT 10h5 I

ST. LUCIE PLANT |
1982 '

511t Sort'ag
|Very Very and Mean coefft. .

Pebble Granule Coarse sand coarse sand Medium Sand Fine sand fine sand clay diameter cient

Station Month (>32m) (32-16m) (16-8m) (8-4m) 4-2 2-1 1-0.50 0.500-0.250 0.250-0.125 0.125-0.063 <0.063 Jf Jf

8C March 0.0 0.0 0.0 0.0 1.38 1.42 1.16 1.51 29.19 64.87 0.47 3.03 0.91 |

(0) June 0.0 0.0 0.0 0.0 0.28 0.64 1.38 1.75 20.07 75.05 0.83 3.20 0.72
Sept 0.0 0.0 0.0 0.0 0.10 0.20 0.29 0.95 25.48 72.61 0.38 3.21 0.56
Nov 0.0 0.0 0.0 0.0 0.21 0.10 0.41 0.10 2.57 95.17 1.44 3.48 0.47

81 March 0.0 0.0 0.0 0.0 1.40 2.32 3.89 16.12 45.26 30.84 0.17 2.45 1.04
(1) June 0.0 0.0 0.0 0.0 0.19 0.76 0.94 2.74 22.10 72.90 0.38 3.17 0.70

Sept 0.0 0.0 0.3 0.39 0.88 1.17 2.24 14.24 36.59 44.20 0.29 2.68 1.01
Nov 0.0 0.0 0.0 0.0 0.09 0.45 1.26 7.50 26.02 63.32 1.36 3.06 0.81

82 March 0.0 0.0 0.0 0.0 0.41 1.24 3.80 14.89 18.55 60.01 1.10 2.86 1.04
June 0.0 0.0 0.0 0.0 0.54 1.26 1.35 3.05 22.06 70.94 0.81 3.12 0.84
Sept 0.0 0.0 0.0 0.0 0.68 0.58 0.49 2.82 21.67 72.98 0.78 3.17 0.76
Nov 0.0 0.0 0.0 0.0 0.18 0.44 0.27 0.27 7.47 87.38 4.00 3.49 0.69

h 83 March 0.0 0.0 0.0 0.0 28.00 24.39 34.88 11.84 0.48 0.30 0.11 -0.16 1.06
C) (5) June 0.0 0.0 3.50 8.% 9.43 22.92 34.81 16.60 1.60 2.08 0.09 -0.06 1.45
W 5ept 0.0 0.0 4.91 5.10 8.64 26.01 37.49 16.49 0.39 0.88 0.10 -0.08 1.34

Nov 0.0 0.0 3.58 3.34 3.26 12.98 44.35 32.17 0.16 0.08 0.08 0.39 1.22

84 March 0.0 0.0 0.0 0.0 32.91 30.70 12.23 17.38 4.74 1.77 0.27 -0.13 1.35 ,

1

June 0.0 0.0 0.46 2.86 2.86 9.12 16.13 34.65 23.50 10.32 0.09 1.38 1.42
Sept 0.0 0.0 4.41 9.81 12.87 15.84 13.41 17.10 16.56 9.90 0.09 0.42 2.00
Nov 0.0 0.0 6.06 10.38 11.66 20.11 19.93 17.54 8.82 4.96 0.55 0.04 1.87

85 March 0.0 0.0 0.0 0.0 42.19 28.82 18.58 7.43 2.01 0.80 0.17 -0.48 1.13
June 0.0 0.0 6.53 6.82 9.94 21.12 18.84 17.14 9.09 10.32 0.19 0.30 1.94
Sept 0.0 0.0 3.98 5.17 9.15 23.56 22.63 21.95 8.56 4.92 0.08 0.31 1,64

Nov 0.0 0.0 3.70 3.19 5.41 22.63 28.22 25.25 8.75 2.16 0.09 0.04 1.52

C1 March 0.0 0.0 0.0 0.0 15.61 21.03 41.84 20.50 0.25 0.60 0.18 0.22 1.04

(2) June 0.0 0.0 2.38 9.60 20.53 30.32 24.14 11.03 1.24 0.67 0.10 -0.44 1.32
Sept 0.0 7.90 8.14 12.16 10.66 20.54 27.25 11.14 0.79 1.34 0.08 -0.83 1.88
Nov 0.0 0.0 5.19 6.37 11.17 24.49 34.57 15.08 1.47 1.57 0.10 -0.13 1.43

3 March 0.0 0.0 0.0 0.0 0.26 0.48 7.40 55.14 36.40 0.30 0.04 1.78 0.65

4 March 0.0 0.0 0.0 0.0 14.06 23.52 38.98 22.27 0.66 0.39 0.12 0.24 1.02

I
1



TABLE C-3

QUARTER 1 1982 ETS BENTHIC MACR 0 INVERTEBRATE COMMUNITY PARAMETERS e s
COMPARED WITH MINIMUM, MAXIMUM AND MEAN VALUES

OBTAINED FOR QUARTER 1 1976-1981
ST. LUCIE PLANT

Minimum Maximum - Mean
Station Parameter value Year value Year 1976-1981 1982

0 Density * 333 1981 4,483 1977 1,245 808
No. taxa 13 1981 56 1977- 30 26
Biomass 0.142 1981 5.100 1977 1.562 0.112**
Diversity (H') 2.953 1981 4.044 1980 3.699 3.896

1 Density 225 1976 1,933 1977 832 733
No, taxa 8 1976 32 1980~ 27 23
Biomass 0.400 1981 2.860 1978 1.521 0.489
Diversity (H') 1.533 1976 4.808 1977 3.655 3.648

2 Density 10,462 1980 23,917 1977 14,449 11,221
No. taxa 94 1976 152 1977 113 118
Biomass 3.833 1981 25.363 1976 12.420 11.002
Diversity (H') 4.215 1979 5.523 1977 4.723 4.762

3 Density 817 1976 2,407 1980= 1,372 1,516 !

No. taxa 14 1976 45 1981 32 52**
Biomass 0.617 1981 33.240 1978 7.086 1.109
Diversity (H') 3.025 1976 4.377 1981 3.880 4.630**

4 Density 3,817 1977 29,940 1981 11,396 18,301
No. taxa 91 1976,77 146 1981 105 119
Biomass 0.795 1977 317.142 1980 57.922 3.876
Diversity (H') 3.931 1981 5.464 1977 4.614 4.519

b

5 Density 8,275 1976 19,425 1977 12,453 12,820
No. taxa 102 1979 152 1977 122 113
Biomass 2.508 1981 17.695 1977 7.068 5.235
Diversity (H') 4.314 1979 5.537 1978 4.957 5.178

2* Number of individuals /m . ., .

** Outside the range . reported for 1976-1981. <

|

=1

4

J

<

-
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TABLE C-4

SENTHIC MACROINVERTEBRATE ComJNITY PARAMETERS rfASURED AT OFFSHCRE STAT *M
OURING ETS AND NPDES sONITORING

ST. LUCIE PLANT
1982 |

f

Station
*

Parameter Quarter BC(0) 21(1) 82 83(5) 84 85 CI(2) (3) (4) Tot als* mean

8
No. of tema 1 26 23 29 113 55 110 118 52 119 229 67.7

f 8
2 33 3) 15 156 48 112 148 287 12.7
3 27 34 30 142 87 110 110 261 77.1
4 15 16 19 92 65 98 92 204 56.7

Total' 68 80 66 252 162 215 262 472 -

70.1Mean 25.3 28.0 23.3 125.8 63.8 107.5 117.0 -

Density 1 808 733 667 12833 2317 15241 11225 1517 18308 43824 6261
D

(individuals /n ) 2 1375 1158 662 13699 1525 12250 13516 44185 6312
3 Te 3 783 492 16603 5483 13475 11608 49232 7033

4 3SJ 217 267 13333 2325 12858 10141 39491 5642

Total 3316 2891 2088 56473 11650 53824 46a9C 176732 -

Mese 829 723 522 14118 2913 13456 11623 44183 6312

(7 Blomags 1 0.112 0.489 0.j67 5.235 0.474 4.483 11.002 1.1087 3.8759 21.9662 3.1380
: (g/m ) 2 0.242 0.684 - 3.518 1.319 6.482 33.192 45.4377 7.572

$ 3 0.253 0.337 0.556 3.524 1.992 3.809 3.075 13.5469 1.9353
4 0.766 0.068 2.123 2.025 2.469 2.967 2.900 13.3146 1.9021

Total 1.373 1.578 2.846 a4 302 6.254 17.746 50.169 94.265 -

Mean 0.343 0.394 0.949 3.575 1.563 4.437 12.542 23.566 3.367

Diversity 1 3.896 3.648 4.047 5.178 4.444 4.184 4.762 4.630 4.519 4.308
(H') 2 3.815 3.847 2.681, 5.491 4.553 4.229 5.048 4.238

3 3.716 4.427 4.410 4.863 4.630 4.230 4.360 4.377
4 2.180 2.59S 2.557 2.263 3.210 2.486 3.002 2.614

Mean 3.402 3.630 3.424 4.449 4.209 3.782 4.293

vartance 1 0.157 0.336 0.581 0.482 0.343 0.639 0.107 0.127 0.212
b

(of 3) 2 0.958 0.242 0.811 0.453 0.525 0.780 0.176
3 0.156 0.364 0.905 0.403 0.158 0.778 0.107
4 0.130 0.471 0.605 0.172 0.143 0.320 0.502

E venness 1 0.829 0.650 0.644, 0.683 0.560 0.494 0.536 0.812 0.609 0.628
(J') 2 0.756 0.624 0.416 0.693 0.556 0.489 0.700 0.605

3- 0.781 0.746 0.678 0.618 0.556 0.483 0.480 0.620
4 0.805 0.757 0.654 0.456 0.602 0.435 0.502 0.602

Mean 0.793 0.694 0.598 0.613 0.569 0.475 0.555

* Excluding Stations (3) and (4)
D8ased on two repitcates.

" Number of distinct taxa for quarter or year.

Encluded becaJse of unrepresentative sanq)1e.
.

_ . - . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _
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TABLE C-5

FIVE TOP-RANKEDa DOMINANT TAXA 0F BENTHIC INVERTEBRATES
FROM TRAWL SAMPLES AT SIX OFFSHORE STATIONS

ST.LUCIEP(ANT
1976-1982

Station Species 1976 1977 1978 1979 1980 1981 1982

0 Trachypenaeus constrictus 1 1 1 2 2 2 2
Crepidula fornicata 2 - - - - - -

hellita quinquiesperforata 3 2 - - - - -

Anomia simplex 3 - - - - - -

Portunus spinimanus 4 5- - - - -

3 2 1 1 1 1Trachypenaeus sp.o -

4Turbo castanea - - - - --

5Loligo plei - - - - --

5 5 5Leptochela serratorbita - -- -

3Periclimenes longicaudatus - - - -- -

4 4 3 4Processa hemphilli -- -

3 4Acetes americanus - -- - -

3 3Portunus gibbesii - - - - -

4Arenaeus cribrarius - - - - - -

5-Hepatus epheliticus - - - - - -

1 Trachypenaeus constrictus 1 1 1 2 2 2 2
Sicyonia dorsalis 2 - - - - - -

Leptochela serratorbita 3 4 4 5 .3- -

Mellita quinquiesperforata 4 - - - - - -

Squilla neglecta 5 - - - - - -

2 3Periclimenes longicaudatus - - - --

3Loligo plei - - - - --

Trachypenaeus sp.b 5 2 1 1 1 1-

5Portunus spinimanus - - - - - -

3 5 4Processa hemphilli - - - -

4 3 5Acetes americanus -- - -

Latreutes fucn ^W 4- - - - - -

Portunus Lb df fT7 3- - - - - -

Arenaeus cribf!/Iu. 4- - - - - -

Hepatus epheliticus 5- - - - - -

2 Crepidula fornicata 1 3 - - - - -

Trachypenaeus constrictus 2 2 1 1 1 1 2
Anomia simplex 3 - - - - - -

Portunus spinimanus 4 5 3 4 - - -

Processa hemphilli 5 5 4- -- - -

1 2 4 2 4Periclimenes longicaudatus - -

4Loligo plei - - - - --

Trachypenaeus sp.b 4 2 3 3 1- -

3 2 2Portunus gibbesii - - - -

5Leptochela serratorbita - -- - - -

'S 4,Argopecten gibbus _ - - - - -

3Diplothyra smithii - - - - - -
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TABLE C-5 l

(continued) )
FIVE TOP-RANKEDa DOMINANT TAXA 0F BENTHIC INVERTEBRATES '

FROM TRAWL SAMPLES AT SIX OFFSHORE STATIONS
ST. LUCIE PLANT

1976-1982c

Station Species 1976 1977 1978 1979 1980 1981 1982

3 Trachypenaeus constrictus 1 1 1 1 1 1 1

Trachypeneopsis mobilispinis 2 2 3 3 - - -

Portunus anceps 3 - - - - - -

Leptochela serratorbita 4 4 - - 5 - -

Encope michelini 5 - - - - - -

Periclimenes longicaudatus 3 5 4 4 - --

5Processa sp. A 5 2 5 ---

Mellita quinquiesperforata - - 4 - 2 - -

Trachypenaeus sp.D - - - 2 3 2 2
3 5Portunus gibbesii - - - - -

4 4Portunus spinimanus - - - - -

3Arenaeus cribrarius - - - - - -

4 Mellita quinquiesperforata 1 1 1 - 4 - -

Trachypenaeus constrictus 2 5 3 1 2 1 1

Chaetopleura apiculata 3 - - - - - -

Portunus spinimanus 4 55- - - -

Anomia simplex 5 - - - - - -

Periclimenes longicaudatus 2 2 4 1- - -

3 - - - - -Turbo castanea -

Loligo plei 4- - - - - -

Processa hemphilli 5 5 5- - - -

Metapenaeopsis goodei 4- - - - - -

Trachypenaeus sp.D - - - 2 3 4 2
Acetes americanus 3 - - -- - -

Portunus gibbesii 5 2 3- - - -

- - - -- - 3 5Argopecten gibbus
Crepidula fornicata - - - - - - 5
Diplothyra smithii 4- - - - - -

5 Crepidula fornicata 1 - - - - - -

Trachypenaeus constrictus 2 1 1 2 1 4-

Turbo castanea 3 2 - - - - -

Anomia simplex 4 - - - -- - -

Portunus spinimanus 5- 3 1- -- - -

-1 2 3 - - -Lytechinus variegatus -

3Chaetopleura apiculata - - - - - -

Arbacia punctulata 4- - - - - -

5Chione grus - - - - -_-
Periclimenes longicaudatus 4 4 3 5- - -

Metapenaeopsis goodei - - 5 - - - .-

2 1 2 3Trachypenaeus sp.D - - -

Processa hemphilli - - - 5 4 4 -

i
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TABLE C-5
(continued)

FIVE TOP-RANKEDa DOMINANT TAXA 0F BENTHIC INVERTEBRATES
'

FROM TRAWL SAMPLES AT SIX 0FFSHORE STATIONS
ST. LUCIE PLANT

1976-1982c

Station Species 1976 1977 1978 1979 1980 1981 1982

5 Acetes americanus 5- - - - - -

(cont'd) Portunus gibbesii 3 2- - - - -

5Diplothyra smithii - - - - - --

|

| aRanked according to McCloskey (1970) biological index values.

b rachypenaeus sp. are probably juvenile specimens of TrachypenaeusT
- constrictus but positive identification to species was not possible.

cMar-Dec, 1976-1981; Jan-May, 1982.

I

r

l

i

|

!
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TABLE C-6

COMMERCIALLY IMPORTANT SPECIES OF MACR 0 INVERTEBRATES
COLLECTED BY TRAWLS

ST. LUCIE PLANT
1976 - 1982a

'

Number
Species Year collected Station

Argopecten gibbus 1976 26 0,2,4,5
. 1977 3 2,5
"

1978 8 5

3 1979 0 -

'

1980 14 2,5
1981 1756 all
1982 143- 1,2,4,5

Callinectes sapidus 1976 2; 0,1
1977 2 1

1978 1 1

1979 8 0,1,2
1980 7 0,1,4

1 -1981 8 0,1,3,4
1982 4 0,1

Menippe mercenaria 1976 1 0
1977 0 -

1978 0 -

1979 0 -

1980 0 -

1981 0 !--

1982 0 -

>

- Penaeus aztecus 1976 0 -

'

1977' 12 0, l ',5
1978 2 1,

''

1979 25 0,1,2,4,5
1980 29 -. 0,1,2,3,4
1981 30 0,1,2,3,4-.
1982 :2 0,5

;

Penaeus brasiliensis '1976 3 0,5
1977 2' 0,2

.

.1978 2 1,5
i 1979 3 1,2,5 -
'

1980 7. ' 2,5'
1981 0-

-

'

1982 0 -

'

C-69
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| TABLE C-6
| (continued)

COMMERCIALLY IMPORTANT SPECIES OF MACR 0 INVERTEBRATESi
'

COLLECTED BY TRAWLS
ST. LUCIE PLANT

1976 - 1982a

Number
Species Year collected Station

Penaeus duorarum 1976 43 0,4,5
1977 57 all

1978 97 0,1,2,4,5
1979 38 0,1,2,4,5
1980 24 0,1,2,4,5
1981 34 0,1,4,5
1982 11 0,1,2,5

Penaeus sp. 1976_ 11 0,1
1977 15 0,1
1978 11 1,2,5
1979 13 1,2,5
1980 2 1

1981 35 0,1,2,5
1982 2 0,2

Sicyonia brevirostris 1976 21 0,2,3,5
1977 35 0,2,3,4,5

1978 67 all

1979 5 2,5
1980 32 1,2,4,5
1981 34 2,3,4,5
1982 3 2,5

aMar-Dec,1976; Jan-May,1982; Jan-Dec all other years.

|

|
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: TABLE C-7
:

COMPARIS0N 0F CRUSTACEANS AND ECHIN 0 DERMS COLLECTED BY OTTER TRgW)LSDURING BASELINEa(1973-1974) AND FOLLOW-UP STUDIES (1976-1982:
i STATION 1

i ST. LUCIE PLANT
1

;

! Macroinvertebrate Baseline
group 1973-74 1976 1977 1978 1979 1980 1981 1982

i

Crustaceans;

' Total number of individuals 201 509 763 1377 2374 2611 3990 1003

Total number of taxa 26 32 41 54 36 52 46 23

{ _ Taxa identified to species 17 26 34 42 24 40 36 19
:

}
Taxa shared with baseline 8 13 12 12_ . 13 13 9-

i

j Echinoderms

i Total number of individuals 3 21 7 20 1 3 20 0-
!

Total number of taxa 1 5 5 ~8 1 1 5 0
,

j Taxa identified to species .1 5 5 7 1 1- 5. O

i
i Taxa shared with baseline 1 0 1- 0 ,0 1.- 0-

|
1

acamp et al.,1977; Martin, in press.
b
March-December 1976

' January-May 1982
January-December all other years'

1

i

e

t

t

:.
l
.
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TABLE C-8

PEAR 5ON PRODUCT-MOMENT C0kNELAT10N COEFFICIENT 5 (r) FOR MEASURED COMMUNITY PANAMEILRS
AND SELECTED PHVSICAL VARIABLE 5 AT (TFSHORE BEhTHIC STATIONS

ST. LUCIE PLANT
1982

Abundance vs. Species richness vs. Diversity (H') vs. Biomass vs.

Station Nurber Bottom Mean Bottom Mean Bottom Mean Bottom Mean

groupings and of Diversity water grain Diversity water grain water grain water grain
qu a rt ers taxa (H') Biomass temperature size (H') Biomass tecTerature sire Bionass temperature size tenrerature sire

All stations

combined *
Guarters

1 0.9619' O.6566 0.7698* 0.8783* -0.7217 0.7939' O.8667* 0.8743* -0.8286* 0.6573 0.4539 -0.7955* 0".7828' -0.6092

2 0.9790* 0.7511* 0.6250 0.1621 -0.9221* 0.8573* 0.6329 0. 64 5 -0.9367* 0.4532 0.0906 -0.8288* -0.2033 -0.6476

3 0.9767* 0.4702 0.9726* -0.0885 -0.7869* 0.5817 0.9634* -0.2075 -0.8493* 0.4432 -0.3920 -0.3999 0.0314 -0.8640'

n 4 0.9329' -0.0841 0.6428 -0.0747 -0.8307* 0.2507 0.7914* -0.1561 -0.9623* 0.4298 -0.4002 -0.3900 -0.0221 -0.7284
e

.

All quarters 0.9465* 0.3535' O.4759* -0.0812 -0.8079* 0.5457* 0.5733* -0.0222 -0.8571* 0.3557* -0.0580 -0.3646* -0.2570 -0.4393*

5tations BC,
81 and B2

All quarters' O.8071* 0.6125* -0.3929 -0.3717 -0.2242 0.8620* 0.3271 0.0434 -0.2656 0.4931 0.1977 -0.5110 -0.0031 0.4980

Stations 83,

All quarters $1
84, 85 and

0.8475* 0.0714 0.2905 0.1664 -0.2067 0.4437 0.5129' -0.0009 -0.2317 0.3159 -0.2401 0.1780 -0.3892 -0.2730

*Significant difference at P10.05 for critical r value.

'Crttical r value (af=5) 10.755.

Critical r value (df=26) 10.344.

" Critical r value (af=10) 10.576.
d
Critical r. value (df=14) 10.497.
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TABLE C-9

- LIST OF DOMINANT TAXA 0F BENTHIC MACR 0!NVERTE8 RATES

|_ COLLECTED ST GRAS EACH QUARTER AT OFF5HORC STATIONS
i- ST. LUCIE PLANT
|: 1982

,. Abundance by quarter and station
1

|. _

pant tena*
tQuarter 1 Quarter 2 Quarter 3 Ouarter 4 Entire Year

l
- BC 81 82 83 84 - 85 C1 BC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1

| PLATYHELMINTHES 71
'

NEMERTINA 6 110 46 109 80 35 84 15 11 12 91 8 4 10 40 29 30 357 104
AhhEL104
-Arenicolidae spp. 15 15
Armandiaalih 16 16 33 53 26 12 3 67 59 45
Jxo .ne arenosa 52E

Filo F inula sp. A 215 559 160 322 337 139 475 408 685 14 623 450 14 1199 1979 1230
Goniada iTttorea 16 2 2 12 ..

Remipodes roseus
. 41 11 107

Mediomastus californiens1s.
| Notomastus latericeus

' 70 78 97 3 65 102 192r

79 80
' Owenia fusiformis 5 3 203!. 6 .Phallodrilus sabulosus 54

g . Podarte obscura 25 43
-N FTionospio cristata - 10- 68 133 299 111 4 74 120 236 138 392W . Pseudoeurythoe sp. 84 175 318 81 577 1385coleleois tenana . . 11 25

. Sphaerosyllis sp. 103 67
Spiophanes bontwa 35 44t

i Tubificoides wasselli 82
| MOLLUSCA

Cylict.nella canaliculata 20
. Kurtriella atrostyla 3
' Montacuta sp. 8 29 29Olivella adelae 4>.

!. Parvilucina maltilineata 10 5 13 24AR M
|- Cyclaspis varians 12

Jantridae sp. A 118
Maera sp. A

'.Platyischnopidae sp. A.
187 51 203

5
Ienanthura brevitelson 15

| $1F5hCULA 9 299 408 83 437 235 17 947 1083 474
|

|
!

o

'

,
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TABLE C-10

SUMMARY OF PLANT EFFECTS REVEALED BY USE OF'

SUB0PTIMAL EXPERIMENTAL DESIGN
ST. LUCIE PLANT

1982;

Control Station = BC Control Station = C1
Treatment Stations = B1 a,1 B2 Treatment stations = B3, B4 and B5

Density 1. No effects 1. B4 < C1 (quarters combined)
B3 = B5 = C1

2. No effects (quarters separated)

Species
richness 1. No effects 1. No effects

Diversity 1 No effects 1. Quarter 2: B5 < C1
2. Otherwise, no effects

Relative
abundance 1. Quarters 1 and 4 1 B3 and B5 different from C1 at

no effects all quarters
2 Quarters 2 and 3 2 B4 different at Quarters 1 and'

B1 and B2 not = BC 3
.

i

R

J

C-74
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TABLE C-11

RESULTS OF T-TESTS (Poole, 1974) USED TO DETECT SIGNIFICANT
DIFFERENCES (P<0.05) IN DIVERSITY (H') BETWEEN CONTROL
STATIONS (C1 ANb BC) AND THEIR CORRESPONDING TREATMENT

STATIONS (B3, B4 AND B5 AND B1 AND B2, RESPECTIVELY)
ST. LUCIE PLANT

1982

Treatment stationsControl stations
Quarter (H' value) B1 B2 B3 B4 B5

1 Cl(4.762) NS NS NS- -

BC(3.896) NS NS - - -

NS NS *(4.229)2 Cl(5.047) - -

BC(3.815) NS NS - - -

3 Cl(4.360) NS NS NS- -

BC(3.716) NS NS - - -

4 Cl(3.002) NS NS NS- -

BC(2.180) NS NS - - -

NS = No significant difference.

= Significant difference.*

C-75



TABLE C-12

RESULTS OF KOLM0 GOR 0V-SMIRNOV GOODNESS OF FIT TESTS
J (S0KAL AND R0HLF, 1982) USED TO DETECT SIGNIFICANT DIFFERENCES (P<0.05)

IN RELATIVE ABUNDANCE PATTERNS OF BENTHIC MACR 0INVERTEBRATET
i BETWEEN CONTROL STATIONS (C1 AND BC) AND THEIR

CORRESPONDING TREATMENT STATIONS
ST. LUCIE PLANT

1982
,

i

Treatment stations

Quarter Control Stations B1 B2 B3 B4 B 5___

1 C1 * * *- -

i BC NS NS - - -

2 C1 * NS *- -

j BC * * - - -

3 C1 * * *- -

'
BC * * - - -

i 4 C1 * NS *- -

| BC NS NS - - -

<

i
i

NS = No significant difference.

= Significant difference.*

i

;

i
|

C-76
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TABLE C-13
;

RESULTS OF KOLMOGOROV-SMIRNOV GOODNESS OF FIT TESTS

-(S0KAL AND R0HLF,1982))USED TO DETECT SIGNIFICANTDIFFERENCES (P(0.05 IN RELATIVE ABUNDANCE
PATTERNS OF BERTHIC MACR 0 INVERTEBRATES AT

EACH STATION OVER TIME
ST. LUCIE PLANT

1982

Stations
Quarterly comparisons BC B1 B2 B3 B4 B5 C1

Quarter 1 vs.- Quarter 2 NS -NS * * * * *

Quarter 2 vs. Quarter 3 NS. * * * * * *

Quarter 3 vs. Quarter 4 NS NS NS * * * *

NS = indicates no significant difference.

* = indicates significant difference.

C-77:
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APPENDIX TABLE C-1 |

EXPLANATION OF NUMERICAL METHODS USED IN THE
,

ANALYSIS OF BENTHIC COMMUNITY DATA
ST. LUCIE PLANT

1982

Both parametric and non-parametric statistics, as well as various

biological indices, were used during the analysis of 1982 ETS and NPDES

community data. Where appropriate, parametric tests were selected over
,

non-parametrics because of their increased sensitivity to detection of

differences between variables being compared. However, semi-quantitative

data, such as that obtained during trawling studies, often do not meet

assumptions implicit in such tests, and thus, alternative non-parametric

; statistics must sometimes be employed.

$ KOLM0GOROV-SMIRNOV TEST (Sokal and Rohlf,1981)

This non-parametric technique tests for differences between two

cumulative frequency distributions using pair-wise comparisons. Elements

of the two distributions to be compared are ranked from most to least

abundant, and the cumulative frequencies of elements within each distri-

bution are calculated.,

For each pair of cumulative frequencies the quantity
i

F is calculateddi F= -

1 2

where F and F represent the cumulative frequencies of element i in
1 2

samples 1 and 2, respectively. The maximum di value is divided by the

number of elements (n) to give the quantity 0:

4



APPENDIX TABLE C-1
(continued)

di(max)
D "=

The calculated D value is then compared with a critical tabulated value

to determine significance (a with n degrees of freedom).0.05

THE SPEARMAN RANK CORRELATIONS (Siegel,1956)

In this test "N" individuals are ranked for each of two variables.

If the ranking of the independent variables is denoted as X , X , X 'y 2 3

...,X and the ranking of the dependent variables is represented by Y '
1n

Y , Y , ..., Y , a measure of rank correlation may be used to determine
2 3 n

the relationship between the X's and the Y's.

Yd X;
= -

$ $

indicates the disparity between the two sets of rankings.

Il
d.26 E

l
1 - i=1r =

s
3

| N N-

is used if no tied rankings are present. When a considerable number of

ties are present, the following formula is used:
I

22 7,2 Edrs = Ex , -

2 /Ex y
3

U -N
I 2 ITwhere: Ex = -

12

3
N -Ng

- ITIy =

12 Y

t - t
and T =

12
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APPENDIX TABLE C-1 !

(continued)

where t = the number of observations tied at a given rank. Critical

values of significance (P=0.05) have been determined for various N's.

THE MANN-WHITNEY U-TEST (Elliott,1971)

This is a nonparametric alternative to the t-test for comparing dif-

ferences between two sample means. The null hypothesis is that there is

no difference between sample means from two independent random samples

|
drawn from populations having the same parent distribution.

The test statistics are calculated as follows:

2 ("2 + 1)n

n n2 + -RU =
i 2g

2

y (ni + 1)n
U "1"2 + -R*

2 1
2

where n = number of elements in sample 1 and n2 = number of elements in1

sample 2. Data are pooled and ranked by order of magnitude, so that the

lowest ranking element receives a value of 1. If any ranks are equal,

they are given the average of the tied ranks. R and R are the sum of
1 2

ranks ir, samples 1 and 2, respectively. The smaller of the two U values.

is compared to the appropriate value of U in a table of U-statistic

values at the desired level of significance.;

. . ._ _ _ _ , ._ _ _ ___- _ _
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APPENDIX TABLE C-1

i (continued)

THE WILC0XON PAIRED SAMPLE TEST (Zar,1974)

This is a nonparametric test-that is applicable to instances where

the paired t-test is applicable. The null hypothesis is that there is no '

difference between matched data.
:

,

The test statistic is calculated as follows:
.

T' m(n + 1) - T=

.

Each set of data are ranked and the difference between the matched ranks,

i regardless of the sign, are determined. T is the sum-of the ranks with

j the less frequent sign, and m is the number of ranks with the less fre-

; quent sign. If T or T' is less than or equal to the selected critical

value, the null hypothesis is rejected.

i
i

INDICES OF FAUNAL DOMINANCE;

'

McCloskey's (1970) Index ranks each species taken in a series of

samples to determine the most dominant species. Use of this index disre-

! gards sample size. The species in aach' sample are ranked for dominance

by their biological index value (BIV), which is obtained by giving 10,

points to the-species which numerically dominates that sample, 9 for each

second dominant species, and so on. The " scores" of each species in the -

! series of samples are then added to determine the total biological index
-

,

value. The species having the highest total BIV is then-the species of

| primary dominance. -
!

<

:~ Another technique for determining dominance relies on the absolute

abundances of: species rather than ranking values. Relative abundance.

,

'

, , . , - . - . - 7 --r -- -----r-'----+-v- -Yt -7+- -- -- - - - - - ''v---- --- em-- +. ~ ---r~ . *- ---r*--* *tv ~



APPENDIX TABLE C-1
(continued) I

1

distribution curves generated fron benthic macroinvertebrate data

generally conform to a logarithmic series model as shown in Figure A. .

The region of the curve where the function is changing axes along which

it asympototes reflects the boundary between species that are

increasingly abundant and those that are increasingly rare. The

increasingly abundant species may be taken as those that numerically
,

dominate the community. This, of course, says nothing about their func-

tion in the community and indeed a very rare species may be dominant in. ,

that it controls the abundance of many other species. However, the type

of ecological data required to accurately describe the interrelationships

of constituent species within a comunity is generally not available.

Thus, numerical dominance nust be taken as a first good approximation.

<

For the " typical" data set stylized above, the breakpoint between |

rare and abundant species (indicated by the line y=x) divides the

logrithmic series curve into two halves. Those species accounting for

the shaded portion of total abundance may be thought of mathematically as

dominating the curve. During NPDES monitoring, an "a priori" criterion
,

of dominance was established: those species accounting for 50 percent of

the total faunal abundance at each station were designated as dominants.

!

! DOMINANCE-DIVERSITY CURVES (Whittaker,1965)

In order to exanine the relative abundances of the taxa at each sta-

tion, all taxa were ranked by abundance and the ranks were then plotted
I

against the log of the number of individuals represented by each rank. A

steeply sloping curve indicates a high degree of dominance by a few spe-



I

/ y=x7

$
sn
U.
2:
O
3
u.

O

E
co
|E

S ecies (ranked from most to least obundant)Dominant P

Figure A. Logarithmic series model.

, . _ - _ - . _ _



APPENDIX TABLE C-1
(continued)

cies, while a gently sloping curve indicates a more equitable distribu-

tion of abundances among taxa.

'

RAREFACTION DIVERSITY (Sanders,1968)

The rarefaction method of graphically calculating species diversity

was formulated to directly compare samples of different sizes. The usual

difficulty inherent in such a comparison is that, as the sample size

increases, individuals are added at a constant arithmetic rate but spe-

cies accumulate at a decreasing logarithmic rate. The rarefaction method

is dependent on the shape of the species abundance curve rather than on

the absolute number of specimens per sample. The procedure is to keep

the percentage composition of the component species constant with that of.

a hypothetical sample of 1000 individuals while reducing the sample size,

i.e., to artificially create the results that would have been obtained

had smaller samples with identical faunal composition been taken. With

this technique, the expected number of species in any size sample can be

deterni ned.

MORISITA'S (1959) INDEX OF COMitVNITY SIMILARITY: CA

This index is used with semi-quantitative data such as trawl

samples. It compares two samples by taking into account the abundances
r

of ' common species, total abundances in each sample, and their respective

diversities.

. _- _ _ - , . _ . _ _ _- ._ . . ,
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Morisita's index is based on Simpson's index of diversity (A):

Inj(ni-1)
A=

N(N-1)

where: N = total number of individuals, and

ni = importance value (abundance, biomass, etc.) of the
itn species.

Using subscripts 1 and 2, the A values of two samples may be

differentiated:

l 1 2 2
Ini (n1 -1) In1 (n1 ,1)

x 3
21 ==

and
N (N -1)N (N -1) 2 21 1

Morisita's index of similarity between comunities may then be calculated

by the following formula:

2En 1"12

CA = (A +A2)N N1 I2-

This index is almost uninfluenced by the sizes of Ni and N . The value2

of CA will approach unity when samples demonstrate similarity in species

abundance and diversity. Conversely, as CA approaches zero, the samples

will have fewer species in common, which suggests that the samples have

been drawn from dissimilar habitats.

i DIVERSITY AND EVENNESS

Diversity indices'are very useful for measuring the quality of the

environment and the effect of induced stress on the structure of a biolo-

gical comunity. ' Their use is based on the generally observed phenomenon

that unoisturbed environments support communities having large numbers of

. . , - - . - . .. ., .,- -



APPENDIX TABLE C-1
(continued)

species with no individual species represented in overwhelming abundance

(EPA,1973). Many forms of stress tend to reduce diversity by making the

environment unsuitable for some species or by giving other species a com-

petitive advantage.

The most widely used measure of species diversity is the information

diversity index. This index considers two aspects of comunity species-

numbers relationships: species richness (the number of species in rela-

tion to the number of individuals) and species evenness (the distribution

i of individuals among species). A decrease in either component of infor-

mation means a decline in diversity.

The Shannon-Weaver information function (H') calculates mean . diver-

sity (i.e., the degree of uncertainty attached to the specific identity

of any randomly selected individual; Pielou,1966):

s

H' = - Ip log p
g j

i=1

where: s = total number of species in the sample, and

p = proportion of the total sample represented by the ithj
species.

However, as Lloyd et al. (1968) argued, if p 's are to be estimated
g

(i.e., the actual community composition is unknown) as p ~ n /N, then
g g

the formula for H' can be computed directly in terms of the observed n's,

and the necessity for calculating proportions and their attendant

rounding errors can be avoided. In an attempt to standardize the calcu-

lation of diversity, the EPA (1973) recommended the machine formula pre-

sented by Lloyd et al. (1968) using base 2 log:

. . . _ . - - . _ , .. ,, , _ -
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APPENDIX TABLE C-1
(continued)

(Nlog10N-In leg 10"i)H' = j
,

where: C = 3.321928 (converts base 10 log to base 2),

N = total number of individuals, and

n = total number of individuals of the ith species.
g

In order to test for significant differences between two diversity values

(H'), diversity variance must first be determined (Poole,1974). The

variance of the diversity function (before converting to base two) is:
,

_ _

i=s "i I "i i 2 _i=s I"i "i h2
I"910 f=1\N

IO9 ~

Var (H')={,1 -
Nj - 10 NN

- j+
N

S-1 + (Series of additional forms)
2

2N

For most ecological samples, the first two terms
of this equation are adequate to determine the variance.

Then, given the diversity and variance values for two samples (symbolized'

below by subscripts 1 and 2) a t-value may be calculated as follows:

N'1 N'2;
t =

Vvar(h')1+ var (h')2

This t is compared 31th a tabulated critical t with.the following

degrees of freedom

df' = (var (H'7) + var (H'7) )
I var (H'1)2 + var (H'2)2

N N
1 2

J

g , , ,- - - . , . , - , . - - _ _



APPENDIX TABLE C-1
(continued)

To evaluate the component of diversity due to the distribution of

individuals among the species (evenness), the calculated H' is compared

with the maximum diversity possible for the same number of species

(Pielou,1966):

J' = H'/H max

I9 S (f r H' computed with base 2 log).where: H' ax
"

2m

Evenness values may range from zero to one.

ANALYSIS OF VARIANCE (ANOVA) (Sokal and Rohlf,1981)

Environmental biologists must always be concerned with meeting the

assumptions of various statistical tests before relying upon those tests

for drawing inferences. For parametric tests such as one- and two-way

ANOVA, important assumptions include: 1) variances of all cells are'

equal and 2) the overall distributions approach normality.

Because most environmental data generally violate one or both

assumptions, many environmental biologists have increasingly turned to

the use of non-parametric statistics (Green,1979). While this elimi-

nates distribution and variance problems, the power of the test to

discern differences is diminished. Green (1979) suggests using para-

metric statistics (with the proper data transformation) if the ratio of

the maximum cell's variance to the minimum cell's variance is less than

20. During 1982 NPDES monitoring, this ratio was below 20 for both den-
' sity and species richness when stations within the two major groups to be
,

'

analyzed were compared (i.e., Station BC versus Stations B1 and B2; and

Station C1 versus Stations B3, B4 and B5).

, -.



APPENDIX TABLE C-1
(continued)

One-way ANOVA can be employed to test whether or not two or more

sample means come from the same parametric population mean. This tech-

nique tests the variance between groups of samples and within groups of

samples (error term) against an expected value derived from the F-

distribution. The model used is:

Y + a + E
$3 = u j jj

Where: 1 - ranges from 1 to a groups (samples)

j - ranges from 1 to n replicates

u - is the grand mean of all samples

a - is the variance of group i from the grand meanj

E. . - is a measure of the random deviation of individual
1J replicate j from its expected value (u + a )j

The two-way ANOVA allows testing of two main factors (time, with

baseline and operational years as classes; and space, with control and

experimental stations as classes) and the interaction term (time X

space). Green (1979) states that in an " optimally" designed environmen-

tal study with both baseline and operational years and a spatial control

station, the existence of a significant ecological impact is shown by a

significant time X space interaction term. In non-mathematical ter-

minology, a significant interaction term means that the effect of one

main variable is dependent on the level of the other main variable.

The equation describing a two-way ANOVA is:

, __ _



APPENDIX TABLE C-1
(continued)

ijk g 3 (aB)$3
Y U + a + B + + E=

ijk

Where: U parametric mean=

fixed treatment effect of level i of the first maina =

I treatment (e.g. , time),

fixed treatment effect of level j of the second mainB =

d treatment (e.g., space),

(aB)gJ interaction effect in the sub-partition repre-=
.

senting level i of the first treatment and level j
of the second treatment, and

E error term of item k in the subgroup ij.=
ijk

Procedures for conducting this analysis may be found in Sokal and Rohlf

(1982) or any other general biometry text.

A plot of density means versus their variances showed a strong posi-

tive association between the two (i.e., as the mean increased, the

variance increased). This positive relationship indicated that the

proper data transformation was log 10 (X + 1). This transformation was

used in all ANOVA tests.

THE NEWMAN-KEULS MULTIPLE RANGE TEST (Zar,1974)

After a significant difference has been found in ANOVA, a multiple

range test may be used to ascertain which sample means are different. In

this test, the sample means are- ranked from largest to smallest. The

difference between the largest and the smallest mean is then calculated.

This difference is divided by the following term:

(error mean square / number of replicates)



. _ .

APPENDIX TABLE C-1
(continued)

This produces a quantity called q. The quantity q is then tested against

a tabulated q (0.05 level of significance and numerator degrees of

freedom = p, and denominator degrees of freedom = error degrees of

freedom minus one). The value of p is the range of all sample means,

!

j encompassed by testing these two sample means. For example, if there

! were five groups, and the largest mean was tested against the smallest,

the test would cover five means. If the calculated q is greater than the

tabulated q, then there is a significant difference between the means.

Af ter this first pair, the largest mean is tested against the second

smallest, and so on.

PEARSON PRODUCT-M0 MENT CORRELATION COEFFICIENT (Zar,1974)

This parametric test measures the association between two sets of
;

independent variables. It does not imply influence of one on the other

but determines the degree to which one varies with the other. The corre-

! lation coefficient (r) ranges from 0, no association, to +1 or -1 for

variables displaying a very high degree of association. A positive

correlation implies that one variable increases in value as the other

increases, while a negative correlation indicates that one variable

increases as the other decreases.

Correlation coefficients are calculated as follows:

_Exy
p ,

2 2Ex gy

where x and y are paired independent variables. The value of r can sub-
.

'

sequently be tested fo'r significance by comparing it with a tabulated r

having n degrees of freedom.

._ _ _ . _ _ _ - _
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APPENDII TA8LE C-2

4'JwSERS OF BENTHIC MACROIMWERTEBRATES COLLECTED 81 SHIPEK GRAS
ST. LUCIE PLANT .

1982

Quarter and station
'

Quarter 1 Quarter 2 Quarter 3 Quarter 4
Species BC 81 82 81 84 85 Cl BC 81 82 83 84 85 C1 BC 81 82 ' 83 84 85 C1 BC 81 82 63 84 85 C1
Cm!DAAIA

Renilla sp. 1 1 1
unidentified Anthozoa 5 1 8 2 4 1 1 -3 1 1 1 1 1 1 1 5

PLATVMELMI4THES 71 5 42 31 . 28 4 7 1 20 15 15 5 13 9 18 16
NEMF(flNA 7 7 6 110 46 62 109 10 7 2 80 35 26 84 15 11 12 91 - 14 50 36 8 4 10 76 9 33 52

;

< ' AMMLLIDA
Polychaeta,

Polynoidae
Harmothoe entenuata IMalegrenTe lunulata

. Polynoidae sp. A
- I
I

Unidentified Polynotdae 1
Polyodontidae

Polyodontes lupinus
ISigallonidTe~

Psamolyce arenosa ' 3
5tealten arenicola 4 5 6 25~ 1

'- 5tnenelais Itatcofa . 2 1- 2 1 1linenelaTs sp. I
sThalenessa lewistl 1 1*

Pistonidae
Pistone remota ~ 3 1 12 5 1 4 1 .3 *

' Chrysopetalidae
Paleonotus heteroseta 2 4 2 15

' Aschinosidae
- ' 10 .Pseudeurythoe sp. 64 4- 84 175 3 318 27 127 20 81 5 2',

Phyllodocidae ,

Eteone heteropoda ' I 2- . I \.GTaTTa stieneat. 1 1 2 4 7 1 2 ': %i G=4de sanguinea
. 1 1 1 4 3 13 1 - 3

*
s

- Mestonura laudiert 7 6
) Nereiphylla fragilis 3 5 3 3 6 4 ', 3Paranattes polynotdes I s

' ' , ,Paranaites speciosa 1
.

1

'

Phyllodoce arense 1 1 1 2 1
,,

Protomystides sp. A 2 1
' 2 1 '

*

. Pteracterus sacrocerus I 'N 1 4 '3|' Unidentified Phyllodocidae 2
-

Hestonidae .

'Gyptis brevipalpa
v 1' 2 1 1 1' Hestontdae sp. A -6 16 4 28 10 2 3 12 3 6 2

y ,
.Meteropodarte sp. 4

. 21 1 6 4 4 2 .2 8 ,7 1 2 2 5 U

3

M I 1 > N
r3

Y Micropathalmus hartmanae
L : Toierne obscura 14 , 10 136 10 12 - 13 '!O 1 19 8 4' 11- 1 25 . 20 29 N'

PlTarvidae; Ancistrosyllis carolinensis ~ 2
. I- .I 1 1 5

... 2 $ 16 1 4 6

.
2 2 I * *

_.AnClitros llis hartmanae 6 .1 1 1 1 1 4 37 1
<

.

Ancistrosn ns jonest q''

2 1 2 '1 -

5tgambra Da W . . I 1, t 1 ,' 1 /* * ,
5tgambra tentaculata 1 6 'bnelmis albint .2 1 I ,1 3 2

.

*
t

n

' ' '
..

<

j ..
a4,
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, APPEN3!1 TABLE C-2
l (continued)
! huMBER$ OF BENTHIC MACROINVERTEBRATES COLLECTED BY SHIPEK GRA8

ST. LUCIE PLANT
1982

Quarter and station
Quarter 1 Quarter 2 Ouarter 3 Quart er 4

' Species ' BC 81 82 83 84 85 Cl BC B1 82 83 84 e5 C1 BC 81 82 83 84 85 C1 sc 81 82 83 84 85 C1

Syllidae
Autolytus sp. 2 2
Branta gallagheri 2
Brania swedmarat 7 4 8 7 1 4 8 28rania sp. A 2:
Dentatisyllis carolinae .9 1 12 14 11 18 27 2 16 4 8 1 6 la
Utoplosyllis octodentata 1 2 1 1 3
Enocene arenosa 24 1 8 7 52 4 9 3? 2 7 19 12 3' 8 34
Exogone atlantica

1 1Laje erhansia cornuta . 1 2
Udontosyllis sp. . 2 5 13 1 3 1 1

. Paraptonosyllis longictreata. 35 5 34 22 14 1 -10 13 38 17 23 13 6 18 45Ptonosyllts gesae 5 1 1Pionosyllis vraga 1 3 2 2 2- - Plakosyllis 43drioculata 15 to 21 2 2 19 1 1 2 1 6f Tphaerosyllis aciculata 1 1 1 1
*

5phaerosyllis labyrinthophila' ? 7 1 1 45phaerosyllis driferopsis 15 1 2 22 3 10 18 3 415phaeros7, Ti rtseri .
5 1' 2haerosyl' is tavlort 3 2 2 3 1 1 3 1 65phaerosyl' is sp. I 103 4 44 67 2 28 15treptosyt: ts pettiboneae 1 3 2
1TT toes banset 3 1 4 2 2 .3 1 2 1 3

--

TyT' Ties floridanus 10 : '2 2 12 5 2 5 1 3 2 1
- '
"f 5 l'is_amica . 2 1 8 4 13 17 3 9 7 8

>

'
-. y is gracilis '1 6 1 2 1 1

'
. Typosyllis hyalina

1 3TrypanosyI'its coeliaca 3 2 3 2Trypanosylbs inglet
1 ' 4

.. 1' Trypanosyl' 's parvidentata-
. 1Trypanosy l ' ' s savaget. I 1' 1 2Trypanosyl: s sp. 1 :1

'

Untdentifled Syllidae 1 1
~ Nereldae ..

.Ceratonerets irritabills 2 1 2Ceratonerets longictrrata_ 3 1 1 8- 4 16 ~ 2 14 22 56 1 7 3Nereis falsa
1 1Nerets rtiset 1 1 6Nephtyidae . -

1

Nephyts simont 1- 7 3 2 2 2 2 2 1.Nesthtn squamosa 2 1 1unidentified Nephtyldae 3. Glyceridae
Glycera americana. 1 5. 4 1' 1 1 3 1. nG1 cera capitata . I
hircera otpranchiata 1 .1 2 2Elycera sp. 1 1Menipodus roseus 58 41. 92 - 22 21 7 35 17 22 48 43 7 7 11 12 18

.
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APPE:CII TABLE C-2
(continued)

4JPTC25 0F BEMTH:C MAUT 0! wERTEBatfE5 COLLECTED BY SHIPEK GR_lLB
ST. LUCIE PLMT

1982

Quartne and station
Qua-ter ! Quarter 2 Quarter 3 Quarte * *

Species BC 81 82 83 B4 85 C1 BC 81 82 B3 et 85 C1 BC B1 E2 83 84 B5 C1 BC 81 92 51 84 ST CI
Gontadidae
Goetada 11ttorea 2 4 5 1 1 3 1 16 2 6 2 2C5 U siides ca W tnae 2S 2 7 23 43 2 64 29 2 19 8 34 27EuntcidT
Eunice vittata 1 2 7 1 1 6Wenatonereis hebes 1 1 2 1 1iinTeentsfled fung 1cae

1Onophidae

DioJ! tit (ufsti 1 1_

Onuphis eremita oculate 4 1EupnTi sp. A : 1 13 to 6 7 1 1 2EuphTs~so.
I 1Unidenit f ted Onuphidae 1 1 2 8 6 1 2 1 1 10 1Lumbrtnecidae

Lumbetnerides fonest 1 2 5 3 2(umbetneris cf7. _ atreill e 8 3 7 2 5 9 2 1 2 18
*

(vebrinerfsverrillt 1Lumorineris sp. A 1 1 1AraMdae
Arabella mutans
IFiGTTi sp. 1 1

t6r~il W is,sp.
1Ocreilleidae

Dorvilles sectabllis 1 4Frotodervifles sp. . 23 to 8 23 4 3 12 12 3 4 11 1[histomeringosgectinata 1 1 3 1 2 I~Sc H itomeringos rud'oTp F 8 4 19 12 26 3 1 4 4 2

-

0rtiniidae
Haploscoloplos foliosus

1

Haploscol_oJoisp.gi_1_G
Hapioscoloplos fra 5 3 1 1T- 2 1 2 1 1 1 2 25FoToJ is cf~acwceps

1
T

IcoTonTisrudea 1 5 1 1lcoloplas W 4
Parsontdae 1

Ar'cidea lopert
Ar- cidii sp. A 1

1IFiTiis sp. s 2 1 1 1
1Cirro4orus sp. A 1h

FiFa~ont E sp. A 1 1
1 3 2Paraontdes sp. 8 13 1

Arenico1Rae 7 2 4
U11dentitled Aregico11dae 15 1 14 1 5 1 1 1 4Spiontdae
Aonides sp. A 2 1 1 3 4Laonice cirrata 2Faraprionospio pinnata

1 1 4
1

Folydora anoculata
1Polydora socialis 4 1 6 11 6 1

1 1

- - - _ _ _ _ _
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7 APPECII TABLE C-2
(continued) i

OMSE45 0F BE4Td!C MACR 0!WERTE8 RATES COLLECTE3 SY $HIPEK CRA8
ST. LUCIE PLANT

1982 -

Quarter aM station I

Quarter 1 Ovarter 2 Quarter 3 Quarter 4 i
.,

' 5pecies BC 81 82 83 84 85 C1 8C_81 82 ~ 83 84 85 C1 BC 81 82 83 84 85 C1 BC 51 82 83 84 85 C1

Spfonidae (cont'd)
Polydora webster 1 1 1
Prionososo cristata 10 68 8 19 2 2- 5 1 133 3 299 111 4 74 123 136.236 1 21 7 43
Prionospio dart 1
PrionospiroTmTauspio) sg. a . 2 1 2 1 2 1 22 2 3 1 6 2

i
Pseudopolydora gu] IChra I 1 3 3 i
Shynsxplo glutaev I

1Scalelepis tenana 5 1 13 11 9 25 2 "

5 petttboneae 1
nes boaby 4 1 4 5, 4 6 35 3 19 to 10 9 5 1 4 10 5 i

U fled Sptontdae 5 +

Magelonidae
MaSelona cf. obockensis 1
iia *Tona sp. A 1 Id

eTona sp. C 1 1

'Poect haetidae .
1 I 1_a_ sp.

Poecilochaetus lo>isont 1 I 2 1 1 3 3 I 1
Acroctrridae
Macrochaeta sp. 10 2 . 21 1 2 ,7 2 3 1 8 5 5 15

Cliaet3iite'rTde
-

Chaetoptens, varteepectatus. 1
Titochaetopterus costarum oculatus 3 1 6 3

CirratuTidae ..

Caulterfe11a alata 1 1 1 2 1
Caulleriella c7. killarfensis 1 1

<

4 firrITirmia f tilgera - 2 2 5
EIrrTfornia grand W 1 >

'

gThar a miriont 1 2 1 . 10 $' 2 1 9 2 2 1 2' Ophettidae
'

' Armandia agilis 16 2 16 - 33 53 26 12 1 15 4 3 3
ArmandTi macuiat a 1 1 1 30 4 46 43 2 1 7 9 5

- F,Tti1T daeTi denticulata 1 6 5 4 1 1 2 1
Ca

iMastobranChus 7 sp. A 6 35 44 21 2: 1 16 8 1 16 6
EIfomastus californiensis 18 3 2 1 70 5 78 1 2 7 97 36 49 3 8 2 23 65 -lietomastFlatericeus 5 . 12 3 1 79 6 1 3UnidenttfTed Capitellidae 7 11

Maldanidae2

Asiothella mucosa 1 1 43 1 62 10 1 12 26 2 2 5 11Euclymene sp. A 1 1 1 I4

Macrolymene ronalis 56 6 42 1 22 28 20 1 2- 4 1 tPetaloproctus soetails 3 3 16 8 5 2 1 1

' Unidentifted Maldesidae 1 4 10=entidae
Ouenta fustformis '1 2 1 5 5 3 1 4

Sogueldae
Segues entomatica 18 , 2 2 6 2

.

$

r , - ~ . - ., ,, +- - , - - - - , w - , . . - ._



APPECII TABLE C-2
(continued)

TJMEERS OF BE9fMIC MACRO!4YERTEERATES COLLECTED Bf SHIPEK GRAB
ST. LUCIE PLANT

1982

Overter and station

harter1 Quarter 2 Ouarter 3 Quarter 4
5pecies '!C 61 82 83 84 85 Ci sc B1 82 F3 94 85 C1 BC 91 82 83 B4 85 C1 BC 81 82 83 54 85 C1

SaSellariidae .

Sate 11 err vulgaris 1 1 1 13 2 5 1 1 8 2 1 2
Aapharetidae
Amparete awetcana 23 4 9 20 2 1 6 1

Tsolda alchella 1 6 2 2 3 5 2 1 1
TertNfi teae
tote e medusa 1 2 2 2
Tiite cristata 1
Fofyctrrus esimius 1 6 2 3 1 2 7 2 8
Tolycirrus sp. A 9 2
Polycirrus sp. 3
Unicentified Terebellidae 1 4 1

Sabellidae
AmA%ittena mediterranea 2
thene sp. 4 2 2 2 6 5 2
motaulaa audico11ts 1

MaToWa5toculatum 2
melaTome sp. A 1 1>

FotaViTTi sp. A 2
Satella etcrophthalmus I

unidentified SabelTidae 1
Serpulidae

. 1 139 5 475 408 635 14 623 450Filograa ia sp. A 5 215 1 559 35 8 160 322 337v
g droides bispinosa 1 1 2 4 1
g driides dianthus 1 1

MdfoTE fToridana 1 1 1 2 6 3
Hydroides microtus 1 2 2 9
Mydroides sp. 1
Pseudsverellia sp. A 1 1 13 2 1 3 12 4 3 2
Sertula sp. 1 1 1 1 1
veralTio25h sp. A 3 4 3 83 33 2 41 25 19 70 49 3 50 2 71 9

Spiror5Tdae
Unidentiffed Spirorbidae 1 1 6 22Polygordiidae
Polylordius sp. 15 6 1 5 3 3 1 31 7 2 1 7 8_

Saccocirridae
Saccocirrus sp. 5 3 1 1 3 10 1 1

ProioiirTITdie 2Protodrtius sp. 13 3 6 27 1 2 2 1 4OTigochaeti'
Adelodritus acochlearts 4 2 3 1
Grania macrochaeta 6 1 13 21 1 IS 3 1 4 2
HeterodTffus arenicolus 20 13 / 5 1 42 11 1 6 40 10 17 45 20iieteTidrfTus sp. A 2 1 2 2 6

-

Peosidrtius biprostatus 1 3 11 1 3
Malloortius leukodermatus 3 1 8 3 2 1Phallodrtius sadulosus 10 1 31 1 4 10 1 114 17 18 54TEbTfiToToes wassellt 82 2 2 46 3 24 37 2 5 20 20 11Tebtitcoides sp. A

1

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APP [lott TABLE C.2
(continued)

tJMBC#5 0F BDITHIC MACR 0txvERTEsaATES COLLECTED Sf SHIPEC GRA8
ST. LUCIE PLAMT

1982

Quarter and station
Quarter 1 Quarter 2 Quarter 3 - Quarter a .

,

5pectes BC 81 R2 83 84 95 C1 BC 51 82 83 84 85 C1 BC B1 82 33 84 85 C1 BC B1 82 83 34 35 C1'

|
140LLUSCA'.

Gastropoda
Aeolidtacea sp. A 2 I i

Aesopus stearnsti 2
Arene tricarinata 1 1 9 1 1 1 8 1i

Arutna 7 mattia 1
Astyris lunata 1
Boones seminude 1
frochina vestitum 1
Caecidae sp. . 1i

Caecum pulchelium 1 1 2 1 1

fae7c sp. A . 1

EGiraea centraits 2 2 12 2 10 12 1 1 6 6 1 2
Ungula i floridana 1
Crepidula fornicata 3 1 3 1

CreA dula plana 2 2i
FepiduTisp. I 1
Cructbulus sp. 1
Tiilichnefia btdentata 1 1 1 1
Cyclichnella canaliculate 1 20 2 1 1 1

J clichaelia c hdet 1 1 2 2C

' gle hantW coopers F F 1 3 1 6 1 1 2 1E

.iep E t W coopert 7 1
IIephantulum iloridanus I

:lephantulus tabricatus 1 1
Elephantu G pitcatum '4 1
J itontue [A:periscaTa) sp. A 1E

' Eulleidae sp. F .
3 IF 9 1 8 26 14 1 4 1 3 $ 1

1
Fartulum stricosue
Finella adamst 1 2 1 1 1 '-

Haminoea sp. I
turtstella atrostyla 2 1 1 3 i
Kurtriella limonttella 1
Macramphalina palet11 torts 2 1
Hassarius consensus 1 1 g, .

-9,atica pusilla 1 1
lkeantda inglet 1
[il 'va sayana 1 1 1 1 1 1 1 i

(TW ila adelae 1 2 1 2 4 g
*

- IT vella mutica ? 2 |
(T vella sp. 1

'

f arvanachts obesa 1 1 2
Pdverreuttaa sp. A 2 1 'g i

5ella adamsf g i

'Sut W alypta tontha 1 g (
'

- Turbon M (Strioturbintila) sp. E g
Uromitre mandoense 2
unidentified Gastropoda - 1 3 1 2,

s

4

- + , - - - - -- s- , , , - - - -- w a_ - _ _ _ _ _ _ _ . . . - _ _ _ _ . - _ - _ - - _ _ _ _ _ _ _ _ _ - . _ _
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APPEC II TABLE C-2
(contirr M )

TJM3!4 0F BE4THIC ".ACROIMvERTESRATES COLLECTED Bf SHIPEK GRA3
ST. LUCIE PLUT

1932

Ouarter and station
Ocarter 1 Quartee 2 Quarter 3 Overter 4

Species 80 El 22 83 B4 95 C1 BC 51 82 B3 B4 55 C1 BC 51 82 83 84 B5 C1 BC B1 52 83 84 F5 C1
Pol placophoraf
Chaetopleurs apiculata 7 1 2 1
sennoeniton hart ==yert 2 3 1 1 1 1 1
scnnocatton hartmeyert 7 5
scenochiton striolatus 6 1 6 2 1 4
senaceniton sp. A 1

Stenopias cooq11 ? 1

Scapnopoca
centalium calamus 2

Bivalvia
W eicardia quppyi 1 1 1
Anadora transversa 2
Anomia siepics 6 2 2 11
Arcoests adaust 1
Chama congregata 1
Cnasa sinuosa 1

Chtone cancellata 1
Chtone gs 2 1 3 2 6
Chione intapvrpurea 3 5 23 3 1 8 2 12 12 4 5 2chlamys sp. A 1 1
cortula contracts 1 1 1 2
'.ordula s.iftiaea 1 1 1 1 1 1 1
Crassicella dupliniana 4 4 29 2 1 1 43 9 3 10 3 19 1 22 1Crassinella lunulata 11 1 9 6 5 25 2 1 1 47 1 2 4 15I:renella divaricata 1 1
)inocardium robustus 1
)inocarcium roDusta robustum 1
)inocardium robustum vannyningi 1
)iplodonta 7 sp. A 1
:)esinta sp. A

1Ervilia nitens 1
llycymerts spectralis 1 1 6 1 6 2

:

llycymeris sp. 1
i

Lithennaca bisulcata 1 4 1Macoma crevifrons 3 3 7 7 2
Macoma sp. I 1
Mactra fragilis 2 1Mattridae sp. 2
M wtacuta sp. A 1
kontacuta sp. 8 29 2 2 1
Multate lateralis

Ihucula Droxima 1
Ostreidae sp. 1
Parvilucina multilineata 1 1 5 10 10 5 13 1 2 1Ptter fulminata 1
E remeris tridentata 1 1 1



APPENott TABLE C-2
(continued)

EJP3E*S OF SE1THIC PACR011VERIEBAATES COLLECTED BY SHIPEK GRAS
ST. LUCIE PLANT

1982

Quarter and stattoa

Quartent_ Quarter 2 Ouarter 3 Cuade r 4
Species BC 81 82 83 84 85 C1 SC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1

Bivalvia { cont'd)
Pitcatula gibbosa 1 1
F5iodes% s rudis 1 2 2
Pteromeris perplaca 1
Semele bellastriata 1 1 1 1Sphent aWiTiensis 1 1
_spisula solidissima sisilts 1
TeTTtTi censoortna- 4 3 3 2 1 1 1 1"eT E irts 1 1 1 1 3 1 1' eTTine syberttica 4 1 4 1 2 2 1 1~

eTTtW [Eurytellinal sp. 1a

TeTTi E [5cissula) sp. 1
Te~TTfnisp. I 1 1 1 1
Tr_a_cA cardium muricatue 3
Veneridae sp. A 1

Unidentified 8tralvia 2 1 1
AATHROPODA
Ostracoda

C loberts bisintensis 2
yc ot W Ii sp. A 1 1

Ostrac W sp. A 1
Ostracoda sp. 8 1 1 1
Ostracoda sp. C 3 1Ostracoda sp. Q 1
Ostracoda sp. 5 1 2 1
Ostracoda sp. T 1
Ostracoda sp. U 1 1 1 1Ostracoda sp. 4 1

Philomades caucichelate 2 4 1 1
Cirripecta
Balan s trigonus

15 2 2u
Balanus venustus 4 10 34 13 1IifaWs" sp. 1 3 8 2 6 4 1MiifdTcia
Sowneniella brasiliensis

4Bow =4ateITa portortcerIIIs
1

'io M aiiTTi sp. 1~

Mylilop.sissp.A 1
MysidopsTi sp. 1
Promysts atlantica 2 1 1

Cumacea
Cyclaspis pustuta i 2 1 1 2 11claspis varians 1 4 1 9 2 20 3 2 12 3 2 2 2
C

OlasiylTTs sp. A 1
0:2urostylls smithi 1 2 4 1 2 3 2 1 1 1 1 1 1Unidentifled Cumacea 1

- - _ _ _ _ _ _ _ _ _ _ _



APPIN0!I TABLE C-2
(continued)

MSE25 0F BENTHIC MACR 0!1VERTE8 RATES COLLECTED BY SHIPit GRAS
ST. LUCIE PLAMT

1982

Quarter a M station
Quarter 1 Quarter 2 Ouarter 3 Ouar ter 4

S ec_tes BC 81 82 83 84 85 C1 BC 61 82 83 84 85 C1 BC 81 82 83 84 85 C1 BC 51 82 83 84 85 C1l e

Tanaidacea
seudes sp. A 1 7 3 1 1

p!d2dINpfiT 10 1 1

!sopoda
thiridotes arenicola 1 1

@foenthuraTroenicff ttorain
4 5 1 1 2 1 1 1 1 5i

storo i 1

Jantridae sp. A 118 1 6 4 2 50 1 2 1 5
Panathura formosa~ 3 ? 2 1 1
Iedenthure W yTtelson 15 1 1

Amph6poda
Acanthohaustortus sp. A 2
Acanthohaustor- us sp. 8 3
IcVthomaustor'us sp. 2 1
Idridae sp. 1

Batea catharinensis 1 1 6
Tiiophildae sp. 1

Elasmopus sp. 1 1 2
T sepus 7 sp. A 1 1J
frichthonius sp. I

flale sp. 1

Jassa falcata 1

Fe s s smithi 5 1

Lembos sp. 5
Leifeborgiasp.A 2 8 5 1 10 3 2 1
@leb.org[ asp. I 1

Qst n eIIa barnardt 1 1 1 1

LuconacTa tacerta 1
Maera sp. A 12 1 51 17 187 44 19 4 16 6
Macra sp. 2 1

Mejaluropus sp. A 3 1 2 3 2
Mega]uropn sp. 1 1 1 1
Melitidae sp. A 2 3 3 1 2
Melitidae sp. 2 1 24 8 7 1 1 1

Metherl nta floridana 1 2 1 1 6i
Microprotopus sp. 1
Monoculodes nyet 2 1
he 6 7 1 1Fa_omeje gm h Ao us sp. Aracapreita pustila 1
Thotidae sp.
Photis sp. 8 2
Photts sp. 1 2 5
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APPEND [1 TA8tE C-2
(continued)

973ERS CF BENTHIC PACRG11 VERTEBRATES COLLECTED BY SH!PEK GRA3
ST. LUCIE PLANT

1932

Quarter and station
Quarter 1 Quarter 2 Quarter 3 Ovarter 4

Species BC 81 B? 83 84 85 C1 BC 81 82 83 84 85 C1 BC 81 82 83 84 85 C1 BC 61 82 83 84 85 C1
Amphipoda (cont *d)
Photocephalidae sp. I 1 2 2 1
Platylschnapidae sp. A 1 2 1 10 3 4 5
Podocerus brastitensis 1
Protohedria scnoce.erae 12 5 6 1 6 3 1 16 6 1 9 2 16
FITderia%s Gnosa 1 2 13 2 9

-

TycKeTidium americanui 10 1 1 1 1 1 1
Itron trioce'Itatus 1 1 1

TTF 4 tWrakts 1 2 5 3 1
TTF64 sp. 2 3 1
Ech[ophonussp.8 3
Unidentified Aaphipoda 3 4

Decapoda
Crab megalopa 2 2
Decapod systs 1 1

Penaldea
Lucifer fasent 1

51clonial] {vT en 1 |
i

Ecyo.atatyc a_ 1
lSt_croi a sp.

1 I
t

TrachEanaeus constrictus 1 '

TFainypenseus sp. I 2 1 3 1 1 |Car fdea
1

AI heyi 59 '
1 1E

|Cartdean postlarvae 1
Latreutes garvutus 1 1teptocieTa serratorbita 1 1 1 1 1 1 1[nridesalpharrostris 1 1 1 1 1 1 2
Processa bermudensis-

1 6 2 3 3 6 1

1
Processa hemphtTTt
Pfocessa sp. I 1 1 1
Fracessidae sp. 1
$ynaj_pheut frittmuellert 1

Unidentified Cartdea 1
Thalasstntdea
Antidae sp. 1

Callianassa s I 1 1Upgle.bh sp_. p. 1
Anoaura

' Albuncea paretti 1 1 1
| KIbunca y sp. g

fuceramus graelongus 1

Mnl sp. I 1
aFa _u.d8tstes hu-ni 1 1 1

F.tiuroid meiaTdEa
P

-

2i

| aluroidea sp. 2 1 1 1 1 57 1
| Pagurus annu11 pes-bonairensis 5 5 3
.

|

|

__

|



APPEtts TABLE C-2 |
(continued) '

NiMBERS OF BENTHIC MACPO!1vERTE8aATES COLLECTED Bf SHIPEC GRA8
$T. LUCIE PLANT

1982

Ouarter and station
Quarter ! Quarter 2 Quarter 3 Quarte r 4

S des BC 81 82 53 84 85 Cl BC 81 82 83 84 85 C1 BC 81 82 83 84 85 Cl BC 81 92 83 84 85 Clf

Anoe4ra (cont'd)
P_ajur_u1 sp. 1

Brachrara
Brachyuram postlarvae 8 4 6 21 33 1 3 1 1 1 1 1
Calappa,sp. I
M ntus sp. I
Euryplan nitida 1 1 |
Heterocrycta granulata 1 I

Libtnia sp. 1 |Pacopeus sp. 1 IFa~rtneiopidae sp. I

-

Persephone cedtterranea 1

Finntsiicitstata 1

Pinntsa FirTiaia 2 1 1 1 F
Pinntsa sp. 4 2 1 1 1 1 3 1 3 1 2 1
Portunus sp. I

santhtdee sp. 1 I 1 1
Pycno nnida
Anoplodactylus sp. 1

Insecta
Collembola sp. 1 3 1 2

5"PU56I(A- 1 9 30 8 299 408 1 8 83 1 214 44 437 3 235 8 1 1 397 3 335 14
ECH!URA 2 I I 2 2 1
PHORON!DA 2 1 1 4 1 3
ECHI CDERMATA
Stelleroidea
Asteroidea
Astropetten duplicatus 1
Unidentified Asteroidea 1

Ophiuroidea
Aephiodia pulchella 1 I I 1 1 1
Ephiuridae sp. 7 3 11 8 1 3 1 4 4 2- 2

holis elon 3 1Hem I" @jat ag 1 1 1 2 1a

_ sp. I
phrayass wurdemant 3

phtophra2 45 sp. 1
Unidentified Opht aroidea 3 1 1 1 3 1 1 2 6 2 2

Echinoidea
C1ypeasterloda sp. 11 1 1
Echtnoideasp.(exocycIlc) 3
Mellitidae sp. I 1 1

Holothuroldea
Epitomanta roseola 1 5
FnyIT&ishTius occidentalf s 1 1 1
unidentifis HWthuroidea 2 1 1

HEMICHO C ATA
Enteropneusta

Unidentified Enteropreusta 1
CHORCATA
Cephalochordata

Brachiostoma caribecum 6 3 33 7 2 13 4 1 3 4 1 1
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APPENDIX TABLE C-3

TWO-WAY ANOVA 0F TOTAL ARTHROP0D DENSITY FOR BASELINE
VERSUS OPERATIONAL YEARS AT CONTROL STATION C1

AND TREATMENT STATION B3. THIS IS RAND 0MIZATION
'

ONE OF THREE RAND 0MIZATIONS PERFORMED ON OPERATIONAL DATA.

,

Source Sum of squares Degrees of freedom Mean square
,

Total 129.86 31

Stations 11.39 1 11.39
~

Years 59.88 1 59.88

Interaction 10.41 1 10.41

|Error 48.18 28 1.72

CRITICAL F(0.05,2,1,28) = 5.64

F stations 6.62 significant=

.

F years 34.79 significant=

F interaction 5.54 not significant=

i

n -. - ey, - h



-

|

I

|

| APPENDIX TABLE C-4

TWO-WAY ANOVA 0F TOTAL ARTHROPOD DENSITY FOR BASELINE
VERSUS OPERATIONAL YEARS AT CONTROL STATION C1

AND TREATMENT STATION B3. THIS IS RAND 0MIZATION
TWO 0F THREE RAND 0MIZATIONS PERFORMED ON OPERATIONAL DATA.

| Source Sum of squares Degrees of freedom Mean square
i

| Total 110.70 31

Stations 6.48 1 6.48

Years 48.48 1 48.48

Interaction 12.44 1 12.44

Error 78.34 28 2.80

|

CRITICAL F(0.05,2,1,28) = 5.64

F stations 2.31 not significant=

F years 17.31 significant=

F interaction 4.44 not significant=

|

|

|
|

l

I

I
_ , , .. . - . - .
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APPENDIX TABLE C-5

TWO-WAY ANOVA 0F TOTAL ARTHROP0D DENSITY FOR BASELINE
VERSUS OPERATIONAL YEARS AT CONTROL STATION C1

AND TREATMENT STATION B3. THIS IS RANDOMIZATION
THREE OF THREE RAND 0MlZATIONS PERFORMED ON OPERATIONAL DATA.

Source Sum of squares Degrees of freedom Mean square

Total 115.32 31

Stations 9.90 1 9.90

Years 33.74 1 33.74

Interaction 10.21 1 10.21

Error 57.17 28- 2.04

CRITICAL F(0.05,2,1,28) = 5.64

F stations 4.85 not significant=

F years 16.54 significant=

F interaction 5.01 not significant=

i

L I



-

;

i
'

!
i

APPENDIX TABLE C-6 |
|

TWO-WAY ANOVA 0F. TOTAL ECHIN 0 DERM DENSITY FOR BASELINE 1

VERSUS OPERATIONAL YEARS AT CONTROL STATION'C1,

AND TREATMENT STATION B3. THIS IS RANDOMIZATION
'

ONE OF THREE RAND 0MIZATIONS PERFORMED ON OPERATIONAL DATA.
!

Source Sum of squares Degrees of freedom Mean square

Total 46.92 31

Stations 0.99 1 0.99

Years 14.26 1 14.26

' Interaction 0.23 1 0.23

Error 31.42 28 1.12

CRITICAL F(0.05,2,1,28) = 5.64

F stations 0.88 not significant=

F years 12.71 significant=

F interaction 0.20 not significant=

i

i

u



APPENDIX TABLE C-7

TWO-WAY ANOVA 0F TOTAL ECHINODERM DENSITY FOR BASELINE
VERSUS OPERATIONAL YEARS AT CONTROL STATION C1

AND TREATMENT STATION B3. THIS IS RANDOMIZATION
TWO 0F THREE RAND 0MIZAT10NS PERFORMED ON OPERATIONAL DATA.

Source Sum of squares Degrees of freedom Mean square

Total 55.19 31

Stations 1.95 1 1.95

Years 20.84 1 20.84

Interaction 2.32 1 2.32

Error 49.01 28 1.75

CRITICAL F(0.05,2,1,28) = 5.64

F stations 1.11 not significant=

F years 11.91 significant=

F interaction 1.33 not significant=
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APPENDIX TABLE C-8

TWO-WAY ANOVA 0F TOTAL ECHIN 0 DERM DENSITY FOR BASELINE
VERSUS OPERATIONAL YEARS AT CONTROL STATION C1

AND TREATMENT STATION B3. THIS IS RAND 0MIZATION
THREE OF THREE RAND 0MIZATIONS PERFORMED ON OPERATIONAL DATA.

l Source Sum of squares Degrees of freedom Mean square

Total 38.17 31

Stations 0.83 1 0.83

Years 13.94 1 13.94

Interaction 2.33 1 2.33

Error 25.28 28 0.902

CRITICAL F(0.05,2,1,28) = 5.64

F stations 0.92 not significant=

F years 14.96 significant=

F interaction 2.58 not significant=



_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _

APPENDIX TABLE C-9

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), ALL QUARTERS COMBINED, 1982.

NEWMAN-KEULS MULTIPLE RANGE TEST INDICATES SIGNIFICANT
DIFFERENCES BETWEEN MEANS. DATA WERE TRANSFORMED

USING COMMON LOG (X+1)

Source Sum of squares Degrees of freedom Mean square

Total 6.268 47

Groups 4.782 3 1.594

Error 1.485 44 0.034

|
CRITICAL F(0.05,2,3,40) = 3.460 i

F 47.217 significant difference=

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference q p Critical q

B3 vs B4 0.758 14.296 4 3.791 Significant difference

B5 vs B4 0.740 13.957 3 3.442 Significant difference

C1 vs B4 0.679 12.796 2 2.858 Significant difference

B3 vs B5 0.080 1.500 3 3.442

B5 vs C1 0.062 1.161 2 2.858

B3 vs C1 0.018 0.339 3 3.442

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX TABLE C-10

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS C1 (CONTROL)
| AND B3, B4 AND B5 (TREATMENTS), QUARTER 1,1982.

Source Sum of squares Degrees of freedom Mean square

| Total 740802.0 11

Groups 457842.0 3 152614.0

Error 282960.0 8 35370.0
!

CRITICAL F(0.05,2,3,8) = 5.420

F = 4.315 not significant

|
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APPENDIX TABLE C-11

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER II, 1982.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

| Source Sum of squares Degrees of freedom Mean square

Total 2.001 11

Groups 1.946 3 0.649

Error 0.005 8 0.007

! CRITICAL F(0.05,2,3,8) = 5.420

F = 94.841 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference a o critical a

B4 vs B3 0.950 19.898 4 4.681 significant difference

B4 vs B5 0.936 19.594 3 4.165 significant difference

B4 vs C1 0.902 18.885 2 3.344 significant difference

B3 vs B5 0.048 1.014 3 4.165

B5 vs C1 0.034 0.709 2 3.344

B3 vs C1 0.015 0.304 2 3.344



_ --

APPENDIX TABLE C-12

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER III, 1982.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

Source Sum of squares Degrees of freedom Mean square

Total 0.495 11

Groups 0.379 3 0.127

l Error 0.115 8 0.014

CRITICAL F(0.05,2,3,8) = 5.420

F = 8.796 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference o o critical a

B4 vs B3 0.469 6.768 4 4.681 significant difference

B4 vs B5 0.389 5.613 3 4.165 significant difference

B4 vs C1 0.319 4.612 2 3.344 significant difference

B3 vs B5 0.149 2.155 3 4.165

B3 vs C1 0.080 1.155 2 3.344

B5 vs C1 0.069 1.000 2 3.344



-

APPENDIX TABLE C-13

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER IV, 1982,.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

Source Sum of squares Degrees of freedom Mean square

Total 1.261 11

Groups 1.166 3 0.388

Error 0.095 8 0.012j

CRITICAL F(0.05,2,3,8) = 5.420

F = 32.905 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Diffe ence a p critical a

B4 vs B3 0.758 12.076 4 4.681 significant difference

B4 vs B5 0.742 11.819 3 4.165 significant difference

B4 vs C1 0.636 10.132 2 3.344 significant difference

83 vs C1 0.122 1.943 3 4.165

B5 vs C1 0.106 1.686 2 3.344

B3 vs B5 0.016 0.257 2 3.344
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APPENDIX TABLE C-14
:

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY' AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), ALL QUARTERS COMBINED,1982.

_

Source Sum of squares Degrees of freedom Mean square

Total 11298.7 35

Groups 1333.5 2 666.7'

Error 9965.3 33 302.0
,

i

CRITICAL F(0.05,2,2,33) = 4.180

F = 2.208 not significant

STLU 12
'

APTBC-14
|

1

.!

1

L

-. - _ . .
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APPENDIX TABLE C-15
,

.

ONE-WAY ANOVA FOR TOTAL FAVNAL DENSITY AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), QUARTER 1,1982.

'

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

Source Sum of squares Degrees of freedom _ Mean square

Total 0.218 8

Groups 0.020 2 0.010

Error 0.198 6 0.033

i

CRITICALF(0.05,2,2,6)=7.260

j F = 0.303 not significant

i

l

!

k

i
4

f

-

,

:

I

o

, s , e - - v -
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APPENDIX TABLE C-16

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), QUARTER II, 1982.

Source Sum of squares Degrees of freedom Mean square

Total 5736.0 8

Groups 2290.7 2 1145.3

Error 3445.3 6 574.2

CRITICAL F(0.05,2,2,6) = 7.260

F = 1.995 not significant

.

.

. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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APPENDIX TABLE C-17

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS BC (CONTROL)
. AND B1 AND B2 (TREATMENTS), QUARTER III,1982.

Source Sum of squares Degrees of freedom Mean square

Total 488.2 8

Groups 272.2 2 136.1

Error 216.0 6 36.0

CRITICAL F(0.05,2,2,6) = 7.260

F = 3.781. not significant

t

i

i

l i



. _ _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - - .. ..
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|

t APPENDIX TABLE C-18

ONE-WAY ANOVA FOR TOTAL FAUNAL DENSITY AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), QUARTER IV, 1982.

DATA WERE TRANSFORMED USING COMON LOG (x+1).

_ Source Sum of squares Degrees of freedom Mean square

Total 0.246 8
,

Groups 0.055 2 0.027

Error 0.191 6 0.032

CRITICAL F(0.05,2,2,6) = 7.260

F = 0.858 not significant

i



APPENDIX TABl.E C-19

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), ALL QUARTERS COMBINED, 1982.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

4

Source Sum of squares Degrees of freedom Mean square

Total 1.593 47

Groups 1.003 3 0.334

Error 0.590 44 0.013

CRITICAL F(0.05,2,3,40) = 3.460

F = 24.940 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference a p Critical a

B4 vs B3 0.353 10.570 4 3.791 significant difference

B4 vs B5 0.341 10.195 3 3.442 significant difference

B4 vs C1 0.297 8.882 2 2.858 significant difference

B3 vs B5 0.056 1.689 3 3.442

B5 vs C1 0.044 1.314 2 2.858

B3 vs C1 0.013 0.375 2 2.858

.

9 . _



APPENDIX TABLE C-20

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS C1 (CONTROL)
AND B3, B4 AND BS (TREATMENTS), QUARTER .I.1982.

_

Source Sum of squares Degrees of freedom Mean square

Total 5082.0 11
,

Groups 4038.0 3 1346.0

Error 1044.0 8 130.5

CRITICAL F(0.05,2,3,8) = 5.420

F = 10.314 not significant

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference a o critical a

B4 vs C1 46.000 6.975 4 4.681 significant difference

B4 vs B3 43.000 6.520 3 4.165 significant difference

B4 vs B5 35.000 5.307 2 3.344

B5 vs C1 11.000 1.668 2 3.344

B3 vs B5 8.000 1.213 3 4.165

83 vs C1 3.000 0.455 3 4.165 \ U!

\(

|

|
|

\

% |

r}

E e
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APPENDIX TABLE C-21

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER II, 1982.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

(
Source Sum of squares Degrees of freedom Mean square

Total 0.656 11

Groups 0.638 3 0.213

Error 0.018 8 0.002

CRITICAL F(0.05,2,3,8) = 5.420

F = 95.587 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference q o critical a
B4 vs 83 0.572 21.018 4 4.681 significant difference

B4 vs C1 0.552 20.277 3 4.165 significant difference

B4 vs B5 0.422 15.508 2 3.344 significant difference

B3 vs B5 0.150 5.510 3 4.165 significant difference

B5 vs C1 0.130 4.769 2 3.344 significant difference

B3 vs C1 0.020 0.741 2 3.344

,

_ _ _ _ _____ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . . . _ _ _ _ _ . _ .__ __



APPENDIX TABLE C-22

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER III, 1982.

DATA WERE TRANSFORMED USING COMMON LOG (x+1).

Source Sum of squares Degrees of freedom Mean square

Total 0.975 11

Groups 0.937 3 0.312

Error 0.039 8 0.005

CRITICAL F(0.05,2,3,8) = 5.420

F = 64.827 significant difference

NEWMAN-XEULS MULTIPLE RANGE TEST

Difference a p critical a

B3 vs C1 0.681 17.000 4 4.681 significant difference

B3 vs B5 0.678 16.918 3 4.165 significant difference

B3 vs B4 0.530 13.217 2 3.344 significant difference

B4 vs C1 0.152 3.783 3 4.165

B4 vs 85 0.148 3.702 2 3.344 significant difference

B5 vs C1 0.003 0.082 2 3.344



. . __ . ..
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APPENDIX TABLE C-23

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS C1 (CONTROL)
AND B3, B4 AND B5 (TREATMENTS), QUARTER IV,1982. '

,

Source Sum of squares Degrees of freedom Mean square

Total 1268.3 11

Groups 946.9 3 315.6

Error 321.3 8 40.2-

CRITICAL F(0.05,2,3,8) = 5.420

F = 7.858 significant difference

NEWMAN-KEULS MULTIPLE RANGE TEST

Difference a p critical a
I'

B4 vs B5 23.333 6.377 4 4.681 significant difference

B4 vs C1 19.667 5.375 3 4.165 significant difference
7

t B4 vs B3 13.333 3.644 2 3.344 significant difference

i B3 vs B5 10.000 2.733 3 4.165

B3 vs C1 6.333 1.731 2 3.344
'

B5 vs C1 3.667 1.002 2 3.344
1

- |
~!
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l
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APPENDIX TABLE C-24

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), ALL QUARTERS COMBINED, 1982.

Source Sum of squares Degrees of freedom- Mean square

Total 821.0 35

Groups 78.0 2 39.0

Error 743.0 33 22.5

CRITICAL F(0.05,2,2,33) = 4.180

F = 1.732 not significant

-. -
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APPENDIX TABLE C-25

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), QUARTER 1, 1982.

Source Sum of squares Degrees of freedom Mean square

Total 22.222 8

Groups 3.555 2 1.778

Error 18.667 6 3.111

CRITICAL F(0.05,2,2,6) = 7.260

F = 0.571 not significant

-
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APPENDIX TABLE C-26

'ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS BC (CONTROL)
AND B1 AND B2 (TREATMENTS), QUARTER II,1982.

Source Sum of squares Degrees of freedom Mean square

Total 392.0 '8

Groups 252.7 2 126.3'

Error 139.3 6 23.2

CRITICALF(0.05,2,2,6)=7.260

F = 5.440 not significant

.

1
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e



- .. . _ . . . . . _ _ . . _ _ _ _ ._.. _ _ . _ _ _ _ _ _ _ .
,

.

a

i

APPENDIX TABLE C-27

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS BC (CONTROL)4

AND B1 AND B2 (TREATMENTS), QUARTER III, 1982.

i -
Source Sum of squares Degrees of freedom Mean square

,

Total 78.0 8

1

|
Groups 14.0 2 7.0

Error 64.0 6 10.7

j

1 . CRITICAL F(0.05,2,2,6) = 7.260

! F = 0.656 not significant

,

;
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APPENDIX TABLE C-28
2

/. '

ONE-WAY ANOVA FOR SPECIES RICHNESS AT STATIONS BC (CONTROL)
-

AND B1 AND B2 (TREATMENTS), QUARTER IV,1982. ,.
,

.

Source Sum of squares Degrees of freedom MeansoJ;ahe

Total 31.556 '8 ,' 1

Groups 0.222 2
'

O.111

Error' 31.333 6 5.222.

4

: CRITICAL F(0.05,2,2,6) = 7.260

| F = 0.021 not significant
.
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D. PHYTOPLANKTON

Environmental Technical Specification (3.1.B.b; deleted May 1982)

|

I

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

This phytoplankton study is a continuation of studies begun at the

St. Lucie Plant in 1976 to monitor changes in phytoplankton density,

relative abundance, pigment levels and productivity, and to examine the

relationships between these variables and power plant operation.

Phytoplankton is comprised of chlorophyll-bearing algae which have

limited means of locomotion or passively drift in aquatic environments.

These primary producers use solar energy to convert inorganic nutrients

into protoplasm by means of photosynthesis. Phytoplankters form the

basis of the aquatic food chain, along with macrophytes, which are impor-

tant primary producers when present in shallow water (Reid, 1961).

Phytoplankters are consumed by zooplankters and other filter feeders

that, in turn, provide food for larger carnivores. Therefore, phy- I

toplankton abundance and composition affect many primary and higher level

consumers such as zooplankton and ichthyoplankton.

|

|
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Physical and chemical factors that influence phytoplankton standing

crop and productivity include water temperature, light, nutrient

availability, salinity and current. Major groups of algae vary both in

temperature tolerance ranges and in temperature ranges for optimum growth

(Patrick,1969), so t hermal additions from power plants may affect the

composition and density of phytoplankton. Alterations of phytoplankton

species composition, diversity and population succession have been attri- <

buted to power plant thermal addition in several studies (Carpenter,

1973; Patrick,1974; Briand,1975). Because phytoplankton groups differ

in their relative food value, extensive changes in phytoplankton com-

position may disrupt food chain relationships and affect the diversity

and condition of consumer forms.

Investigators have found that increased water temperature in con-

junction with other adverse environmental factors may create a greater

impact on the phytoplankton community than the impact from any single

parameter (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, synergistic effects may profoundly disturb phytoplankton

productivity, species composition and physiology; this may directly or

indirectly lead to impact at higher trophic levels.

Several studies have addressed the synergistic effects of thermal

addition and biocide application on phytoplankton standing crop and pro-

ducti vity. Studies of phytoplankton cultures from the intake and
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discharge canals of a coastal power plant showed that there was substan-

tial recovery after entrainment (Goldman and Quinby,1979). In another

coastal power plant study, however, phytoplankton enzyme activity was

depressed as a result of entrainment and showed no sign of recovery after

24 hours (Peck and Warren, 1978). One hundred percent mortality of
<

entrained phytoplankton was observed when total residual biocide con-

centrations were greater than 1.0 part per million in a power plant study

in Connecticut (Gentile et al.,1976). These studies show that power

plant effects are difficult to generalize and must be assessed on the,

basis of individual plant location and operational characteristics.

Factors commonly associated with coastal power plants, such as the pro-
,

portionately small percentage of available water entrained, complete
'

dissipation of biocides in seawater and rapid return of cooling water to

ambient tegerature, minimize the igact of entrainment on phytoplankton

(Goldman and Quinby,1979).

The NPDES required studies deleted phytoplankton as a study com-

ponent and collections at the St. Lucie Plant were terminated in May
,

1982.

MATERIALS AND METHODS

Phytoplankton Analysis

From January through May 1982, monthly phytoplankton sagles were
.

collected from surface and bottom levels of the water column at six ocean

stations (Stations 0 through 5) and in the intake canal (Station 11;

Figure D-1). After November 1976, only surface water was sagled in the
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discharge canal (Station 12). Replicate 1-liter whole-water samples were

collected at each station with a pump designed to minimize damage to the

phytoplankters (Figure D-2). Each 1-liter water sample was preserved in

the field with 5-percent buffered formalin and returned to the labora-

tory. The preserved samples were allowed to settle for a minimum period

of 4 hours per centimeter of sample container height before concentration

(EPA,1973). Whole-water samples were used in conjunction with the sedi->

mentation technique for qualitative analyses and quantitative estimates

of standing crop.

Microscopic analysis was performed by the Utermohl (1958) technique

using inverted compound microscopes equipped with calibrated ocular

micrometers. Identifications and counts were made after the sample con-

centrates had settled in counting chambers for a minimum of 4 hours.:

Through the use of random field counts (Littleford et al.,1940; EPA,
i

'
1973; APHA, 1980), phytoplankton species were enumerated in two iden-

tically prepared counting chambers per replicate sample. A minimum of

| one-half of the entire counting chamber was examined to enumerate large
4

and relatively scarce phytoplankters. Statistical analyses (hierarchical

design analysis of variance) were used to determine the examined volume

of sample concentrate necessary to ensure 90-percent accuracy in counts i

at the 95-percent confidence interval.

|

)
All phytoplankters, except some green and blue-green algae, were

counted individually. Filamentous green and blue-green algae were

measured in 100-9 standard lengths, with each length representing one

D-4
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counting unit. Colonial fonns exclusive of diatoms were counted as colo-

nies, with each colony representing one counting unit. An average number

of individuals per colony was specified where possible. Cells per liter

(N) were calculated by:

!

Vs
C

VN = c

Vj

where: Vs = Volume of sample concentrate, in milliliters;

Vc = Counted concentrate volume; determined by multiplying
the aliquot volume, in milliliters, by the proportion
of the counting chamber that was examined;

C = Units counted;

Vj = 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 differences existed between operators at the

95-percent confidence level, counts were repeated. Qualitative verifica-

tions of new species were performed on each sample as new species were

encountered.

Samples for water chemistry were collected, and physical measure-

ments and weather observations were made concurrently with phytoplankton

collections at each station. These data, which are presented in Section

G. Water Quality of this report, were examined as potential factors

influencing phytoplankton populations.

D-5
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Pigment Analysis

Replicate water samples for pigment determinations were collected

monthly concurrently with phytoplankton samples. Samples were pumped

from specified surface and bottom depths at each station, stored in
,

25-liter polyethylene containers, and transported to the on-site labora-

tory as quickly as possible to minimize chlorophyll degradation.

Samples were processed according to the method of Strickland and

Parsons (1972) and the recommendations of UNESCO (1966). Samples were

filtered through Whatman GFC filters on the day of collection; 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 acetone solution. The volume of the extract was,

| measured and extinction values were read with a spectrophotometer at a
.

slit w'dth of 1.0 nanometer (nm), using 1-cm cuvettes.

Chlorophyll-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
chlorophyll a_, in terms of the quantity of phaeopigments 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

D-6

. ., -__ _. _ . _ . _ ..



additional centrifugation. Results were obtained from the equations of

Strickland and Parsons (1972), and chlorophyll and phaeopigment values

were expressed in milligrams per cubic meter. Carotenoid values were

3expressed in millispecified pigment units per cubic meter (m-SPU/m ),

Data Analysis

The phytoplankton study at the St. Lucie plant was not part of the

NPDES required studies, therefore, collections were terminated in May

1982. This precluded meaningful statistical conparisons of the annual

data from previous years (12-month periods) with the partial data

available from 1982 (5-month period). The 1982 data were qualitatively

conpared to prior data from conparable operational phase monitoring
periods.

RESULTS AND DISCUSSION

Total phytoplankton densities at ocean stations ranged from 177 x
3 310 to 5,861 x 10 cells per liter over the January through May 1982

sanpling period (Tables D-1 through D-5). The lowest density occurred at

the bottom at Station 3 in January, while the highest density was
observed in April at the bottom at Station 1 Average density was

slightly higher at bottom depths than at the surface (Figure D-3). Total
3phytoplankton densities in the canals ranged from 392 x 10 cells per

3liter in March to 10,636 x 10 cells per liter in April. Average phy-

toplankton densities in the canals were -characteristically higher- than

those at ocean stations. The ranges in phytoplankton density were simi-

lar to previously reported ranges (ABI, 1977-1982).

l
.
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:

Seasonal and Interstation Distribution of Ocean Phytoplankton Density

As in previous studies, phytoplankton densities at ocean Stations 0
4

' and I were higher than at any other ocean station. Consistently higher
!

phytoplankon densities at nearshore ocean stations in previous studies

indicated that natural environmental factors such as depth, light, water

i tenperature and currents were predominant influences on phytoplankton

] standing crop. This trend continued in 1982.
j

Seasonal variation in phytoplankton density at ocean stations has
;

typically reflected a bimodal distribution with peak densities in the

! spring and fall (Figure D-3). Average phytoplankton density at ocean
'

stations was highest in February and May. Density at the surface was

highest in May and, at the bottom, highest in February. Phytoplankton

productivity increases in spring in response to changing water tem-

parat .re and light availability. Nutrients, which are recycled and
:

| accrue over the winter, generally decrease in concentration as produc-

tivity increases. Changing nutrient concentrations can, in turn, affect
i

; species abundance because different species exhibit maximum productivity

at different nutrient concentrations. Water temperature and light

,

transmittance were slightly lower in February than in January or March.
1

Silicates, a nutrient necessary _ for - diatom growth, were highest in.

| February and decreased through May. The nitrogenous nutrients generally
4

decreased throughout the sampling period. In February, Leptocylindrus

danicus was the dominant diatom at the surface- and codominant with

| Skeletonema costatum and Nitzschia closterium at bottom depths;._S_. costa-

tum, N_. closterium and Asterionella japonica were codominant at both

depths in May.

D-8
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Phytoplankton Community Composition

As in previous studies, the phytoplankton comnunity was cogosed

primarily of diatoms (Bacillariophyta) and unidentified phytoflagellates

(Fi gures D-4 through D-8). Cryptophytes and dinoflagellates

(Pyrrhophyta) occurred infrequently as major groups. Cryptophytes were

more abundant than dinoflagellates, which typically exhibit greatest den-

sities in the warmer summer months when nutrient concentrations are
lower. Phytoplankton cogosition during the sagling period was typical

of nearshore marine flora observed in other studies (Smayda,1957; Patten

et al., 1963; Ca rpenter, 1971; Mulford and Norcross, 1971; Marsh.all

1976).

Diatoms were the most abundant phytoplankton group over the sagling

period and the major diatom species included:

Asterionella japonica Nitzschia closterium
Bellerochea horologicalis Nitzschia delicatissima
Campylosira cymbelliformis Skeletonema costatum
Leptocylindrus danicus

All of these species, except B_. horologicalis, were major species in

various seasons over previous operational monitoring at the St. Lucie

Plant (Table D-6). The predominant diatoms were A_. japonica, L_. danicus,

N_. closterium, N_. delicatissima and S. costatum. These five diatoms con-

sistently have been major species in winter and/or spring collections

since 1976 The two latter species were also the most abundant diatoms

observed in 1981. Consistent long-term patterns of major species

occurrence suggest that changes in community cogosition result from

natural succession and are not influenced by ocean discharge. _S_.costa-
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tum, consnonly abundant along the east coast, has typically been one of

the most abundant and widely distributed diatoms at St. Lucie.

Throughout the 1982 sampling period, excluding April, this species was a

major diatom at all stations and depths. Similar composition and distri-

bution of major species among stations indicate a predominantly seasonal
'

influence on changes in the ocean phytoplankton community.

Interstation Comparisons of Ocean Phytoplankton Data

As typically observed in previous studies, average phytoplankton

density was highest at ocean Station 1 nearest the point of ocean

discharge, and lowest at Station 3 located over Pierce Shoal (Figure

D-1). Phytoplankton density was also high at control Station 0, south of

the plant site. Over the 1976-1981 monitoring period, phytoplankton den-

sities at both surface and bottom depths at Stations 0 and 1 were signi-

ficantly higher than at other ocean stations (ABI,1982). This long-term

difference among stations probably reflects natural enhancement of phy-

toplankton growth near shore because both stations are located at similar

distances from shore. Higher phytoplankton densities at Stations 0 and I

and similar community composition among all ocean stations indicate no

adverse influence from St. Lucie plant operation.

Entrainment and Temperature Relationships

From January through May 1982, average phytoplankton densities in
3 3the intake canal (Station 11) ranged from 399 x 10 to 9,478 x 10 cells

per liter and in the discharge canal (Station 12) densities ranged from
3548 x 10 to 7,772 cells per liter (Table D-7). Values of AT (change in

D-10
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,

water temperature between the intake and discharge canals) ranged from

0.2*C to 12.8'C.

Between 1976 and 1982, total phytoplankton densities have decreased

from the intake to discharge canal on 68 percent of all sampling dates

(ABI, 1962). However, with each succeeding year, the decrease in den-
,

sities between the intake and discharge canals has occurred less fre-

quently. During the five-month sampling period in 1982, phytoplankton

densities decreased between the intake and discharge canals on two
1

occasions and increased on two of the four occasions when -the plant was

j generating (Table D-7). There has been no apparent correlation of phy-

toplankton density changes (between the intake and discharge canals) with1

AT. Pressure changes, acceleration, shear, abrasion and biocide appli-

cation have been well documented as factors other than water temperature,

that can contribute to power plant impact from entrainment (Marcy et al.,

1978; Morgan and Carpenter, 1978). All or any combination of these fac-

; tors may act independently or. interact with temperature in determining
i net entrainment effects. Environmental differences between the canals,
I when the plant is down or in limited operational mode, may also influence

; differential phytoplankton growth during periods of reduced water cir-
'

culation, as occurred in May 1982.

Consistent seasonal entrainment. effects on certain major phytoplank-

j ton taxa have been observed during operational monitoring (ABI,1982).
i

These seasonal trends in. density changes between the intake and discharge,

!
. canals and between the discharge canal and _ ocean discharge ' Station 1.

:
d
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reflect variable plant effect on phytoplankton cogosition and abundance

in response to seasonal factors such as changing ambient water tem-

peratures and natural species succession. However, changes in the den-

sities of certain taxa at ocean Station 1, relative to densities in the

discharge canal, have not resulted in anomalous phytoplankton composition

or abundance at Station 1 in comparison to Station 0 and other ocean sta-

tions.

Distribution of Chlorophyll-a at Ocean Stations

Chlorophyll-a is widely used as an index of phytoplankton standing

crop because it is the primary photosynthetic pigment in all phytoplank-
ton species. Historically, chlorophyll-a concentration has shown a

significant positive correlation with phytoplankton density at the St.

I.ucie Plant site.

Over the January to May 1982- sampling period, chlorophyll-a values
3at ocean stations ranged from 0.24 to 3.20 mg/m at the surface and from

0.19 to 3.28 mg/m at the bottom (Table D-8). As in all previous moni-

toring, average chlorophyll-a at the surface was slightly lower than at
i

bottom - depths (AB1, .1977-1982; Worth and Hollinger,1977;. Figure D-9).

The distribution of monthly chlorophyll-a_ over the sampling . period

reflected that observed for phytoplankton density with highest con-

centrations in February and May. Maximum concentrations at ocean sta-

tions generally occurred in February. Chlorophyll-a has typically been

highest in spring and late summer (March and August) and lowest in summer

(June and July). As in 1981, chlorophyll-a concentration was lowest at
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ocean Stations 3 and 4 Chlorophyll-a_ concentration at these two sta-

tions in 1982 also resembled 1981 data in that the trend in chlorophyll-a

concentration at these stations differed from that observed at the other

ocean stations.

'

Interstation Comparisons of Ocean Chlorophyll-a Level _s

3Average chlorophyll-a concentration at ocean Station 1 (2.01 mg/m ),

was internediate between average concentrations in the intake and

discharge canals, 2.46 and 1.84 mg/m , respectively. As in previous,

study years average chlorophyll-a_ concentration was consistently higher

at ocean Stations 0 and 1 than at other ocean stations.

On the average, water high in chlorophyll-a_, relative to average

concentrations in the ocean, has been discharged at ocean Station 1

; throughout operational monitoring at the St. Lucie Plant. This may, in

part, account for the higher phytoplankton standing crop observed at
Station 1 It also appears that phytoplankton productivity is enhanced

in the vicinity of the ocean discharge during periods when standing crop
~

not only exceeds that at other ocean stations but also is higher than
that 'in the discharge canal.

1

Seasonal and Interstation Distribution of Chlorophyll-a in the Canals

High concentrations of chlorophyll-a_ in the canals occurred in
February and April. Average chlorophyll-a_ concentration ranges in the

intake and discharge canals were 0.62 to 6.97 mg/m and 0.58 to 3.53
3

mg/m , respectively (Table D-8). As generally observed during previous '

'0-13
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|

!

;

i

! studios, chlorophyll-a concentration was higher in the intake canal than
;

,

:

in the discharge canal, except in May 1982 when there was no appreciable

water temperature change AT between the canals (Figure D-10).
,

i

Phaeopigment Levels at Ocean Stations and in the Canals
;

;
The distribution of average phaeopigment concentrations among the

] sampling stations generally reflected the distribution observed for.

! chlorophyll-a; stations with higher chlorophyll-a_ concentrations
'

generally had higher phaeopigment concentrations.
4

j Generalized annual trends from previous monitoring studies show

slightly higher phaeopigment levels at the bottom as compared to the sur'-

j face at ocean. stations (Figure D-11) and higher concentrations in the
J

; discharge canal than in the intake canal (Figure D-10). Over the five-
<

j month sampling per'iod in 1982, phaeopigment concentration at surface and

] bottom depths at ocean stations was generally similar.. Phaeopigment con-

centration in the discharge was lower than in the intake canal. However,

the ratio of phaeopigment to chlorophyll-a in the canals indicated a
,

slightly greater proportion of phaeopigment in the discharge canal.
4

!

Comparison Between Baseline and Operational Monitoring Data

f Baseline study collections were conducted bimonthly. from September
;

i 1971 through August 1972 and monthly from September 1972 through August ~
.

1973 -(Walker and Steldinger.1979). Chlorophyll-a concentrations and

. variability among ocean stations- during operational studies have been
.

similar to those observed during the baseline study. (Figure D-9). There:

'
.
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were no differences between baseline and the January - May 1982 data

which would indicate adverse effects. Comparisons between baseline and

' operational data indicate that no long-term or widespread impact on phy-,.

toplankton standing crop at ocean station, has resulted from piant ' opera-

tion.
<

SUMMARY'

Phytoplankton density has typically been higher in the intake canal- y

than in the discharge canal due to entrainment mortality. However, there

has been a successive decrease in the occurrence of reduced densities

between the intake and discharge canals with each succeeding year of

monitoring. Phytoplankton density in the discharge canal. has exceeded

that in the intake canal on occasions when the plant was in a limited ,s

operational mode with reduced water circulation; --

. -

Entrainment effects on the composition and abundance of certain

major phytoplankton taxa were -consistently observed in certain seasons

and were related to changing seasonal factors such as ambient water tem-

perature and natural species succession. However, anomalous phytoplank-
.

ton composition has not been observed at discharge Station 1 as compared

to other ocean stations. Consistent long-term patterns of major phy-

toplankton species occurrence and the similarity in species composition -

and distribution among ocean stations suggest that overall changes in .l' W
w

composition of the ocean' community result from natural succession-add are d
,

not influenced by ocean discharge.
,

|
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Throughout operational monitoring ate the St. Lucie Plant, phy-

toplankton densities and chlorophyll-a_ concent,ctions have been higher at

Stations 0 and I than at other ocean stations. Consistently higher phy-

toplankton standing crop at both of these nearshore stations (control

Station 0 south of the plant site and Station 1 at the point of ocean

discharge) indicate that natural environmental factors common to both

stations are predominant influences on phytoplankton abundance. There

are other factors which may contribute to the high phytoplankton standing

crop at Station 1. The discharge of water high in phytoplankton standing

crop may account, in part, for the higher average phytoplankton abundance

at Station 1. Phytoplankton density and chlorophyll-a_ concentration

typically have bee considerably hi gher in the intake and discharge

canals than in the ocean, even af ter decreases between the intake and

discharge canals following plant entrainment. Enhancement of phytoplank-

ton productivity in the vicinity of the ocean discharge also has been

indicated because during certain periods, phytoplankton standing crop at

Station 1 has exceeded that at other ocean stations as well as that in
the discharge canal.

Comparisons of operational and baseline data among stations and

study years provi ded no evidence of long-term or widespread adverse

impact on the ocean phytoplankton community. The most probable net

effect of plant operation is phytoplankton enrichment in the immediate

vicinity of the ocean discharge.

I
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TA8LE D-1

PHYTOPLANKTON DERSITT" AIC PERCENTAGE CG9051T10Nb
ST. LUCIE PLANT
20 .RNUAEY 1982

Station and deoth*
11 12 'O 1 2 3 4 5Tason 5 8 7 5 5 8 5 8 5 8 5 8 5 8 5 8

Sacillartophyta (Diatons)
231781 .408917 320349 275486 185378 262054 201797 345718 101243 146867 147708 % 3 94 152814 146805 120557 142413(47) (52) (50) (49) (50) (54) (55) (50) . (52) (57) (49) (54) (55) (44) (58) (57)

. Pyrrhophyta (Dinoflagellates) 12753 . 14088 13421 8675 13620 9578 6006 15408 3004 3054 1781 1856 5341 8406 5570 5674
|(3) -(2) (2) (2) (4) (2) (2) (2) (2) (1) (G) (1) (2) (2) (3) (2) t

Cnlorophyta (Green Algee) 1335 667 1201 657 601 3080 286 381 668 657(G) (G) (G) (G) (G) (G) (G) (G) (G)- (G)
Cyanaphyta' (Stue-Green A1 ae) 8897 444S 1001 801 265 9349

(1) '(G) (G) (G) (G) (G)
- Euglenophyta (EnglenotJs) 141 371 770 667 222(G) (G) (G) ((1) (G)
Cryptophyta (Cryptophytes) 25654 30894 2827% 31030 11611 11978 8408 34649 3575 6101 6673 4766 9009 9886 6673 10343:D (5) (4) (4) (5)_ (3) (2) (2) (5) (2) (2) (2) (3) (3) (3) (3) (4)

.. N - Chrysophyceae (Yellow-brown !!86 593 2002 601 2310 858 153 667 1112 667algae and stitcoflagellates) ((l) (G) (G) (G) (G) (G) (G) (G) (G) (G)
Prasinghyceae (Prastnophytes) 6910 10504 6737 3559 2402 5539 1201 6160 2% 753 4449 2333 1001 5932 2002 3670(1) (1) - (1) (C) (G) (1) (C) (C) (4) (G) (1) (1) (G) (2) (G) (1)

| Unidentified Phytofla9e11ates 207013 315118 261066 246125 151345 198190 148943 217190 85845 95330 138800 70702 104100 164603 72958 85415
(42) (40) (41) (43) (41) (40) (40) (40) (44) (37) (46) (40) (38) (49) (35) (34) '

Others ' 2224 1112 5205 667 1802 1540 1239 3051 445 1059 567 939 222 1001(G) ((1) (1) (G) (G) (C) (G) (1) (G) (G) (G) (G) (G) (G)
- Total Phytoplankton 489657 . 639033 372764 369359 196336 299856 275868 209315- 183418 565876 499478 686825 256310 177425 336621 249910

* values are expressed as cells per liter and represent the mean of three repitcates.
b
Percentage values are given in parentheses.

CS*5arface; 8 Botton; =The average of Station 115 and 8 values.a

51Lul3
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TA8LE D-2

8 bPHfTOPLANET00 DERSITY A W PEACENTAGE COMP 05tT10N
ST. LUCIE PLAST
24 FE8RUARY 1982

,

CStation aM death "

11 12 0 1 2 3 4 5
^ Tamon 5 8 I 5 5 8 5 8 5 8 5 8 5 3 5 t

Bacillarlophyta (Diatoms)
2175554 1938440 2056997 2360731 863170 1726993 3035648 2646294 1882387 3360036 835647 1645304 761201 1325594 547243 1507013

,

. (59) (63) (61) (59) (63) (56) (69) (62) (61) (58) (43) (54) (53) (44) (37) (45)
Pyrrhophyta (Dinoflagellates) 48936. 13799 31367 18537 14235 38555 35590 18536 35590 83915 20391 32438 2085 13902 28600 60243'

(!) . (G) (G) (G) (1) (1) (G) (G) (1) (2) (1) (1) (G) (G) (2)
' . (2)

'Chlorophyta (Green Algae) 5561 2780 10813 4449 4449 3089 9263 20e5 4634 4634((1) (G) (G) (G) (G) (G). (G) (G) (G) (G)
Cyanwhyta (Blue-Green A19ae) 4119 2059 9886 7118 8837 19772 17795 5541 4634 6256 9268 11440 4634

:

(G). (G) (G) (G) (G) (G) (G) (G) (G) (G) (G) (G) (G)
!Euglenophyta (Euglenoids) . 8817 4448

4634(G) (G) (G)
Cryptophyta (Cryptophytes) .

115667 !!6367 116017 271866 51605 226384 200192 222436 151256 333654 64877 195363 41707 92682 104863 115852
, .(4) (3) (7) (4) (7) (5) (5) (5) (6) (3) (6) (3) (3) (7) (4)(3)

Cy , Chrysophyceae (Yellcm. bran M33 4840 3707 4449 6179 2472 4634
- algae and silicoflagellates) ((1) (G) (G) (4) (G) (G) (G).

W Prestnophyceae (Prastnophytes) 13346 % 80 11513 7118 29658 4449 6179 14829 8032 6256 9253 4634
*

(G) (G) -(G) (G). (G) (G). -(G) (C) (C) (G) (G) (G)
Unidentifted Phytoflagellates 1303474 975422 1139448 1354700 425297 1C26170 1116630 1328443 1014306 1987089 983660 1144622 617259 1533377 777989 13 4 2254z

(36) (32) (34) (34) (31) (34) (25) (31) (33) (34) (51) (38) (43) (51) (53) (45)
Others - 1118 3707 4449 2472 4634 4171 4634 7526 i

(G) (G) (G) (G) (G) (G) (G) (G)
1 Total Phytoplankton 3665874 3369473 1375661 4414753 3101334 1926201 1441020 14716613073068 4026533 3060123 4247836 5734533 3026263 2993493 3091869 {

,

8valees are expressed as cells per liter and represent the mean of three repitcates.
bPercentage valaes are given in parentheses.

I
C Surfacel B=$cttool' *The average of Station 11 5 and B values. I5 s
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taste D-3
8 bPHYTOPLANCT04 DE45ff1 A30 PERCENTAGE CQf051TICa

ST. LUCIE PLANT
17 MARCH 1982

CStation sad cepth
11 12 0 1 2 3 4 5

inen 5 s i s s a s a s a s e s a s s
Sect 11ariophyta (Diatous)

122757 122863 125810 200522 141441 207782 530196 931344 52405 81398 248235 264313 50760 62015 167178 160831(33) (30) (31) (37) (36) (36) (58) (54) (24) [36) (47) (49) (14) (15) (40) (42)
Pyrrhochyta (Dinoflagellates) 11335 8674 10030 4125 10874 43003 22254 11863 5676 12679 24023 19352 9787 6940 8453 3336(3) (2) (3) (G) (3) (7) (2) (G) (3) (6) (5) (4) (3) (2) (2) (G)
Chlorophyta (Green Algae) 915 6007 3461 637 931 2966 667 901 667 667 667 534 445 667(G) (1) (G) (G) (G) (G) (G) (G) (C) (G) (c) (G) (G) (G)
Cyanophyta (Blue-Green Algae) 1583 2463 2026 3570 1483 1236 2966 1335 400 667 3314 2136 1779 1112(G) (G) (G) (G) (G) (G) (G) (C) (G) (G) (C) *G) (G) (G)
Eaglenophyta (Euglenoids) 494 2966 1063(G) (G) (G)
Cryptophyta (Cryptophytes) 20591 20637 20639 21 % 9 29329 90457 25951 26692 3675 10944 18017 17350 1324J 23328 11567 5561(5) (5) (5) (4) (S) (16) (3) (2) (4) (5) (3) (3) (5) (7) (3) (1)
Chryscphyceae (Yelice-trown

667algae and stitcofia9ellates)
(G)

Prasir.cphyceae (Prestrephytes) 1735 2669 2202 1483 4449 2472 66 7 1869 667 2002 f90 106S 445 'aFg (G) (G) (G) (G) (G) (G) (G) (C) (G) (G) (4.1 ) (G) *Q (G)
Unidentiffed Phytoflagellates 226903 243567 235235 317177 201840 237264 326239 739475 145473 117513 232S90 243231 274728 314969 * i 207513(58) (60) (59) (58) (52) (41) (36) (43) (63) (52) (44) (44) (TM (75) .) ($%

.

Others
1134 1068 1335 667
(G) (C) (G) (c)

Total Phytoplankton 391863 399803 337933 908348 214898 525216 358366 413687436935 543050 532955 1718272 226733 544532 413626 31t424

' Values are expressed as cells per liter and represent the mean of three rep 11 Cates.
b
Percentage values are given in parentheses.

'5=5arface; 8=Catton; a *The average of Station 115 and B valdes.

I
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TA8tE D-4 - ''

PHYTOPLANKTON DEN 51TY A80 PE80ENT40E CCMPOSITICY
a

ST. LUC!E PLANT '

14 AP81L 1982 '

Station and dest %"
11 12 0 1 2 3 4 5

Tason 5 8 5 S 8 5 8 5 8 5 S 5 8 5 8

,

.

Bacillarlophyta (0fatoss)
3951899 5147806 4564853 3650169 501917 823283 2111671 2941713 421173 553865 286223 304331 232770 350338 324928 206865(48) (48) (48) (47) (50) (38) (54) (50) (75) (66) (58) (60) (56) (50) (38) (41)

Pyrrhaphyta (Cinoflagellates) 22244 40856 31550 6673 12874 11344 47453 69511 3850 2670 3239 3949 2506 4449 3080 5561(G) (C) (G) (G) (1) (G) (1) (1) (G) (G) (G) (G) (G) (G) (G) (1)
Chlorophyta (Green Algae) 33365 16683 7150 2669 5932 11122 1278 790 1540(G) (G) (G)' (G) (C) (G) (G) (G) (G)
Cyanophyta (Stue-Green Algae) 13619 6809 77 1540((1) (G) (U) (G)

. Eaglenophyta (Euglenoids) 1430 9342 593 790 1540(G) (G) (G) (C) (G)
Cryptophyta (Cryptcphstes) 645064 299607 472336 453769 32889 93094 118632 269703 4620 25358 9262 11056 7507 17795 36959 18907o. (8) (3) (5) (5). (3) (5) (3) (5) (C) (3) (2) (2) (1) (3) (4) (4)-b' Chrysoph :eae (Yellow-brown 13619 6309i

algae and stitcotla9e11ates) (G) (G)' 1112(n -
(G)

Presinophyceae (Prasinophytes) 77853 68093 12973 42263 ~ 429n 17350 17795 50048 30 2 1278 790 1668 1112 3080 4449(G) (G) (G) (G) (G) (G) (G) (G) (G) (G) (G) (G) .(G) (G) (G) j
UnlJentified Phyto'lagellates 3536727 5038855 4287791 3619027 444712 1215837 1637128 2519085 128585 261585 192595 185583 212704 324756 488161 262474 -f

(43) (47) (45) (47) (44) (56) (42) (43). (23) (31) (39) (36) (42) (46) (57) .(52)
.

Others 22244 13619 17932 5720 770 1371 1579 1668 1112 1540 ~ 1112
'

(G)' (G) (C) (G) (G) (G) (G) (G) (G) (G) (G)
Total Phytoplankton 8319396 9477736 1010982 3938611 562155 496339 508823 862368 I10636074 1771901 2177919 5861182 843478 509368 699562 500490

' Values are espressed as cells per liter and represent the mean of three replicates.
bPercentage values are given la parentheses.

8 = Surface; 8 Botton; =The average of Station 115 and 8 values.5 a
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TA8tE O-5

PHTTCPLAMETON DE251TY4 bAlla PERCEllTAM CMMITION
ST. LUCIE PLANT

18 ftAY 1982

CStation and depth
11 12 0 1 2 3 4 5Tenon 5 8 7 5 5 8 5 3 5 8 5 8 5 8 5 8

Bacillartophyte (Diatoca)
814114 750718 782416 1426442 2961175 2179872 1935858 3073325 2163188 1445833 217004 131101 672596 1003630 750721 1327020(63) (62) (62) (52) (63) (60) (64) (66) (64) (58) (34) (36) (54; (55) (60) (65)

Pyrrhophyta (Dinoflagellates) 8341 6673 7507 12512 50084 7415 33365 2 % 59 27805 13902 8897 3565 6673 18084 7415 32967(G) ((1) (G) (G) (1) (G) (1) (1) (G) (G) (1) (G) (C) (1) (G) (2)
Chlorophyta (Green Algae) 1668 5005 3336 12512 16683 4634 2502 5437((1) (G) (G) (C) (G) (G) (G) (G)
Cyanophyta (Blue-Green Algae) 3336 5005 4171 13346 21317 8147 27760 5561 1369(G) (G) (C1) (G) (G) (C) (2) (G) (G)
Euglenophyta (Euglenolds)

2472
(G)

Cryptophyta (Cryptopnytes) 20019 6673 13346 104267 45877 18536 18536 16683 26260 10010 6525 6673 21354 11122(2) (G) (1) (4) ((l) (G) (G) (G) (1) (2) (2) (C) (1) (G)
Chrysophyceae (Yellow-brown

5561
-C, algae and silicoflagellates) (G)e
W Prasinophyceae (Prasinophytes) 3337 1669 8341 7415 5561 4634 890 2966
m (c) (c) (a) (c) (c) (q) (c) (g)

Unidentified Phytoflagellates 453168 430413 442010 1155274 1676612 1410611 1034326 1497734 1139983 1007140 401496 218284 553365 758061 485652 673866
(35) (36) (35) (42) (35) (39) (34) (32) (34) (40) (63) (61) (44) (41) (39) (33)Total Phytoplaraton 1301246 1254535 4733712 3009110 3364342 637407 1250456 12604711201324 2732694 3623849 4646132 25C2403 360365 1329489 2051097

*faldes are expressed as cells per liter and represent the mean of three repilcates.
b
Percentage values are given ja parentheses.

8 =5urface; 8 Botton; i =The average of Station 115 and 8 values.5

>
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TABLE D-6

SEASONAL" OCCURRENCE OF MAJOR PHYTOPLA* TON SPECIES .

ST. LUCIE Pt. ANT
MAFCH 1976 - NOVEMBER 1981

Season and year

Winter Spring Summer Autumn
Taxon 77 78 79 80 81 76 77 78 79 80 81 76 77 78 79 80 81 76 77 78 79 80 81

BACILLARIOPHYTA
Asterlonella japonica xt::- :x:- ax.< exx e: x:: .:xx xx:: xx :< xx+;
Biddulphia aurita x x
CampylosIra cymbelliformis x x x x x x
Eunotogramma marinum x ,

Hemlaulus hauckil x
Leptocylindrus danicus :0XX .? xx :0xx xxx x x x+x .x x :- xx:- :- r :
Nltzschla acicularis v.

closterloides x x
N. closterium ::xs xxx xx+. xxx +:+5 +RW +WM KW:- E1tx+- x '0X::: :+x x x x :' xxx :' x :-
W. deIicatIssIma x x :x0 xxx +xx xxx x-x x xxx xxs 0:r-x cx:< ?xx ax> xxx x x :- xxx ::X+YhaponeIs surireiIa x x
Rhizosolenia fragilissima x7 R. stolterfothil X x

'W Tkeletonema costatum $XSi:SYS :$Wf -:5K:5 :fXS: 5fKf<"+x <:W: '$Xi '5E$: $fE5 :$$$ JfE: IfK$: ST:: 5Y$ MW5 :51:5 ::5Y: :::Y:: :?x): c x:-N Thalassionema nitzschloides x x '<-W A v x-^ S:-x * 5: x+: x x xx+ xx :- 0.x +
Thalasslostra sp. I x x x x x x x x x x
Tropidonels lepidoptera x x x x

CHLOR 0FrtYTA
Chlorophyte sp.1 x :?xx Ex:s xx::: :st::: x x x

PRASI NOPHYCEAE
Prosinophyte sp. 1 x x+. xx? x x-:< x x

O
winter = December (of preceding year), January and February
Spring 44 arch, AprII, May 6

Summer = June, July, August
Axtumn= September, October, November

Shaded areas Indicate seasonal periods in which a major species occurred on at least 50 percent of all possible occasions.

- - _ _ _ _ _ _ _ _ _ _ _ _
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TABLE D-7

COMPARIS0N OF INTAKE (STATION 11) AND
DISCHARGE (STATION 12) PHYTOPLANKTON

ST. LUCIE PLANT
JANUARY - MAY 1982

Temperature in 'C Change in ,
Intake Discharge cell count

Date Intake Discharge AT ('C ) (cells / liter) (cells / liter) (%)

20 Jan 22.1 33.7 +11.6 639,038 565,876 -11.4

24 Feb 19.9 32.4 +12.5 3,369,470 4,026,533 +19. 5

17 Mar 23.1 35.3 +12.2 399,403 548,050 +37.2

14 Apr 22.8 35.6 +12.8 9,477,736 7,771,901 -18.0
b18 May 25.2 25.2 +0.2 1,254,535 2,732,694 +117.8

Chan9e in cell count = Discharge - Intake X 100.a

Intake
bPlant down or in limited operational capacity only.

D-38
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TABLE D-8

a i
ACTIVE CHLOROPHYLL-a AND PHAEOPIGMENTS

ST. LUCTE PLANT
1982

|

; Pigment and depth
I

Chlorophyll-a (mg/m ) Phaeopiament (mg/m )
i Date Station S B A S B A

20 JAN 0 0.57 0.68 0.62 0.24 0.21 0.22
1 0.44 0.61 0.52 0.51 0.31 0.41
2 0.29 0.35 0.32 0.41 0.30 0.35
3 0.31 0.29 0.30 0.25 0.38 0.31
4 0.37 0.41 0.39 0.22 0.33 0.27

.
5 0.28 0.19 0.24 0.45 0.63 0.54

! 11 0.61 0.63 0.62 0.41 0.64 0.53
12 0.59 0.59 0.59 0.59- -

24 FEB 0 1.25 2.69 1.97 1.36 1.01 1.184

: 1 3.20 3.28 3.24 1.15 1.39 1.27
2 2.09 2.67 2.38 1.98 1.44 1.71

'

3 1.76 2.13 1.94 0.86 0.86 0.86

; 4 1.77 2.52 2.14 0.96 1.50 1.23
5 1.47 2.92 2.20 0.79 0.58 0.69.,

11 3.13 2.18 2.65 1.65 1.47 1.56
12 1. 94 1.94 1.25 1.25- -

; aPhaeopigment = Phaeophytin-a plus phaeophorbide-a.

b '= Surface; B = Bottom; A = Average. S and B values represent meanS

of duplicate determinations.-

D-39
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TAGLE D-8 "

| (continued) a
ACTIVE CHLOROPHYLL-a AND PHAE 0 PIGMENTS

ST. LUCTE PLANT-

1982

|
! b
! Pigment and depth

| Chlorophyll-a (mg/m ) Phaeopiament (mg/m )
s

Date Station S B A S B A .

'

17 MAR 0 0.64 0.94 0.79 0.71 1.10 0.90
'

1 1.27 1.78 1.52 0.81 0. 91 O.86
'

2 0.52 0.58 0,.55 0.52 0.60 0'.56 _,

3 0.71 0.79 0.~75 0.52 0.59 0.55.
'

g

4 0.61 0.28 0.4'4 0.54 0.76 0.65
5 0.54 0.97 '0.75 0.74 0.49 0.61
11 0.79 0.93 0.86 0.38 0.41 0.39

| 12 0.58 ' 0.58 0.66 0.66'-
.

-

s
'

14 APR 0 0.86 1.48 1.17 0.79 0.51 O.65
1 1.97 2.60 2.28 0.57 0.83 0.{0
2 0.81 1.70 0;94 0.53 0.53 '0.53'
3 0.56 0.66 0.61 0.86 0.59 0.72
4 0.66 0.51 0.58 0.49 0.73 0.61 s

5 1.08 7,0.79 0.94 0.85 0.72 0.79
' '

e a

11 6.95 6.99 6.97 1.75 1.30 1.53
12 3.53

~

3.53 0.95 0.95- --

:~
s

;
aPhaeopigment = Phaeophytin-a plu:1 phaeophorbide-a.

,
.\

b5 = Surface; B = Bottom; A = Average. S and B values represent mea 9' ,

of duplicate -determinations.

1. .
||\.

,
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TABLE D-8
(continued)

ACTIVE CHLOROPHYLL-a AND PHAE 0PIGHENTS,

' . ST. LUCTE PLANT
1982

,

Pigment and depth-

3 3Chlorophyll-a (mg/m ) Phaeopigment (mg/m )s ,

[ Date Station S B A S B A
-

- 18 HAY 0 2.40 2.71 2.56 0.49 0.60 0.55
1 2.59 2.39 2.49 0.52 0.86 0.69

s 2 2.74 3.10 2.92 0.64 0.75 0.70,,

3 0.24 0.29 0.26 0.87 0.80 0.83
4 1.08 0;89 0.99 0.80 0.86 0.83
5 1.30 1.82 1.56 0.62 0.66 0.64
11 1.37 1";03 1.20 0.80 1.44 1.12
12 2.57 ,s 2.57, 0.92 0.92- -

,.

~

aPhaeop19 ment = Phaeophytin-a plus phaeophorbide-a_.

b5 = Surface; B = Bottom; A = Average. S and B values represent mean
of duplicate detenainations.

.
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b
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E. ZOOPLANKTON

!Environmental Technical Specification (3.1.B.b; deleted May 1982)
|

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 motility or

passively drift with water currents. Ecologically, zooplankters form the
i

second trophic level in most aquatic food chains and can be divided intoo

1
two matn groups: 1) holoplankters, which spend their entire life cycle,

;< . ; ,

in the water column and 2) meroplankters, which consist predominantly of

benthic macroinvertebrate larvae ands are temporary members of thes
/

zooplankton community. Zooplankters are an integral part of the marine

fauna near'the St. Lucie Plant. They are the msjor consumers of primary
l

prctaers', mainly phytoplankto'n and, in turn, provide an important food
't .I i !

source for .larher macroinvertebrates and fish. Changes in zooplankton

community Nomposition and density reflect the influences of water tem-
,1

,I '. ., -

q perature, salinity, food availability and other biotic and abiotic ~ para -
'

meters. Zooplankton populations in a nearshore environment, su'ch as that

near the St. Lucie Plant, exhibit considerable natural variation in both'
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This study is a continuation of studies begun by ABI in 1976 to

determine the potential effects of St. Lucie Plant operation on the
-aquatic biota. This section of the report examines the composition and

I

density of the zooplankton community during the January through May 1982

monitoring study at the St. Lucie Plant. The 1982 data were compared to

those from similar periods during the 1976 through 1981 operational phase

studies (ABI, 1977-1982) and during the 1972 through 1973 baseline study

(Walker et al.,1979) to evaluate the potential effects of power plant

operation. The new NPDES monitoring program deleted zooplankton as a

study component, and collections at the St. Lucie Plant were terminated

in May 1982.

General Effects of Power Plant Operation

Because of their small size and limited motility, zooplankters are

easily entrained during power plant operation. Perturbations to the

zooplankton community may occur as a result of entrainment in 1) power

plant condenser cooling waters and 2) heated plant discharge waters.

Entrained zooplankters are subjected to sublethal or lethal exposure,

to rapid thermal elevation, mechanical and hydraulic stresses and bio-

cides. These factors can act independently or synergistically with other

physicochemical parameters to stress an organism. Pertinent studies on

the effects of power plant entrainment on zooplankton have demonstrated

impaired swimming and feeding capabilities, lowered resistance to preda-

tion, increased susceptibility to disease and potential inhibition of

reproductive and growth processes (Mihursky ' and Kennedy,1967; Coutant,
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1970; Davies et al.,1976; Polgar et al.,1976). Mortality of entrained

zooplankton may range from 15 to 100 percent depending on species and

environmental conditions (Marcy et al., 1978).

The zooplankton subject to plant entrainment may include the larval

stages of local benthic species such as echinoderms, molluscs, barnacles

and decapod crustaceans (shrimp and crabs). The impact of the entrain-

ment mortality of these larvae upon adult populations is important

because most benthic invertebrates have long generation times and limited

spawning periods. Entrainment of these meroplankters could result in a

decrease in abundance of recruitable larvae in the waters adjacent to

power plants (Enright, 1978). Holoplanktonic organisms, such as cope-

pods, appendicularians and chaetognaths, have comparatively short genera-

tion times and potential losses attributable to plant passage would be

minimized by recruitment from ocean communities.

The biological effects from entrainment in thermal effluents are

difficult to assess because the resulting stress depends on the response

of individual zooplankton species to the magnitude and duration of expo-

sure. The extent of exposure, in turn, is a function of ambient and

discharge water temperatures and mixing processes. An open coastal

environment, such as that found at the St. Lucie Plant, provides rapid

dissipation of waste heat. Thermal plume entrainment effects are, there-
.

fare, likely to be negligible.
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Effects of Other Environmental Components

Physical factors that potentially influence zooplankton distribution

include salinity, dissolved oxygen and water temperature. The effect on

zooplankton of these physical components and other biological elements of

the ecosystem may result in uneven zooplankton distribution. This

patchiness compounds the difficulty of estimating power plant influence

on zooplankton densities and species composition.

MATERIALS AND METHODS

Duplicate zooplankton samples were collected monthly from January

through May 1982 at six ocean 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 diameter, 202-p mesh plankton nets

equipped with flowmeters to enable calculation of the volume of seawater

filtered. Ocean stations were sampled at surface and bottom depths by.

discrete 5-minute horizontal tows at speeds of 0.5 to 2 knots. Intake

and discharge samples were collected by 10 minute step-oblique tows taken

at spaced intervals from the bottom to the surface. Zooplankters were

preserved imediately after collection in a 5-percent formalin solution

buffered 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 gridded counting trays for examination. Zooplankters were

identified to the lowest practicable taxon.
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Zooplankters per cubic meter were calculated 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:

2V = x(r )1

where: V = Volume of water filtered, in cubic meters;

r = Radius of the 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.

Data Analysis

Zooplankton collections at the St. Lucie Plant were terminated in
May 1982. This precluded meaningful statistical comparisons of the

{

,

annual data from previous years (12-month periods) with the partial data

available from 1982 (5-month period). The 1982 data were qualitatively

compared to prior data from the comparable operational phase monitoring

periods.
.
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RESULTS AND DISCUSSION

Zooplankton community composition between January and May 1982 was
1

similar to that observed over the same monitoring periods during previous

operational phase studies at the St. Lucie Plant (ABI, 1977-1982). As in

previous studies, the ocean zooplankton community was characterized by

neritic holoplanktonic species, principally copepods (Figure E-2).

Copepods, which were most prevalent at the surface, were abundant

throughout the sampling period and were the dominant zooplankton group at

both surface and bottom depths. This group represented 40 to 86 percent

of the zooplankton at ocean stations and composed at least 50 percent of

the zooplankton community during every collection period, except March.

During March, polychaete larvae were quite abundant at the bottom at

ocean Stations 0, 1, 2 and 4, while urochordates were abundant at the

bottom at Stations 0,1 and 2. Copepods and urochordates have charac-

teristically been major contributors to the holoplanktonic zooplankton

community throughout monitoring at the St. Lucie Plant.

Paracalanus and Acartia were typically the most abundant copepod
'

genera collected during baseline and previous operational phase studies.

Paracalanus was 'the most abundant copepod during January, March and April

1982, while Acartia was the most prevalent copepod in February. Other:

i copepod species which were major contributors to the zooplankton

community during previous studies and in 1982 included Temora turbinata,

Labidocera aestiva, Corycaeus spp., Euterpina acutifrons and Oithona spp.

Both T. turbinata and L. aestiva were_ consistently abundant among sta-

tions and collection periods.
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Urochordates were the second most important holoplanktonic zooplank-

ton group with respect to abundance and frequency of occurrence. This

group was abundant at either surface or bottom depths at ocean stations

throughout the sampling period (Figure E-1; Tables E-1 through E-5). The

urochordates were represented primarily by the two larvaceans,

Oikopleura, which was most common throughout the sampling period, and

Fritillaria.

Other holoplankters which were major contributors to the ocean

zooplankton community during 1982 and in previous study years included

the sergestid shrimp Lucifer sp., and the ostracod Conchoecia elegans,

which is the most common planktonic marine ostracod. Ostracods were most

prevalent at the bottom at Stations 2, 3 and 4 (Figure E-1), where they

represented 14 to 32 percent of the total zooplankton in January and 12

to 31 percent in March (Tables E-1 and E-3).

Meroplanktonic groups were occasionally major contributors to the

zooplarikton community between January and May. As in previous studies,

the more important meroplanktonic representatives included barnacle

nauplii and polychaete, mollusc and decapod larvae. Echinoderm larvae

and crustacean nauplii were also major contributors to the zooplankton at

the surface in May. These meroplanktonic groups generally exhibited

patchy distributions among depths and stations. Barnacle, polychaete and

decapod groups were most abundant at bottom depths. Echinoderm larvae

accounted for 50 percent of the total zooplankton at the surface at

Station 5 in May, but generally represented less than six percent of the

total zooplankton.
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Zooplankton composition throug'nout the 1982 sampling period was

typical of that observed over similar sampling periods in previous moni-

toring years. No major changes in species composition or abundance, indi-
' cative of adverse power plant operational effects, have been observed at

ocean stations.

As in previous studies, species composition in the canals vat *ed

somewhat from that at ocean stations. Urochordates and copepods were

less abundant in the canals than at ocean stations, while mollusc larvae

were relatively more abundant than at ocean stations. The major

zooplankton groups in the canals were copepods, barnacle nauplii and

mollusc larvae. These three groups, which have typically been dominant

in the canals, represented more than 60 percent of the total zooplankton
|

| over the 1982 sampling period.

1

Density Trends

Throughout monitoring studies at the St. Lucie Plant, peaks in

zooplankton density at ocean stations have been observed in spring (March

or April) and/or and late summer (July, August or September; Figure E-3).
1

: Between January and May 1982, monthly zooplankton density was highest in

March. Average zooplankton density in March was the highest recorded

since monitoring began at the St. Lucie Plant. The high densities were

not attributable to a single group but rather resulted from increased

densities of copepods, ostracods and urochordates at most ocean stations

along with increased polychaete and decapod larvae at some of the ocean

stations (Table E-3). In general, the ranges in zooplankton density were
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consistent with those observed during previous monitoring studies at the

St. Lucie Plant (Figures E-3 and E-4), and were generally similar to

ranges reported for other Florida waters (Grice,1957; Owre and Foyo,

1967; Reeve,1970).

Overall, zooplankton density was slightly greater at bottom depths

than at the surface between 1976 and 1981. This trend continued in 1982,

when zooplankton densities ranged frca 467/m3 at the surface at Station 4
in February to 41,391/m3 at the bottom at Station 0 in March. The high

density at Station 0 resulted from exceptionally high densities of

polychaete larvae and barnacle nauplii as compared to other ocean sta-

tions in March.

The temporal and spatial trends in zooplankton density were also

reflected in the biomass variation at ocean stations between January and

May 1982. Zooplankton biomass at ocean stations ranged from 1.8 mg/m3 at
3the surface to 216.1 mg/m at the bottom during the sampling period

(Table E-6). Average biomass was highest in May and somewhat higher at

bottom depths than at the surface over the sampling period.

Temporal and spatial variations in zooplankton abundance are normal

responses to changing environmental conditions. Youngbluth (1980) found

that variation in zooplankcon composition and density was related to

changes in water circulation, seasonal rainfall and diel behavior. Vidal

(1980) observed fluctuations 'in the distribution and rates of recruit-

ment, growth and mortality of various species resulting from changes 'in

biotic and abiotic factors.

E-9
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Canal Station Comparisons

Zooplankton densities in the intake canal have typically been

greater than those in the discharge canal, although these differences

have not been statistically significant. The overall reduction in
!

zooplankton densities between the intake and discharge canals observed

during previous studies was attributed to the loss of organisms upon

pascage through the plant (ABI,1982). During the January to May 1982

sampling period, both zooplankton density and biomass were generally

higher in the discharge canal (Tables E-6 and E-7; Figure E-5). There

was no apparent relationship between change in water temperature and

change in zooplankton density between the canals. However, the lowest

ambient water temperatures are generally encountered between January and

May. In 1981, the largest reductions in zooplankton density between the

intake and discharge canals occurred between June and October, when

ambient water temperatures are highest.

Densities of urochordates, coelenterates and mollusc larvae were

generally reduced between the intake and discharge canals during 1982.

Reduced zooplankton density in the discharge canal in March was primarily.

because of reduced abundance of urochordates and decapod larvae. Higher

densities in the discharge canal in February, April and May were

generally attributable to greater abundance of copepods and barnacle

nauplii, although most zooplankton groups exhibited higher densities in

the discharge canal in May when the plant was in a limited operational

mode.
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Fluctuations in zooplankton density and composition between the

canal stations has typically been observed and result from interactions

between physicochemical parameters and biotic factors as well as from

plant related effects. Reductions in zooplankton density between the

intake and discharge canals typically result from mortality due to tur-

bulence, elevated water temperatures and mechanical stress associated

with plant passage. However, during periods of limited plant operation,

when water temperature and turbulence are reduced, zooplankton popula-

tions may increase in the discharge canals because zooplankters are

opportunistic organisms which respond to improved environmental con-

ditions through rapid increases in population.

Ocean Station Comparisons

As in previous monitoring, zooplankton density and biomass in 1982

were generally greatest at Stations 0, I and 5 (Tables E-1 through E-6).

Stations located nearest Hutchinson Island (Stations 0 and 1) have typi-

cally been more productive than stations further offshore (Stations 2, 3

and 4). This differential productivity is likely related to the greater
'

food availability in the nearshore area along Hutchinson Island.

Between January and May 1982,' zooplankton abundance at Station 1 was

not as great, relative to that at other ocean stations, as in previous
study years. This was largely because of differences among the ocean

stations in March, the peak productivity - period, when peak densities

observed at ocean Stations 0, 2, 4 and 5 were greater than at Station 1.

Although zooplankton composition was generally similar among these sta-
k
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tions in March, densities of copepods, chaetognaths, polychaete and deca-

pod larvae at Station 0 and of copepods and decapod larvae at Station 5

were considerably greater than at Station 1.

It is not known whether the trend in density over the remainder of

the year would have shown enhanced zooplankton abundance at Station 1 as

had been observed in previous study years. However, there were no con-

sistent differences in zooplankton abundance or composition among ocean

stations from January through May 1982 that would indicate adverse

influence from the ocean discharge at the St. Lucie Plant.

Baseline Versus Operational Study Comparisons

Data collected between January and May 1982 showed consistent simi-

larities with baseline and previous operational studies. Holoplanktonic

species dominated the zooplankton community and adult copepods were the

most abundant zooplankton group. The calanoid copepod Paracalanus was

one of the dominant copepod taxa recorded and has been observed in all

zooplankton collections in the St. Lucie Plant study area. Other impor-

tant copepod genera, which have frequently occurred in both baseline and

operational studies, were Acartia, Temora, Oithona, Labidacera and

Euterpina. Zooplankters that occurred seasonally during all study years

and which were important in 1982 included the larvacean Oikopleura,

mollusc and echinoderm larvae, coelenterates, the cladoceran Evadne, the

ostracod _ Conchoecia, and barnacle nauplii. Zooplankton densities. from

January through May 1982 were generally within the ranges observed over

comparable sampling periods during baseline and previous operational

monitoring.
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SUMMARY

Zooplankton composition between January and May 1982 was typical of

that during similar sampling periods in previous studies. The ocean

zooplankton community was characterized by neritic holoplanktonic spe-

cies. As in previous studies, copepods were the dominant zooplankton

group and the most important copepods were Paracalanus spp., Acartia

spp., Temora turbinata and Labidocera aestiva. Holoplanktonic urochor-

dates, principally represented by the larvaceans Oikopleura and

Fritillaria, were the second most important zooplankton group.

Meroplanktonic groups, which were major contributors to the zooplankton

during brief periods, included barnacle and crustacean nauplii,

polychaete, mollusc, decapod and echinoderm larvae. Major changes in

zooplankton composition, which would indicate adverse power plant opera-

tion effects, have not been observed at ocean stations. Zooplankton com-

position in the canals varied somewhat from that at ocean stations, but

was typical of the composition observed during previous studies.

The characteristic spring peak in zooplankton density occurred at

ocean stations in March 1982, when average density _was the highest

recorded since monitoring began at the St. Lucie Plant. The high den-

sities resulted from a general increase in the densities of several

zooplankton groups. In general, the ranges in zooplankton density bet-

ween January and May were consistent with data from previous monitoring

studies at the St. Lucie Plant.

E-13 '
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Fluctuations in zooplankton density and composition between the

intake and discharge canals have typically been observed and result from

interactions between physicochemical parameters and biotic factors as

well as from plant related effects. Between January and May, when the

lowest ambient water temperatures typically occur, both zooplankton den-

sity and biomass were generally higher in the discharge canal.

Zooplankton density and biomass were generally greater during the

years of environmental monitoring at nearshore ocean Stations 0 and 1,

which have typically been more productive than stations further offshore.

Over the five month sampling period in 1982, however, zooplankton abun-

dance was not as great at Station 1, relative to the other ocean sta-

tions. The low average density at Station 1 resulted from the relatively

low density at this station in March, the peak productivity period, when

peak densities at ocean Stations 0, 2, 4 and 5 were greater than those at

Station 1. It is not known whether the density trend over the remainder

of 1982 would have resulted in higher average density at Station 1. The

1982 data were generally consistent with those observed during previous

baseline and operational studies. There were no consistent differences

in . zooplankton density and composition among ocean stations which indi-

cates that there were no adverse influences resulting from ocean
discharge at the St. Lucie Plant.

.
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Figure E-1. Location of zooplankton sampling stations, St. Lucie Plant,1982.
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St. Lucie Plant, March 1976 - May 1982.
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TAB.E E-6

200 PLANKTON BIOMASS (eg/e')
ST. LUCIE PLANT

1982

*
Station and depth

11 12 0 1 2 3 4 5

D[4 0 0 S B I S B 7 S B 7 S B I S B 7 S B 7

. ., . 20 3an~ 1.45 1.83 8.93 12.49 10.91 21.96 7.48 29.% 16.96 71.55 44.25 8.53 24.78 14.65 8.56 29.53 19.04 3.95 23.93 13.94

-24 Feb' 1.09-- 8.88 2.64 9.6A-- 6.14 5.82 13.06 9.4 1.96 2.68 2.32 2.33 17.71 10.02 1.78 3.60 2.69 2.16 16.06 9.11
9

17 Mar 10.53 2.60 52.87 216.09 1%.48 40.25 117.19 78.72 63.72 177.75 ~120.73 39.45 ?1.63 65.54 68.92 130.25 99.58 71.54 62.23 66.88

14 Apr 6.27 8.51 99.48,-)8.69 69.08 40.47 15.93 28.20 ' 8.37 17.71 ' 13.04 10.16 5.66 7.91 11.20 17.69 14.M 28.67 37.00 32.831

#
18 May 0.64 6.65 6.72 6.55 6.63 .,7.22 3.87 5.54 7.52 10.12 8.82 9.66 10.12 9.89 5.81 16.01 13.91 3. *,0 10.22 6.81r /m - *

/

M a0 = oblique tool.S = surfacet 8.= bottom.
, ?

-

.. I-

.e
/

1- b
yd,* , , -*,

.h, ( . ,

,

J
'

,.

<!

.~ r

- - _ _ _ _ _ .? $ ?' _ _ _ _ _ _ _



,

.

1

, TABLE E-7-

COMPARIS0N OF ZOOPLANKTON DENSITY AND WATER TEMPERATURE

IN THE INTAKE (STATI0li 11) AND DISCHARGE (STATION 12) CANALS
ST. LUCIE PLANTo

i

1982 l
'

;

Temperature (*C) Zooplankton density (no./m )
- Percentage

Date Intake Discharge AT(*C) Intake Discharge change (%)a

20 Jan 22.1 33.7 +11.6 560.0 513.4 -8.3

24 Feb 19.9 32.4 +12.5 320.6 '471.7 +47.1

17 Mar 23.1 35.3 +12.2 716.2 496.6 -30.7

14 Apr 22.8 35.6 +12.8 1505.2 3546.6 +135.6
b18 May 25.0 25.2 +0.2 53.8 175.3 +225.8

a :rcentage change = Discharge-Intake x 100P
Intake

b
Plant down or in limited operational capacity only.

'
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F. AQUATIC MACR 0PHYTES

$

,

Environmental Technical Specification (Section 3.1.B.d.; deleted

May1982). '

, ,

,,

Macrophytes - Macroscopic aquatic vegetation will
be collected quarterly and identified as to species

'i and abundance.
'

,

I
INTRODUCTION

The community of macroscopic algae present in the ocean adjacent to

the St. Lucie Plant has been monitored from 1976 through the first
quarter of 1982. The purpose of the macrophyte sampling program was to

determine if operation of the St. Lucie Plant has affected community com-

position and distribution. In areas exposed to power plant effluents,.

temperature increases toward lethal limits have resulted in reduced

macrophyte coverage and changes in species composition (Patrick,1974;

Thorhaug et al., 1978). The NPDES required studies do not include

macrophyte monitoring and this study component was therefore terminated

in May 1982.4

:
*

'

MATERIALS AND METHODS
i

Aquatic macrophytes were collected in March 1982 at each of six
'

ocean stations (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 surface area

2sampled. The area sampled at each station was approximately 190 m ,.

F-1
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Attached macrophytes were scraped from shell and rock surfaces and

sorted in the laboratory. The algae were identified to the lowest prac-
tical taxon and species lists were prepared for each sample.

Representative material was retained for voucher specimens.

RESULTS AND DISCUSSION

In March 1982, 16 species of marine algae were collected at the six

stations (Figure F-2). The Rhodophyta (red algae) composed 62.5 percent

(10 species) of those collected. Of the remaining species, 25 percent (4

species) were Phaeophyta (brown algae) and 12.5 percent were Chlorophyta

(green algae). Species composition for each station is given in Table
F-1.

Spatial and temporal trends in the composition, abundance and

distribution of marine algae which have occurred in all study years from
1976 to 1981 (ABI, 1977-1982) were also observed in March 1982.

Generally, algal diversities and abundances have been lower in the winter

and spring than in the summer and fall. This is usually true for marine

plants in a subtropical zone such as HutcMnson Island (Phillips,1961).

More algae were collected at Staticns 0 and 1, closest to the beach,

than at the other stations. The majority of these algae were not

attached but detached or drift algae. The fine sand sediments at

Stations 0 and 1 do not offer a suitable substrate for attached forms. }
IDrift algae are a seasonal aspect of the summer and fall flora at
1

|Hutchinson Island and collections at nearby worm reefs suggest that drift
!

algae found at the nearshore stations probably came from these adjacent

F-2
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reefs (Moffler and Van Breedveld,1975). Additionally, several species l

collected are typically estuarine, making the Indian River and nearby

inlets another likely source. Drift algae may also originate on offshore

reefs, but the algae on these reefs have been investigated little. Wind i

and wave action move these drift alc into the study area where they are '

washed up onto the beach terrace. Their accumulation in this shallower.

water probably accounts for their abundance at Stations 0 and 1.

Attached algae were found on broken mollusc shell pieces, the major

component of the shell hash sediments at Stations 2, 4 and 5. They

usually consisted of only small plant fragments and had an insignificant

biomass when compared to that of the drift algae. Little or no algae

were collected at Station 3, the most seaward station. The loose sand

sediment here was as unsuitable for algal attachment as that at Stations

0 and 1.

a

! Members of the Rhodophyta have dominated the macrophyte collections
!
'

each sampling period. The most commonly collected genera have been

: Gracilaria, Hypnea Chondria, Ceramium and Solieria. A majority of the
i

algae in the world are red algae and they predominate in lower latitude

j regions (Dawson,1966). This accounts for their dominance in the study

{ area. The brown algae and the green algae have contributed less to com-

munity diversity .and abundance. Sargassum, Dictyota and Spatoglossum '

: were the most frequently _ encountered genera of the brown algae and-

Codium, Cladophora and Caulerpa of the green alga ~e. Most green algae are

freshwater forms while brown algae, an almost ' strictly. marine group, arei

the dominant fonns in high latitude seas.

F -3
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'
SUMMARY

The lack of stable, hard substrate for algal attachment limits the

occurrence of benthic macrophytes in the study area. Attached benthic

algae consist primarily of small plants or fragments on pieces of shell

and rock. Therefore, the importance of this community as primary produ-

cers in the study area is minor.
:
<

General trends in species diversity and abundance over different

sampling periods and among stations have been observed throughout the

6-year study period. More algae were collected in June and September,

primarily because of the seasonal appearance of drift algae whose origin

is outside the study area. More algae also were collected at stations on

the beach terrace where drift algae tend to accumulate. No effects of

power plant operation on this marine conmunity have been observed.

:

;

I

l
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TABLE F-1

MACR 0PHYTE SPECIES COLLECTED AT OCEAN STATIONS
ST. LUCIE PLANT

MARCH 1982

Station
Species 0 1 2 3 4 5

CHLOR 0PHYTA(greenalgae)
Cladophoropsis membronocea X
Codium decorticatum X

PHAE 0PHYTA(brownalgae)
Dictyopteris delicatula X
Dictyota sp. X X X
Sargassum sp. X X
Spatoglossum schroederi X X

RH000PHYTA (red algae)
Botyocladia occidentalis X X
Bryothamnion seaforthii X X
Chondria tenuissima X X X
Grac11 aria verrucosa X
Gracilaria sp. X X
Hypnea musciformis X X X
Hypnea sp. X X
Laurencia papillosa X X
Laurencia sp. X
Solieria tenera X X X

!
;

)

i
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G. WATER QUALITY

INTRODUCTION

Environmental Technical Specification (Section 3.1.B.e.; deleted May

1982)

Water Qual?ty - Analysis will_ be made on water sam-
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 the St. Lucie Plant and within the

intake and discharge canals immediately adjacent to the plant. The pur-

pose of monitoring theso parameters was to 1) determine if selected phy-

sical and chemical parameters of the water discharged by the plant were

significantly different from ocean waters, 2) provide a mare unified

view of the ocean habitat than would be obtained from sampling only the

biotic components of the area and 3) examine the relationships between

the abiotic and biotic components of the aquatic environment.

PHYSICAL PARAMETERS

Materials and Methods

Physical oceanographic parameters measured at designated ocean sta-
1

tions (0 through 5; Figure G-1) at surface,' middle and bottom depths were

water temperature, salinity, _ dissolved Oxygen, turbidity and light

G-1
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transmittance (Table G-1). Wind direction and velocity and general

weather conditions were also determined at the ocean 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 bottom depths in the intake canal and

at the surface in the discharge canal. Physical parameters were measured

monthly for all stations from January through May 1982 at the same time

that sampling for phytoplankton and chemical parameters was being con-

ducted.

Water Temperature

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.,

Salinity

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 Goldberg; temperature compensating). Both

instruments were precalibrated using stock solutions containing known

sea-salt concentrations. Data were recorded in parts per thousand.

Dissolved oxygen

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 nii igrams

per liter.

G-2
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Turbidity

Turbidity was measured with a Hellige turbidimeter. Turbidity was

measured as a function of light attenuation over a fixed path length, as

recomended by the EPA (1974). Turbidity was recorded in Fonnazine

Turbidity Units (FTU).

Light Transmittance

Light transmittance (luminosity) was measured at the ocean stations

with an Interocean Marine Illuminance Meter Model 510. Incident solar

radiation at the surface and at various depths was recorded as luminosity

in lux units (1 lux = 0.09 foot-candles).

Other Physical Parameters

Other physical parameters were measured when pertinent to the eco-

I logical investigations. Wind direction and velocity were recorded

according to Marine Forecast reports issued by the National Oceanographic

and Atmospheric Administration, U.S. Weather Bureau. Other weather con-

ditions were expressed as clear, partly cloudy, rainy or by similar
descriptors . Data on weather conditions, as well as those obtained on

tidal cycles and lunar phases, are maintained in the laboratory and are

not included in this report.

Data Analysis

Collection of physical parameters in conjunction with plankton were
terminated in May 1982. This precluded meaningful statistical com-

parisons of the annual data from previous years (12-month periods) with
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the partial data available from 1982 (5-month period). The 1982 data

were qualitatively compared to prior data from comparable operational

phase monitoring periods.

Results and Discussion

Water Temperature

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
a ffec if temperatures shift too far or too rapidly. For example.

| massive mortalities of fishes have occurred in Florida during unusually

cold winters (Snelson and Bradley,1978). Organisms can be similarly

affected by unusually warm conditions; this is pertinent to th? present
'

study, because the St. Lucie Plant discharges water offshore at tempera-
i
'

tures generally higher than the receiving waters.

Ocean water temperatures within the study area are appreciably

moderated by the proximity of the Gulf Stream which periodically flows to

' within 19 km of the St. Lucie Power Plant. Periodically, spin-off eddies
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from the Gulf Stream .and intrusions of colder offshore bottom water

measurably modify ambient thermal regimes (ABI 1980a).2

1
Water temperatures measured during the 1982 sampling period ranged

from 19.8' to 25.2*C at the ocean stations, from 19.9* to 25.I'C in the

intake canal, and from 25.2* to 35.6*C in the discharge canal (Table

G-2). Water temperatures in the discharge canal (Station 12) were high

enough (>32*C), except in May when the plant was in a limited operational

mode, to approach or exceed levels considered to be upper tolerance

limits for much of the local (indigenous) fauna. Nevertheless, these

L high temperatures were not found at the ocean discharge (Station 1)

because of rapid heat dissipation at the discharge diffuser (Table G-3).

The Y-port diffuser was not in use during all of the 5 months of 1982

sampling; however, this rapid heat dissipation had been evident during
'

previous monitoring years when the diffuser was in continuous use.

As expected, mean water temperature in the discharge canal was

several degrees higher than that in the intake canal- or at Control

Station 0. However, there were no notable differences in water tem-

peratures among the six-' ocean stations -(Table G-3). The range in water

temperature at . ocean Station 1 was 'actually slightly lower than that at

control Station 0 during the January to May sampling period (Table G-2).

Water temperatures were slightly cooler in February than in January.

This was also observed in 1981 when water temperatures in -March were

. slightly cooler than in February (ABI,1982). The overall -trend in. water -

1 temperature reflected the seasonal warming observed during previous.moni-
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toring at the St. Lucie Plant. The only evident water temperature strat-
I

ification over the 1982 sampling period occurred in March, when bottom

water temperatures were 0.4' to 0.8'C lower than at the surface. This

was most evident at the deeper ocean stations (0, 2, 4 and 5).
Generally, currents and wave-induced turbulence, primary fonns of physi-

i

!

cal disturbance near the plant, cause homogeneity of water temperatures

{ throughout the water column.

Salinity

Salinity, or the salt content of the water, is the chief factor that

causes marine life to be distinct from other faunal assemblages. Because

of the salt, the ocean provides a medium that is 1) similar to salt
concentrations in internal body fluids, thereby limiting the necessity

for salt regulatory mechanisms, and 2) of high density, which is

important to swimming forms and to those that depend entirely on the

water to support their weight. As is the case with temperature limits,

animals in the sea are also bound by salinity limits. Animals sensitive

to relatively small salinity changes are particularly characteristic of

deep water and the open sea, where salinity ranges only from 34 to 36
(

ppt. Those animals with a high degree of tolerance are characteristic of

the coastal regions, lagoons and estua ries , where wide salinity

variations occur.

Salinities within the study area are typically representative of

oceanic conditions, generally fluctuating between 34 and 36 ppt (Worth

and Hollinger, 1977). Except for precipitation, the only freshwater

G-6
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inputs are from the Ft. Pierce and St. Lucie Inlets,14.5 and 21.5 km,'

i

respectively, from the plant site. During the rainy summer months

f (June-September) freshwater runoff entering the Atlantic Ocean from the
'

inlets may influence salinity regimes near the plant if long-sho re
!

currents are favorable. Such deviations from typical oceanic salinity

j are short-lived, usually not persisting for more than a few days (Worth

and Hollinger,1977). Within the oceanic water column, haloclines are

rare, and when they do exist, they are of short duration.

4

The salintties measured at the St. Lucie Plant, both in the ocean

j and in the canals, were in the narrow range of 34.5 to 36.6 ppt (Table

| G-2). The lowest salinity occurred in the intake canal (Station 11),

while the highest salinity was recorded at ocean Station 4 in January and
J

ocean Station 0 in March (Table G-4). As expected, this salinity range
i is more characteristic of the open sea than of a nearshore location.
.

This results from the plant's location relatively far from sources of
'

freshwater input.

i

Oxygen

Oxygen is indispensable for the maintenance of life processes in all

organisms, with the notable exception of anaerobic bacteria. Oxygen is
1

available for the normal metabolic activities of aquatic organisms only-

when it is in solution in a free state. Free oxygen is similar to carbon
'

dioxide (necessary for photosynthesis) in being one of the. two most

important dissolved gases in the sea. Oxygen is seldom a detemining

factor. in the distribution . and abundance of most marine life, however,

because it is generally well supplied throughout the oceans'.
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Dissolved oxygen concentrations were typically higher at surface as

compared to bottom stations. The ranges in dissolved oxygen at all sta-

tions during the 1982 sampling period were slightly higher than the

annual ranges from previous studies because generally greater mixing and

lower water temperatures during the early part of the year (January-May)

result in higher dissolved oxygen concentrations. Oxygen solubility is

higher at lower water temperatures. Dissolved oxygen values ranged from

6.9 to 8.5 mg/ liter at the ocean stations (Table G-2). The ranges at

ocean stations (Table G-5) were similar to those from comparable periods

during previous operational monitoring. There were no notable differen-

ces among ocean stations. Measurements in the intake canal ranged from

6.1 to 9.2 mg/ liter, while concentrations in the discharge canal ranged

from 6.2 to 7.9 mg/ liter. Dissolved oxygen was lowest in the discharge

canal because of the higher water temperatures, which decrease oxygen

solubility, and the range in dissolved oxygen was generally greater in

the intake canal than at ocean stations because of the more variable con-

ditions within the intake canal. However, concentrations at all' stations

exceeded the minimum requirements of the indigenous aquatic biota.

Turbidity

Turbidity, which affects the clarity of seawater, reflects the pre-

sence 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

suspended materials. Turbidity may be a direct limiting factor to cer-

tain animals, such as filter feeders that strain food from the water. It
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is more often an indirect limiting factor, however, because it restricts

light penetration through he water column and, in this way, limits
:

growth and reproduction of phytoplankton in the deeper waters where light

would otherwise penetrate.

As expected, turbidity was generally higher at bottom stations than

at surface stations. Turbidity measurements at the six ocean stations

ranged from 0.0 to 8.5 FTU (Table G-2). Turbidities were generally simi-

lar at ocean control Station 0 and at ocean Station 1, in the immediate

vicinity of the ocean discharge. As in previous studies, turbidity at

these two near-shore stations, where wave action is greatest, was typi-

cally higher than at ocean stations further from shore (Table G-6).

Plankton densities have also been greater at these two stations and

higher numbers of plankters in the water column also contribute to higher

turbidity at these stations. Turbidity in the intake canal ranged from

0.1 to 4.9 Flu and from 0.7 to 4.9 FTU in the discharge canal.
Turbidities were slightly higher in the canals than offshore because of

higher phytoplankton standing crop and turbulence which suspends par-

ticulates in the water column.

Light

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

directly or indirectly depend for their nourishment. Considering this

; tremendous importance, it is noteworthy that light sufficient for photo-

. synthesis extends from the surface only to a depth of about 80 m.t
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Light transmittance measured at the six ocean stations ranged from
|

<1 to 750 lux (Table G-2). The upper range was slightly lower than pre-

viously reported ane.al ranges because maximum incident solar radiation
4

would not occur ut.cil af ter May. The considerable variation in light

transmittance reflected such light-influencing factors as turbidity in

the water, wave action, cloud cover, time of day, season and depth.

Light transmittance (the amount of available light in the water column)

at the near-shore stations was frequently lower than that at stations

further from shore (Stations 3 and 4), reflecting the inverse of the

trend observed for turbidity (Table G-7). With the exception of the

expected decrease in light with increased depth and proximity to shore,

no consistent patterns of light transmittance were apparent at the ocean

stations. It is doubtful if light reduction would ever exclude photo-

synthetic processes offshore Hutchinson Island because the water there is

so shallow.

CHEMICAL PARAMETERS

Materials and Methods

Chemical parameters measured during the study were total organic

carbon and the nutrients ammonia nitrogen, nitrate nitrogen, nitrite

nitrogen, silicates and orthophosphate. These parameters were measured

from samples collected monthly from January through May 1982 at ocean

Stations 0 through 5, intake canal Station 11 and discharge canal Station

12 (Figure G-1; Table G-1). Ocean 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
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were obtained either by pumping or with a Niskin bottle; surface samples
were obtained directly. Water samples to be analyzed for ammonia nitro-
gen, nitrate nitrogen, nitrite nitrogen, reactive silica and

orthophosphate were passed through 0.45-p membrane filters, placed in

acid-washed polyethylene bottles and frozen. Water samples to be ana-

lyzed 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 chemical parame-

ters (Table G-8) appear in either the Environmental Protection Agency

manual (EPA, 1979) or the American Public Health Association manual
(APHA, 1980). Each chemical parameter was independently compared over

the sampling period. Stations 0 through 5 were compared to detect dif-

ferences among ocean stations. Nutrient concentrations measured in the

intake and discharge canals were compared to those at control Station 0

to determine nutrient differences between the canals and ocean. The par-

tial data available for 1982 were compared to previous operational data

from comparable time periods as described in the Data Analysis section

for physical parameters."

Results and Discussion

Nutrients such as the forms of inorganic nitrogen, silicates and

phosphates are essential for the growth of phytoplankton populations
(Yentsch, 1962) . Since phytoplankton provides the basis for the ocean

food chain, upon which all higher forms subsist either di rectly or
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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). Nutrient con-

centrations in nearshore localities are usually homogeneous because of

mixing from turbulence induced by winds or currents (Bowden, 1970).

However, runoff from the land can have substantial effects on nutrient

concentration and additional variability may be caused by biological tur-

nover rates. Biological turnover is the process in which nutrients are

assimilated by aquatic organisms during growth and population expansion

and released following death and decomposition of the organisms.

Nitrogen

Nitrogen, an essential constituent of living matter, is found within

organic compounds both in organisms and in particulate and dissolved

organic material . It occurs within seawater as ammonia (NH -N), nitrate3

(NO -N)- and nitrite (N0 -N), in many organic compounds, and as free3 2

dissolved nitrogen gas. Only the first three nitrogen fonns are measured

extensively in environmental monitoring studies.

Concentrations measured at the ocean stations during 19G2 ranged

from <0.01 to 0.11 mg/ liter for ammonia nitrogen, 0.003 to 0.099 mg/ liter

G-12
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for nitrate nitrogen, and 0.001 to 0.018 mg/ liter for nitrite nitrogen

(Table G-9). Complete data by collection period are contained in Tables

G-10 through G-14. In previous studies, peak nutrient values were

generally observed in the early part of the year. This is expected

because nutrients are recycled and typically accrue over the winter when

productivity is low and decrease in concentration through spring and

early suaner as productivity increases. The nitrogeneous nutrients

generally decreased from January or February through May 1982 in response

to increasing phytoplankton productivity. Ammonia and nitrite nitrogen

concentrations in the canals were somewhat higher than at ocean stations.

As in 1981 (ABI,1982), there were no consistent differences in nitrogen

compound concentrations among ocean stations or between canal stations

which would indicate influence from plant operation.

Silicon

Silicon is monitored because it is utilized by diatoms, which are

the predominant phytoplankters off the St. Lucie Plant. Silicate-silicon
(SiO -Si) concentrations measured during 1982 at the ocean stations2

ranged from <0.02 to 0.19 mg/ liter (Table G-9). Reactive silica con-

centrations during the January-May collection period were low, as com-

pared to annual ranges, because the highest silica concentrations have

generally been observed later in the year. Concentrations were similar

among ocean stations and lower than concentrations in the canals.

Phosphorus

Phosphorus is present in sea water primarily in the form of various
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types of phosphate and is an essential constituent of living omanisms.

In addition to the nitrogen and silicon compounds, phosphate-phosphorus

has been considered one of the substances that may limit production of

plant life (Sverdrup et al .,1942). Orthophosphate (PO -P) concentra-4

tions measured at the St. Lucie Plant between January and May 1982 were

generally less than 0.01 mg/ liter (Table G-9). There were no notable

differences among phosphate values either among the ocean stations or

among the intake canal, discharge canal and control station.

Total Organic Carbon

Total organic carbon (TOC) is the sum of the suspended omanic car-

bon and the dissolved organic carbon in the water. It includes carbon in

detritus, within living organisms such as the phytoplankton, and carbon

dissolved in the water and available for use by organisms. Because dif-

ferent water masses can vary considerably in levels of organic produc-

tien, TOC levels may also vary. TOC concentrations at stations off the

St. Lucie Plant during 1982 ranged from 1.2 to 11.8 mg/ liter (Table G-9).

The TOC values at the canal stations (1.7 to 7.0 mg/ liter) were in the

same general range as at the ocean stations, although average TOC con-

centration was slightly lower in the canals and at ocean Station 1 than

at most other ocean stations. However, the average concentration at

Station 1 was within the range of average concentrations observed at the

other ocean stations. Average TOC concentration at ocean Station 3

(Figure G-1) was higher than at most other ocean stations during the 1982

sampling period as it had been in 1982 (ABI,1982). This was primarily

due to high TOC concentrations at the surface and mid-depth in January,

although the reason for the high concentrations was not evident.

G-14
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Comparison of 1982 Chemistry Data to 1976-1981 Operational Monitoring
and 1972-1973 Baseline Data

The ranges and means of nutrient concentrations recorded at ocean

Stations 0 through 5 during the 1976-1982 operational monitoring (ABI,

1977, 1978,1979,1980b,1981, 1982 and the present study) and Stations 1

through 5 during the 1972-1973 baseline study (Worth and Hollinger,1977)

are shown in Figures G-2 through G-6. The 1982 means represent only five ;

months of data. The baseline study, which was perfomed from February

1972 to August 1973, monitored the same nutrients as the current study
with the exception of TOC.

Mean amonia concentrations for the six years of environmental moni-

toring ranged from 0.014 to 0.125 mg/ liter (Figure G-2). The 1982 mean

ammonia concentration of 0.050 mg/ liter was at about the mid-point of
this range. Ammonia concentrations were higher during the years of

operational monitoring than during the baseline study, with the exception

of the 1980 study year. There was no apparent explanation for the lower

amonia values reported in the baseline study and 1980 monitoring.

However, the similarity in ammonia concentration between the control and

other ocean stations shows that operation of the St. Lucie Plant is not

the cause of the difference.

Nitrate concentrations measured during operational monitoring and

the baseline studies fluctuated considerably (Figure G-3). The mean

values were generally in the same range except in 1976 and 1981 when

nitrate values were higher. The exceptionally high values in 1976 were

probably caused by sample techniques that have since been shown to be
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inadequate. The high nitrate values in 1981 likely resulted from
)

construction of the second dis, charge pipe, which would have disturbed the i

|

bottom sediments, releasing nitrates. The mean value for 1982 is likely

higher because the January through May sampling encompassed the period

when characteristically higher nitrate concentrations occur and the lower

values which typically occur in late summer were not included in the
mean.

Nitrite concentrations also varied considerably during baseline and

operational monitoring (Figure G-4). Mean nitrite values were fairly

uniform during the first five years of operational monitoring and

slightly below the mean reported for the baseline study. The mean

nitrite value for 1981 was considerably higher than earlier years. As

with nitrates, the high 1981 nitrite values are likely the result of

sediment disturbance caused by construction of the second discharge pipe

and the high 1982 mean likely results from the partial year's data.

Mean silica concentrations ranged from 0.26 mg/litar in 1976 down to

0.03 mg/ liter in 1979 and back up to 0.20 mg/ liter in 1981 (Figure G-5).

The mean reactive silica concentration in 1982 was similar to that during

baseline monitoring and within the range of means observed over previous

operational monitoring. The 1982 mean would likely be slightly higher,

if based on a full year's data, because the higher concentrations which

characteristically occur late in the year were not represented in the
January-May mean. Silica measurements vary considerably both within and
among years. This variation is primarily related to changes in climatic

G-16
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conditions and cycling of silicates by phytoplankton. The ranges and

trends shown in silica values reported for the St. Lucie Plant (Figure

G-5) are considered usual.

Orthophosphate concentrations were similar during operational moni-

toring years with most of the values below the detection limit of 0.01

mg/ liter. The highest value measured during operational monitoring (0.14

mg/ liter) was considerably below the highest concentration reported

during the baseline study (>1.40 mg/ liter; ABI,1981). Reasons for the

high concentration during the baseline 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.

Mean total organic carbon concentrations at the ocean stations have

decreased from 1976 and 1977 to the relatively narrow range of 2 to 5

mg/ liter in subsequent years (Figure G-6). The reasons for this trend in

ocean TOC concentrations are not apparent. However, it should be noted

that, even though TOC concentrations were lower in latter than in earlier

years, phytoplankton and zooplankton standing crop did not decrease

during this period (Sections D. Phytoplankton and E. Zooplankton). TOC

concentrations were not measured during the baseline study.

SUMMARY

There were no notable differences in water temperature, dissolved

oxygen or turbidity among the six ocean sampling stations which would

G-17
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indicate the influence of plant operation. As expected, mean water tem-

perature in the discharge canal was higher than at the ocean control sta-

tion. However, these high temperatures were not found at the ocean

discharge station because of rapid heat dissipation. The differences in

physical parameters among the various ocean stations were generally

j attributable to natural environmental influences.

Nutrients in the marine environment adjacent to the plant were;

'

dispersed homogeneously among stations but varied with the time of year.

There were some annual differences in nutrient values over the years of

operational and baseline studies although, overall, nutrient con-
centrations among years were similar. Analysis of nutrient con-

centrations indicated that plant operation had no significant effects on

the nutrients measured in this study.
i

r
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Figure G-1. Location of water quality sampling stations, St. Lucie Plant,1982.
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TABLE G-1-

PHYSICAL / CHEMICAL PARAMETERS MEASURED FOR EACH STATION
ST. LUCIE PLANT

JANUARY - MAY 1982

Station
Parameter 0 1 2 3 4 5 11 12

Water temperature (,ijisitu) x x x x x x x x

Salinity x x x x x x x x

Dissolved oxygen x x x x x x x x
Turbidity x x x x x x x x
Light transmittance x x x x x x

Ammonia nitrogen x .x x x x x x x
Nitrate nitrogen x x x x x x x x
Nitrite nitrogen x x x x x x x x
Silicates x x x x x x x x
Orthophosphate x x x x x x x x
Total organic carbon x x x x x x x x

<

+
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TABLE G-2

RANGES OF PHYSICAL PARAMETERS RECORDED AT
OCEAN AND CANAL STATIONS

ST. LUCIE PLANT
JANUARY - MAY 1982

Dissolved Light
Station and Temperature Salinity oxygen Turbidity transmittancedeptha (*C) (ppt) (mg/l) (FTU) (LUX)

ocean
0 S 20.0-25.2 35.5-36.1 6.9-8.4 '0.1-2.3 250-750

M 19.9-25.1 35.5-36.6 6.9-8.4 0.1-2.5 30-230
B 19.8-25.1 35.5-36.1 6.9-8,5 0.0-4.4 3-135

1 S 19.8-25.1 35.5-36.1 6.9-8.2 0.0-2.5 200-490
M 19.8-25.1 35.5-36.1 6.9-8.3 0.0-2.5 17-105'B 19.8-24.9 35.5-36.1 6.7-8.3 .0-3.0 <1-340

2 S 20.0-25.0 35.5-36.1 6.9-8.0 0.0-1.7 129-600
M 20.0-25.0 35.5-36.1 7.0-8.0 0.0-2.1 20-144
B 20.0-25.1 35.5-36.1 6.9-7.9 0.0-2.1 <1-69

3 S 20.0-24.7 35.5-36.1 7.1-8.2 0.0-1.5 400-580
M 20.0-24.8 35.5-36.1 7.1-8.0 0.0-2.1 35-290
8 20.0-24.7 35.5-36.1 6.9-7.8 0.0-2.1 3-186

-4 S 20.0-24.9 35.5-36.1 7.0-7.9 0.0-1.7 450-750
M 20.0-24.8 35.5-36.6 6.9-7.9 0.0-1.7 25-320
B 20.0-24.9 35.5-36.6 6.9-8.0 0.0-2.8 <1-96

5 S 19.8-25.1 35.5-36.1 7.0-8.1 0.0-1.1- 75-480
M 19.8-25.1 35.5-36.1 7.1-8.1 0.0-0.9 15-102
B 19.8-25.0 35.5-36.1 7.0-8.1 0.1-1.5 <1-32

canal
11 S 19.9-25.0 . 34.5-36.1 6.1-9.2 0.1-3.9 -

B 19.9-25.1 35.0-36.1 6.1-9.0 0.5-4.9 -

12 S 25.2-35.6 35.0-36.1 6.2-7.9 0.7-4.9- -

aS =-Surface; M = Mid-depth; B = Bottom.
'
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TABLE G-3
i

WATER TEMPERATURES ('C) RECORDED DURING '

PHYTOPLANKTON AND NUTRIENT SAMPLING
ST. LUCIE PLANT

JANUARY - MAY 1982b

-Station Deptha Jan Feb Mar Apr May

0 S 21.0 20.0 23.4 24.0 25.2
M 21.0 19.9 22.6 23.9 25.1
B 21.0 19.8 22.6 23.9 25.1

1 S 21.9 19.8 23.4 23.2 25.1
M 21.5 19.8 23.3 23.0 25.1
B 21.0 19.8 22.9 23.0 24.9

2 S 21.0 20.0 23.4 23.8 25.0
M 21.0 20.0 23.4 23.7 25.0
B 21.,0 20.0 22.8 23.7 25.1

3 S 21.0 20.0 23.5 24.1 24.7
M 21.0 20.0 23.3 24.0 24.8
B 21.0 20.0 23.2 23.9 24.7

4 S 21.0 20.0 23.2 24.1 24.9
M 21.0 20.0 22.9 24.0 24.8
B 21.0 20.0 22.8 24.0 24.9

,

5 S 21.0 19.8 23.0 23.2 25.1
M 21.0 19.8 22.8 23.0 25.1
B 21.0 19.8 22.6 23.1 25.0

11 S 22.2 19.9 23.1 22.8 25.0
B 22.1 19.9 23.2 22.8 25.1

12 S 33.7 32.4 35.3 35.6 25.2

a
5 = Surface; M = Mid-depth; B = Bottom.

This aspect of the program terminated after the May sampling period.
< |
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TABLE G-4

SALINITY MEASUREMENTS (ppt) RECORDED DURING
PHYTOPLANKTON AND NUTRIENT SAMPLING

ST. LUCIE PLANT
JANUARY - MAY 1982

Station Deptha Jan Feb Mar Apr May

0 S 36.1 35.5 36.1 35.5 36.1
M 36.1 35.5 36.6 36.1 36.1
B 36.1 35.5 35.5 36.1 36.1

1 S 36.1 35.5 36.1 35.5 36.1
M 36.1 35.5 36.1 35.5 36.1
B 36.1 35.5 36.1 35.5 36.1

2 S 36.1 35.5 36.1 35.5 36.1
M 36.1 35.5 36.1 35.5 36.1
B 36.1 35.5 35.5 35.5 36.1

3 S 36.1 35.5 36.1 35.5 36.1
M 36.1 35.5 36.1 35.5 36.1
B 36.1 35.5 36.1 35.5 36.1

4 S 36.1 35.5 36,1 35.5 36.1
M 36.6 35.5 36.1 35.5 36.1
B 36.6 35.5 36.1 35.5 36.1

5 S 35.5 36.1 35.5 35.5 36.1
M 35.5 36.1 35.5 35.5 36.1
B 35.5 36.1 35.5 35.5 36.1

11 S 36.1 34.5 35.5 35.0 36.1
B 36.1 35.0 35.5 35.0 36.1

12 S 36.1 35.0 35.5 35.0 36.1-

a
S = Surface; M = Mid-depth; B = Bottom.
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TABLE G-5 |

DISSOLVED OXYGEN MEASUREMENTS (mg/ liter) RECORDED DURING
PHYTOPLANKTON AND HUTRIENT SAMPLING

ST. LUCIE PLANT
JANUARY - MAY 1982

Station Deptha Jan Feb Mar Apr May

0 S 7.1 8.4 6. 9 7.4 7. 5
M 7.0 8.4 6.9 7.4 7.4
B 6. 9 8.5 6. 9 7.3 7.4

1 S 6.9 8.2 6. 9 7.3 7. 5
M 7.0 8.3 6.9 7.2 7.6
B 7.0 8.3 6. 7 7.2 7.5,

2 S 7.1 8.0 6. 9 7.3 7. 6
; M 7.1 8.0 7.0 7.3 7.6
7 B 6. 9 7. 9 7.1 7.2 7.5

3 S 7.1 8.2 7.2 7.3 7.5
H 7.1 8.0 7.3 7.3 7.5.,

: B 7.0 7.8 6.9 7.1 7.4

4 S 7.0 7. 9 7. 0 7.3 7.4
M 6.9 7.9 7.0 7.2 7.4
B 6. 9 8.0 6.9 7.2 7.3

t

5 S 7.2 8.1 7.0 7.4 7. 6
M 7.1 8.1 7.1 7.4 7.7
B 7.1 8.1 7.0 7.2 7.4

11 S 7.0 9.2 6.5 6. 9 6.1.

B 6.1 9.0 6.8 7.4 6.2

12 S 6.4 7.9 6.2 6.3 7.0
|

$ "S = Surface; M = Hid-depth; B = Bottom
.

.
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-TABLE G-6

TURBIDITY MEASUREMENTS (FTU)-RECORDED DURING
PHYTOPLANKTON AND NUTRIENT SAMPLING

ST. LUCIE PLANT
JANUARY - MAY 1982

Station Deptha Jan Feb Mar Apr May

0 S 0.1 2.1 1.1 0.7 2.3
M 0.1 2.5 0.5 0.7 2.1
B 0.0 4.4 1.5 0.9 1.5

1 S 0.0 2.3 1.3 1.5 2.5
M 0.0 2.5 0.9 1.3 2.1
B 0.0 3.0 1.7 1.1 1.5

2 S 0.0 1.7 0.5 0.3 0.5
M 0.0 2.1 0.3 0.3 1.1
B 0.0 2.1 0.7 0.2 0.9

3 S 0.0 1.5 0.7 0.2 0.9
M 0.0 2.1 0.2 0.1 0.9
B 0.0 2.1 0.3 0.1 0.9

4 S 0.0 1.7 0.3 0.2 0.5
M 0.0 1.7 0.2 0.2 0.2
B 0.0 2.8 0.5 0.2 0.3

5 S 0.0 1.1 1.1 0.2 0.7
M 0.0 0.9 0.3 0.3 0.9
B 0.1 1.5 0.7 0.5 1.1

11 S 0.1 2.3 0.9 3.9 1.1
B 0.5 3.9 1.1 4.9 1.1

12 S 0.7 4.9 1.1 3.7' 1.5- 1

_..

a
5 = Surface; M = Mid-depth; B = Bottom.

j

,

G-32

,



TABLE G-7

LIGHT TRANSMITTANCE MEASUREMENTS (LUX) RECORDED DURING
PHYTOPLANKTON AND NUTRIENT SAMPLING |

ST. LUCIE PLANT '

JANUARY - MAY 1982

Station Deptha Jan Feb Mar Apr May
.

. O S 600 600 750 650 250'
M 180 30 230 186 42
B 60 4 135 43 3,

1 S 200 300 470 4 90 350
M 40 17 105 62 30
B 14 <1 34 2 3

2 S 300 450 450 600 129
H 75 20 126 144 25

!
B 30 <1 69 42 3~

3 S 400 450 550 580 550
; M 135 35 198 2 90 141

B 75 3 147 186 90

4 S 450 500 710 750 600,

M 120 25 320 234 168'

B 55 <1 96 58 40

5 S 75 250 480 460 210
M 20 15 78 102 22
B 11 <1 32 18 6

a
S = Surface; M = tiid-depth; B = Bottom.

.
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TABLE G-8

METH005 0F ANALYSIS USED TO EASURE CHEMICAL PARAMETERS
ST. LUCIE PLANT

1982

Parameter Method Reference
,

- Ammonia nitrogen (NH -N) Indophenol (Phenate, Automated) APHA, 1980, p 3633

Nitrate notrogen (NO -N) Cadraium reduction (Automated) EPA, 1979, Method 383.23

Nitrite nitrogen (N0 -N) Diazotization EPA, 1979, Method 383.22

. Silicates (SiO -S1) Heteropoly blue APHA, 1980, p 4322

Orthophosphate (P0 -P) Ascorbic acid APHA, 1980, p 420
'

4
'

Total organic carbon (TOC) Combustion-infrared APHA,1980, p 471

,

4

i

_ _ _ . _ _ _ _ _ _



._ ._- _ _ . _ _ ._. .__ __ _ _ _ _ _ _ .

TABLE G-9

RANGES OF CHEMICAL PARAMETERS (NUTRIENTS)
AT OCEAN AND CANAL STATIONS

ST. LUCIE PLANT
JANUARY - MAY 1982

Total
Nitrate- Nitrite- Silicate- organic

Station and Ammonia nitrogen nitrogen silicon Orthophosphate carbon
deptha (mg/1) (mg/1) (mg/1) (mg/l) (mg/l) (mg/1)

ocean
0 -S 0.01-0.11 0.017-0.048 0.002-0.009 <0.02-0.14 <0.01 2.0-4.2

M 0.01-0.09 0.008-0.041 0.002-0.009 <0.02-0.14 <0.01 2.6-3.6
B 0.03-0.09 0.011-0.045 0.002-0.010 0.02-0.14 <0.01 2.1-11.8

(P 1 .S 0.02-0.10 0.017-0.050 0.002-0.010 <0.02-0.15 <0.01 1.9-6.1
.h; M 0.02-0.09 0.015-0.055 0.002-0.009 <0.02-0.16 <0.01 1. 7-3. 3

B 0.03-0.09 0.014-0.061 0.002-0.008 <0.02-0.16 <0.01 1.2-3.2

2 S 0.01-0.08 0.004-0.038 0.002-0.013 <0.02-0.16 <0.01 1. 7-3. 3
M 0.02-0.07 0.003-0.067 0.002-0.014 0.03-0.15 <0.01 2. 0-4. 4
B 0.01-0.06 0.005-0.032 0.003-0.014 0.02-0.14 <0.01 1.4-2.5

3 S <0.01-0.06 0.010-0.044 0.002-0.017 0.03-0.13 <0.01 2.1-6.1
M 0.01-0.08 0.009-0.099 G.003-0.017 .0.03-0.15 <0.01 2.2-7.4
B 0.03-0.08 0.017-0.041 0.003-0.013 0.03-0.13 <0.01 1.8-4. 3

4. S 0.02-0.08 0.005-0.033 0.001-0.005 0.03-0.14 <0.01 2.5-3.8
M 0.03-0.07 0.013-0.038 0.001-0.007 0.05-0.12 <0.01 2.1-5.4
8 0.02-0.07 0.018-0.039. 0.001-0.006 0.02-0.13 <0.01 2.2-2.9

5 S 0.02-0.07 0.003-0.038 0.001-0.016 0.05-0.18 <0.01 2.0-6.0
M 0.01-0.09 0.005-0.081 0.002-0.018 0.05-0.17 <0.01 1.5-3.8
B 0.02-0.08 0.007-0.064 0.002-0.015 0.07-0.19 <0.01 1.6-3.3

_ _ _ _ _ - _ _ _ - _ _ _ - -
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TABLE G-9
(continued)

RANGES OF CHEMICAL PARAMETERS (NUTRIENTS)
RECORDED AT OCEAN AND CANAL STATIONS

ST. LUCIE PLANT
JANUARY - MAY 1982

Total
Nitrate- Nitrite- Silicate- organic

Station and Ammonia nitrogen nitrogen silicon Orthophosphate carbon
deptha (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

canal
.' 11 S 0.01-0.20 0.007-0.061 0.004-0.031 0.06-0.20 <0.01-0.01 1. 7-3. 2

8 0.02-0.22 0.012-0.032 0.003-0.031 0.08-0.21 <0.01 1.9-3. 7

12 S <0.01-0.23 0.008-0.047 0.003-0.029 0.16-0.28 <0.01 1.8-7.0
c)

:

aS = Surface; M = Mid-depth; B = Bottom.

'

.
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TABLE G-10

SEAWATER NUTRIENT ANALYSIS
ST. LUCIE PLANT
20 JANUARY 1982

|

Nutrients (ppm)

Station Deptha P0 -P S102 NH -N NO -N4 N0 -N TOC3 3 2
.

O S <0.01b b b b b b0.11 0.09 0.022 0.003 4.2
M <0.01 0.11 0.09 0.030 0.002 2.9
B <0.01 0.11 0.09 0.027 0.002 -11.8

1 S <0.01 0.11 0.08 0.017 0.002 6.1
M <0.01 0.12 0.09 0.055 0.002 3.3
B <0.01 0.13 0.09 0.044 0.002 1.2

2 S <0.01 0.11 0.07 0.025 0.003 3.3
M <0.01 0.10 0.06 0.016 0.002 2.3
B <0.01 0.10 0.06 0.019 0.003 1.4

3 S <0.01 0.09 0.06 0.018 0.003 6.1
M <0.01 0.09 0.06 0.027 0.003 7.4
B <0.01 0.09 0.06 0.017 0.003 2.8

4 S <0.01 0.10 0.08 0.033 0.003 2.8
M <0.01 0.09 0.07 0.013 0.002 5.4
B <0.01 0.10 0.07 0.018 0.003 2.6

5 S <0.01 0.11 0.07 0.018 0.003 5.9
M <0.01 0.10 0.09 0.013 0.003 1.5
B <0.01 0.10 0.08 0.015 0.003 2.3

11 S <0.01 0.20 0.10 0.030 0.004 1.7
B <0.01 0.15 0.08 0.019 0.003 1.9 ,

12 S <0.01 0.18 0.08 0.021 0.003 1.8

a'

s = Surface; M = Mid-depth; B = Bottom.

bEach value'is the mean of two replicates.
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TABLE G-11

SEAWATER NUTRIENT ANALYSIS
ST. LUCIE PLANT
25 FEBRUARY 1982

Nutrients (ppm)

Station Deptha P0 -P SiO2 NH3-N NO -N4 N0 -N TOC3 2,

0 S <0.00lb b b b b b0.12 0.07 0.022 0.009 2.8
M <0.001 0.14 0.04 0.021 0.009 3.3
B <0.001 0.14 0.04 0.024 0.010 3.0

'

1 S <0.001 0.15 0.04 0.038 0.007 1.9
M <0.001 0.16 0.06 0.035 0.006 2.6
6 <0.001 0.16 0.04 0.022 0.007 2.7

2 S <0.001 0.16 0.05 0.022 0.013 2.2
M <0.001 0.15 0.05 0.028 0.014 2.0
B <0.001 0.14 0.05 0.032 0.014 2.3

3 S <0.001 0.13 0.05 0.039 0.017 2.8
M <0.001 0.15 0.08 0.099 0.017 2.6
B <0.001 0.13 0.07 0.041 0.013 4.1

4 S <0.001 0.14 0.03 0.021 0.005 3.8
M <0.001 0.12 0.03 0.021 0.005 2.1
B <0.001 0.13 0.03 0.039 0.004 2.8

5 S <0.001 0.18 0.03 0.038 0.004 3.5
M <0.001 0.17 0.05 0.081 0.004 2.1
B <0.001 0.19 0.C4 0.064 0.004 3.3

11 S <0.001 0.20 0.05 0.015 0.007 2.3
B <0.001 0.21 0.03 0.017 0.006 2.8

12 S <0.001 0.28 0.05 0.008 0.008 2.7

"S = Surfare; M = Mid-depth; B = Botton.

bEach value is the mean of two replicates.
.
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TABLE G-12

SEAWATER NUTRIENT ANALYSIS
ST. LUCIE PLANT

18 MARCH 1982

Nutrients (ppm)

Station Deptha P0 -P' SiO2 NH -N NO -N N0 -N TOC4 3 3 2

b0 S <0.00l 0.14b b0.05 0.048b 0.002b b2.0
M <0.001 0.09 0.05 0.041 0.002 2.7
8 <0.001 0.11 0.06 0.045 0.002 2.1

1 S <0.001 0.09 0.10 0.017 0.010 2.1
M <0.001 0.09 0.09 0.015 0.009 1.7
B <0.001 0.09 0.08 0.014 0.008 2.0

2 S <0.001 0.08 0.08 0.038 0.008 1.7
M <0.001 0.05 0.07 0.067 0.004 2.1
B <0.001 0.07 0.05 0.005 0.003 1.8

3 S (0.001 0.05 0.05 0.021 0.002 2.1
M <0.001 0.04 0.05 0.019 0.003 2.2
B <0.001 0.05 0.08 0.030 0.010 1.8

4 S <0.001 0.08 0.05 0.029 0.003 2.5
M <0.001 0.07 0.07 0.032 0.007 2.9
B <0.001 0.06 0.04 .0.032 0.003 2.2

5 S <0.001 0.06 0.07 0.004 0.005 2.0
M <0.001 0.06 0.08 0.005 0.007 1.9,
B <0.001 0.07 0.06 0.007 0.004 1.6

11 S <0.001 0.13 0.07 0.050 0.004 1.8
8 <0.001 0.14 0.08 0.032- 0.004 1.9

12 S <0.001 0.19 0.08 0.031 0.004 1.9

'S = Surface; M = Mid-depth; B = Bottom.

bEach value is the mean of two repiicates.
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TABLE G-13

SEAWATER NUTRIENT ANALYSIS
ST. LUCIE PLANT

16 APRIL 1982

Nutrients (ppm)-
Station Deptha P0 -P S102 NH -N4 N0 -N N0 -N TOC3 3 2

b b b b b b0 S <0.00l 0.06 0.11 0.022 0.007 2.9
M <0.001 0.07 0.04 0.008 0.004 2.6
B <0.001 0.07 0.04 0.011 0.004 2.7

1 S <0.001 0.07 0.05 0.050 0.002 2.6
M <0.001 0.06 0.04 0.025 0.005 2.7
B <0.001 0.07 0.05 0.061 0.004 2.6

2 S <0.001 0.04 0.04 0.017 0.002 3.3
M <0.001 0.05 0.03 0.003 0.004 2.5
B <0.001 0.04 0.04 0.010 0.003 2.9

3 S <0.001 0.05 0.04 0.017 0.003 2.7
M <0.001 0.05 0.05 0.009 0.004 3.2
B <0.001 0.05 0.04 0.021 0.004 2.9

4 S <0.001 0.06 0.04 0.021 0.001 2.7
M <0.001 0.05 0.04 0.030 0.001 3.5
B <0.001 0.06 0.05- 0.039 0.001 2.9

5 S <0.001 0.06 0.05 0.014 0.001 2.9
M <0.001 0.06 0.05 0.023 0.002 3.8 '
B <0.001 0.07 0.05 0.049 0.002 2.7

11 S <0.001 0.08 0.20 0.061 0.031 3.1
B <0.001 0.09 0.22 0.017 0.031 3.7

12 S (0.001 0.20 0.23 0.047- 0.029 7.0

"S = Surface; M = Mid-depth; B =_ Bottom.

bEach valte is the mean of two replicates.
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TABLE G-14

SEAWATER NUTRIENT ANALYSIS
ST. LUCIE PLANT

19 MAY 1982

Nutrients (ppm)

Station Deptha PO -P SiO2 NH -N4 NO -N N0 -N TOC3 3 2.

b b b b b bO S <0.00l <0.02 0.0l 0.017 0.004 3.9,
;

M <0.001 <0.02 0.01 0.028 0.004 3.6
B <0.001 0.02 0.03 0.018 0.004 2.7

1 S <0.001 <0.02 0.02 0.028 0.003 3.3
M <0.001 <0.02 0.02 0.022 0.003 3.3;

B <0.001 <0.02 0.03 0.020 0.003 3.2
*

2 S <0.001 <0. 02- 0.01 0.004 0.004 2.54

M <0.001 0.03 0.02 0.014 0.004 4.4
1

B <0.001 0.02 0.01 0.017 0.003 2.1
; 3 S <0.001 0.03 <0.01 0.044 0.003 2.5

M <0.001 0.03 0.01 0.022 0.004 3.0
'

B <0.001 0.03' O.03 0.025 0.004 4.3
4 S <0.001 0.03 0.02 0.005 0.005 3.0

M <0.001 0.08- 0.03 -0.038 0.006 2.1-
; B <0.001 0.02 0.02 0.024 0.006 2.3

5 S <0.001 0.05 0.02 0.003 0.016 6.0
M <0.001 0.05 0.01 0.033 0.018 2.9
B <0.001 0.07 0.02 0.024 0.015 2.8

11 S 0.001 0.06 0.01- 0.007 0.021 ,3. 2
B <0.001 0.08 0.02 0.012 0.025 2.7

12 S <0.001 0.16 <0.01 0.021 -0.018 2.6

*S = Surface; M = Mid-dept'h; B = Bottom.

' Each value is the mean of two replicates.

G-41

..- _ _ .



l

H. TURTLES

NRC Environmental Technical Specification (Section 3.1,B.f; deleted

May 1982; updated sea turtle study specifications will be included in the

NRC St. Lucie Plant Environmental Protection Plan when issued for Unit
2).

Miaratory Sea Turtles - The species, numbers, and
nesting characteristics of sea turtles that
migrate in from the sea and nest along the east

1 coast of Florida will be determined on the FPL
shoreline property and selected adjacent control
areas in 1975 and 1977. A study shall be con-!

ducted to determine the effects of the discharge'

thermal plume on turtle nesting patterns and
. turtle hatchling migration. In addition, controlf

studies on temperature stress, hatching, and'

rearing factors will be conducted using turtle; eggs from displaced nests.
.

INTRODUCTION
.

Hutchinson Island, Florida, is an important rookery for the Atlantic
!

loggerhead turtle, Caretta caretta, and also supports some nesting of the
:

Atlantic green turtle, Chelonia mydas, and the leatherback' turtle,
t

;
Dermochelys coriacea (Caldwell et al.,1959; Routa,1968; Gallagher et1

al.,1972; Worth and Smith,1976). All marine turtles are protected by
State and Federal statutes. The Federal Government classifies the

loggerhead turtle as a threatened species, the green turtle as endangered
h in Florida (threatened throughout the remainder of its range) and the

leatherback turtle as an endangered species. Because of reductions in
'

world populations of marine turtles resulting from coastal development
'

- and . fishing pressure (NMFS, 1978), maintaining the vitality of the
Hutchinson Island rookery is important.

; H-1
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It has been a prime concern of FPL that the construction and sub-

sequent operation of the St. Lucie Plant wocid not adversely affect the

Hutchinson Island rookery. Because of this concern, FPL has sponsored

monitoring of marine turtle nesting activity on the island.

Daytime surveys to quantify nesting, as well as nighttime turtle

tagging programs, were conducted in odd numbered years from 1971 through

1979. Nine 1.25-km-long survey areas were monitored 5 days per week

during the daytime nesting programs. The St. Lucie Plant began operation

in 1976; therefore, the first three survey years (1971,1973 and 1975)

are preoperational. Though the power plant was not operating during

1975, St. Lucio Plant Unit No.1 ocean intake and discharge systems were

installed during that year. Installation of these systems included

construction activities conducted offshore from, and perpendicular to,
the beach, Construction activities had been completed and the plant was

in full operation during the 1977 and 1979 surveys.

A modified daytime nesting survey was conducted in 1980 during the

preliminary construction of the ocean discharge system for St. Lucie

Plant Unit No. 2. During this study, four of the previously established

1.25-km-long survey areas were monitored. Additionally, eggs from turtle

nests potentially endangered by construction activities were relocated.

During 1981 and 1982, thirty-six 1-km-long survey areas comprising

the enti island were monitored seven days a week during the nesting

season. St. Lucie Plant Unit No. 2 discharge and intake systems were

H-2
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installed during 1981 and 1982, respectively. Construction activities

associated with installation of both systems were similar to those con-

ducted when Unit 1 intake and discharge systems were installed. Eggs I

from turtle nests potentially endangered by construction activities were

relocated during both years.

In addition to monitoring sea turtle nesting activities and relo-

cating nests away from plant construction areas, monitoring of turtles in

the intake canal and removal of trapped turtles has been an integral part

of the St. Lucie Plant environmental monitoring program. Turtles that

enter the ocean intake structures are carried with the intake cooling

water through the intake pipe and end up in that portion of the intake

canal between the intake headwall and the trash barrier net located at

the Highway A1A bridge. Since the plant became operational in 1976,

turtles that enter the intake canal have been captured, measured, tagged

and released alive back into the ocean.

previous reports have presented results of the nesting surveys and

nest relocation activities (Gallagher et al., 1972; Worth and Smith,

1976; ABI, 1978, 1980, 1982) and documented studies on potential effects

of the discharge plume on turtle hatchlings (ABI,1978; 0'Hara,1980).

The purpose of this section is to 1) present 1982 survey data and sum-

marize observed spatial and temporal trends in nest -density, 2) document

and summarize nesting success and predation since 1971, 3) describe the

results of the 1982 nest relocation program, and 4) present results of

intake canal monitoring since its inception in 1976.

H-3
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MATERIALS AND METHODS

Nesting Survey and Nest Relocation

Methodologies used during previous turtle nesting surveys on

Hutchinson Island were described by Gallagher et al. (1972), Worth and

Smith (1976), and ABI (1978,1980,-1981,1982). Methods used during the

1982 survey were designed to allow comparisons with these previous stud-

1es.

From 8 April through 15 September 1982, nest surveys were conducted

daily along Hutchinson Island from Ft. Pierce Inlet south to St. Lucie

Inlet. Biologists used small off-road motorcycles to survey the island

each morning. New nests, non-nesting emergences (false crawls) and nests

destroyed by predators were recorded for each of the thirty-six 1-km-long

survey areas comprising the entire island (Figure H-1). The nine

1.25-km-long survey areas established by Gallagher et al. (1972) were-

also monitored so comparisons could be made with previous studies.
4

!

Turtle nests deposited within 0.4 km of the intake construction site

were relocated to a beach area 4 km south of the power plant (Figure'

1

i H-1). . Nests were reburied and allowed to incubate and hatch under
i

natural' conditions. To reduce egg mortality from nest relocation, nests

were removed within 12 hours of deposition and handled gently as recom-

mended by .Limpus et al. (1979). Relocated nests were covered with,

poultry wire to prevent raccoon predation. All relocated nests and a

comparable number of - undisturbed nests were examined after signs of,

hatchling emergence to determine hatch success. Records were kept of the
,

H-4
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incubation period, number of hatched and unhatch9d eggs, and live or dead

hatchlings remaining in the nests. The hatching success of undisturbed

nests was compared to relocated nests to detect any adverse effects from I

handling the eggs.

In a cooperative effort, the Florida Department of Natural Resources

(DNR) was notified of all green and leatherback turtle nests. Eggs from

many of the green turtle nests were collected as part of the Florida DNR

Headstart Program. Because loggerhead turtles are the predominate spe-

cies nesting on the island, discussions are based on this species unless

otherwise noted.

Intake Canal Monitoring

Turtles were removed from the intake canal with large-mesh nets

fished between the intake headwall and the barrier net located at the

Highwsy AIA bridge. Nets were usually set Monday mornings and removed

Friday afternoons. On a few occasions, such as during dredging in the

intake canal or when several turtles were observed in the canal, nets

were also fished over the weekends. The nets were checked for turtles

several times per day by either Applied Biology or plant security person-

nel. Applied Biology was on-call 24 hours per day to remove turtles when

the nets were fishing,

f'

Various sizes, numbers and locations of nets have been used to date

as capture techniques continue to be refined. Nets in recent use were

from 32 to 61 m ~ in ' length, 2.7 to 3.7 m in depth and 30 to 40 cm in

H-5-
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stretch mesh. Large floats kept the nets at the surface and, because

nets were not weighted with lead lines, turtles which became entangled

remained at the water's surface until removed.

The utmost care was taken in handling the turtles to prevent injury

or trauma. After removal from the nets, turtles were identifiedIto spe-

cies, measured, weighed, tagged, examined for overall condition (wounds,

abnormalities, parasites, etc.) and released back into the ocean. In

1982, blood and feces were sampled to investigate the potential

occurrence and significance of anemia and/or parasite load in these ani-

mais (results of this study are preliminary and will not be presented in

this report).4

Sick or injured turtles were treated and occasionally held for

observation prior to release. When treatment was warranted, injections

of antibiotics and vitamins were administered by a local veterinarian.

Resuscitation techniques were used if a turtle was found that appeared to

have died recently. Beginning in 1982, necropsies were conducted on dead

turtles found in fresh condition. Only one animal was found suitable for
i
'

necropsy in 1982. Necropsy was conducted by S.N. Wampler, DVM, Jensen

Beach, Florida, and histological analysis by Anita George, Marine
!

| Pathology Laboratory, University of Rhode Island, Kingston.

i
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RESULTS AND DISCUSSION

Nesting Survey

Distribution of Nests

Nest density has varied considerably within each study area from

year to year (Table H-1). However, linear regression analysis of distri-

bution of nest density with respect to location of the nine 1.25-km-long

survey areas has consistently shown a gradient of increasing nest density

from north to south along the island. Nest density was fairly uniform

among the nine areas only in 1973. Worth and Smith (1976) attributed -

this uniform nest distribution to beach accretion in Areas 1 through 3

.(Figure H-1) that year. The severe erosion of the northern portion of

the island in 1979 corresponds with the strongest gradient observed. The

similarity between erosion and accretion gradients and nest density indi-

cates that these processes can influence the selection of nesting sites

by turtles. Thus, localized short-term erosion or accretion may account

for much of the annual variations in nest densities a,nong sample areas.
'

Regardless of these variations, the distribution of nests among the nine

areas were similar between combined preoperational and operational years

(Figure H-2). The distribution of nest densities among the thirty-six

1-km-long survey areas also showed a gradient of increasing densities

from north to south. However, this gradient was apparently curvilinear

rather than linear during both 1981 and 1982 (Figure H-3). During both

years, the gradient was strongest among the northernmost areas and gra-
i dually decreased from nc th to south.

.
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During 1982, as in 1981, nest densities were high in Areas S through

W (Figure H-3), a portion of beach that had not been sampled prior to

1981. Though no quantitative data are available, observations during

previous surveys suggested that this has been an area of heavy nesting

since at least 1979. As in 1981, nest densities were lowest in Areas A

and B (Ft. Pierce Public Beach) during 1982. These low densities may be

attributed to unsuitable substrates (compact sand and scattered rocks),

; as well as intense lighting and considerable human activity on the beach

at night. The last two factors may also be responsible for relatively

lcw nest densities in Area Z (Jensen Public Beach) compared to adjacent

areas.

Relatively low nest densities in Areas DD, HH and JJ during 1982 may

be related to beach topography. Much of the beach in Area DD was very

narrow and, therefore, unsuitable for nesting. Nesting activitiet; in

Area HH may have been complicated by the presence of a rearshore inter-

tidal reef, rock outcroppings on the beach and steap ledges along certain

sections. Most of the beach in Area JJ was extremely wide (30-100 m) and

flat, similar to the barren areas described by Baldwin and Lofton (1959).

Baldwin and Lofton suggested that the apparent hesitancy of turtles to

emerge on these barren areas may be related to the unbroken horizons
! provided by such beaches.

Low nest densities in Areas 0 and P (and Area 4) during 1982

apparently resulted from construction of the St. Lucie Plant Unit No. 2

intake system. Construction activities were similar to those conducted

H-8
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during 1975 and 1981. These activities consisted of construction crews

using heavy equipment and strong lights offshore from, and perpendicular
to, the beach.

In order to determine whether construction of power plant intake and

discharge systems has had a significant effect on nesting adjacent to the

St. Lucie Plant, nest densities in Areas 4 and 5 were conpared between

construction years (1975,1980,1981 and 1992) and non-construction years

(1971,1973,1977 and 1979). Area 5 was chosen as a control because it

is outside of the area expected to be influenced by either power plant

operation or intake / discharge construction. Also, Area 5 was similar to

Area 4 with respect to beach topography and nest densities prior to plant

operation and intake / discharge construction in 1971 and 1973

Results of a G-test of independence (Sokal and Rohlf,1981) indi-

cated that nest densities in Area 4 were significantly (P<0.05) lower

during intake / discharge construction. Though nest densities were reduced

in this area during 1981 and 1982, they are expected to return to normal

levels after const ruction activities are completed, as was observed
i

during years following construction in 1975

A G-test of independence also was used to determine if nest den-

sities di ffered significantly before and after power plant operation
(exclusive of intake / discharge construction). After excluding ye..rs

(1975, 1980, 1981 and 1982) during which intake / discharge construction

occurred, nest densities in Areas 4 and 5 were co@ared between preopera-

H-9
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tional years (1971 and 1973) and operational years (1977 and 1979). No

significant (P10.05) effect of power plant operation on nest densities

was indicated.

To determine whether overall plant operation since 1976 has had a

significant effect on turtle nesting activities, nest densities in Areas

4 and 5 were compared between all preoperational and operational years.

A two-way ANOVA indicated no significant (P<0.05) difference in nest den-

sities between preoperational and operational years.

,

Number of Nests and Population Estimates

Various methods have been used during previous surveys to estimate

the total number of nests on Hutchinson Island, based on the number of

nests found in the 1.25-km survey areas (Gallagher et al.1972; Worth and

Smith,1976; ABI,1980). The most reliable methods appeared to be either

extrapolation of the nine-area total to the whole island or an estimate

resulting from linear regression analysis. The latter method was based

on the apparent linear relationship between nest densities in the nire

study areas and their distance from Ft. Pierce Inlet. Since all nests on

the entire island were counted during 1981 and 1982, the accuracy of the

estimation techniques can be determined for these two years.
,

The regression method overestimated the total number of nests on the

island by 26 percent in 1981 and 32 percent in 1982 (Table H-2). The

inaccuracy of this nethod is prcoably related to differences between the

distribution of nests in the nine study areas and the actual distribution

|
|
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of nests along the entire island. As mentioned earlier, the distribution

of nests in the nine study areas appears to exhibit a linear rela,

tionship, however, this does not appear to be the case for the distribu-

tion of nests along the entire island (Figure H-3). Based on nest

densities within the thirty-six areas comprising the entire island, a

curvilinear relationship between nest densities and distance from Ft.

Pierce Inlet was indicated. Therefore, equations which describe the

nine-area distribution of nest densities do not accurately describe the

actual distribution of nest densities and, thus, are not accurate when

used to estimate the total number of nests on the island.

,

The extrapolation method produced more accurate estimates of total

nesting on the island during both 1981 and 1982. This method overesti-

mated the actual total number of nests by only 6 percent in 1981 and 11

percent in 1982 (Table H-2). Additional data on the relationship of nest

densities in the nine areas compared to nest densitisa along the entire

island may reveal a more accurate predictive method. Based on present

data, h uever, extrapolation appears to be the most accurate method.

Regardless of the method used to estimate total nesting, con-

siderable year-to-year fluctuations in nesting activity on Hutchinson

Island occurred (Table H-2). Year-to-year variations in nest densities

are also common at other rookeries (Hughes,1976; Davis and Whiting,

1977; Ehrhart. 1979) and may result from overlapping of non-annual

breeding populations. No relationships between total nesting activity on

the island and power plant operation or intake / discharge construction

were indicated.
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In order to determine the total number of female loggerhead turtles

nesting on Hutchinson Island during a given season, an e:timate of the

number of nests produced by each female must be determined. A comparison

of the number of nests produced by tagged turtles during 1975, 1977 and

1979 surveys indicated that an average of two nests were produced per

female during a nesting season (ABI,1980). Thus, estimates of total

numbers of females nesting during previous survey years may be'obtained

by dividing the calculated total number of nests by two. Based on extra-

polation estimates of total nesting, the number of female loggerhead

turtles nesting on Hutchinson Island varied frcm approximately 1500 to

2300 individuals during survey years 1971-1979. Based on whole-island

nest counts during 1981 and 1982, the total number of nesting females was

1558 and 2345 individuals, respectively.

Temporal Nesting Patterns
'

The loggerhead turtle nesting season on Hutchinson Island usually

begins in early May, reaches a maximun during June or July, and ends by

late August or early September. The caset of nesting activity on the

island occurs when ocean temperatures reach 23' or 24'C. Shifts in the

temporal pattern may be influenced by fluctuations in water temperature.

As in 1975, early nesting occurred in 1982 and coincided with average

ocean temperatures above 24*C in April (Figure H-4).

Cool-water i ntrusions frequently occur off southeastern Florida

during the summer (Taylor and Stewart,1958; Smith,1982). During 1982,

cool-water intrusions were noted during early June and July (Figure H-4).
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Sharp declines in nesting were probably related to decreases in water

temperature on several occasions during 1982. However, these declines

were of short dur: tion and followed by equally sharp increases. Thus,

cool-water intrusions were not considered to have significantly affected

total nesting activity in 1982.

To determine if plant operation affected seasonal nesting patterns

(nest density on a month-to-month basis), the nesting patterns for

preoperational years (1971, 1973 and 1975) and for operational years

(1977,1979,1981 and 1982) were determined from pooled data for Area 4

(plant site) and Area 5 (control site) and statistically cogared

(Kolmogorov-Smirnov test; Sokal and Rohlf,1981). There were no signifi-
| cant (P<0.05) differences in temporal nesting patterns between Areas 4_

and 5, either before or during plant operation. In addition, there was

no significant difference in the temporal nesting pattern at Area 4 be-
' tween preoperational and operational years. The results of these analy-

ses indicated that plant operation has not significantly affected

tegoral nesting patterns. Furthermore, when data from all nine areas

are combined, the tegaral nesting pattern for preoperational years was

virt.ually identical to the tegoral nesting pattern for operational years

(Figure H-5).

Nesting Success

Not all ventures onto the beach by a female turtle culminate in suc-
,

cessful nests. These " false crawls" may occur for many reasons and are

commonly encountered at other rookeries (Davis and Whiting,1977; Talbert
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et al . , 1980). Davis and Whiting (1977) suggested that relatively high

percentages of false crawls may reflect disturbances or unsatisfactory

nesting beach characteristics. Therefore, an index which relates the

number of nests deposited in an area to the number of false crawls in

that area is useful in estimating the suitability of that beach for

nesting. In the present study this index is termed " nesting success" and

is defined as the percentage of total crawls that result in nests.'

Nesting success has varied from year to year among the areas sur-

veyed (Table H-3). Most of the variation was probably caused by short-

term, localized erosion that reduced the suitability of the beach for

nesting. Though there was a general decline in overall nesting success

from 1971 through 1981, this trend reversed in 1982. Nesting success

increased in all nine of the 1.25-km-long survey areas between 1981 and
,

| 1982 (Table H-3). An overall increase in nesting success between 1981

and 1982 was also shown for the thi rty-si x 1-km-l ong survey areas
,

comprising the entire island (Figura H-6).

Reduced nesting success in the vicinity of the power plant during

1981 and 1982 was indicated by data for the thirty-six survey areas.

Construction activities associated with i nstallation of power plant

intake and discharge systems may have been responsible for these reduc-

tions. Possibly because of the localized nature of the effects, reduc-

tions did not appear as pronounced when the larger 1.25-km-long areas

were compared. Success rates are expected to return to normal levels

af ter construction activities are completed. Other than during intake /

! H-14
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discharge construction, operation of the St. Lucie Plant has had no

observable effect on turtle nesting success.

<

Nesting success values for the whole-island survey illustrate the

variability caused by local beach conditions. The low nesting success in

Area DD during 1982 (Ffgure H-6) was likely attributable to the

narrowness of the beach in that area. Extremely low nesting duccess in

| Area B was probably due to unsuitable substrates, as well as intense

lighting and considerable human activity on the beach at night. Though

nesting success in Area A was approximately twice as high as in Area B,
' 'similar numbers of nests were recorded in the two areas. So few turtles

emerged in Area A that nest success values may not reflect the relative

suitability of the nesting beach in that area.

Raccoon Predation on Turtle Nests

Raccoon predation was probably the major cause of turtle nest
i

destruction on Hutchinson Island. Researchers at other locations have

reported raccoon predation levels as high as 70 to nearly 100 percent

(Davis and Whiting,1977; Hopkins et al.,1979; Talbert el al.,1980).

itaccoon predation of loggerhead turtle nests on Hutchinson Island has not

approached this level during any study year, though levels for individual
'

1.25-km-long areas have been as high as 80 percent (Table H-4). Overall

'dation rates for survey years 1971 through 1977 were between 21 and 44'

percent, with the high of 44 percent recorded in 1973. A pronounced

decrease in raccoon predation occurred after 1977, and overall predation
i

rates for the nine areas have continued to decrease during subsequent
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surveys. During 1982, only 3 percent of the nests in the nine areas and

2 percent of the nests on the whole island were destroyed by raccoons.

It is assumed that reduced predation is associated with a reductior

in the raccoon population on the island. A number of factors may be

responsible for the overall decline i n raccoon predation. Habitat

destruction associated with beach development, mortalities because of

increased vehicular traffic, and disease could contribute to a decline in

the raccoon population. Additionally, production of alternate food

sources (such as garbage) and increased human activity on beaches may

deter raccoons from preying upon turtle nests.

During 1982, raccoon predation was most prevalent just north and

just south of the power plant (Figure H-7). Low raccoon predation in the

immediate vicinity of the plant (Area 0) is attributed to construction;

activities and the fact that most of the nests in Area 0 were ralocated.

Green and Leatherback Turtle Nesting

Green and leatherback turtles also nest on Hutchinson Island, but in

fewer numbers than loggerhead turtles. Temporal nesting patterrs for

these species differ from the pattern for loggerhead turtles. During

1982, leatherback turtles nested from 15 April through 22 July, and green

turtles nested from 22 Muy through 5 September. Prior to 1982, the

number of nests observed on the island each survey year has ranged from 5
|

to,37 for green turtles and from 1 to 11 for leatherbacks (Figure H-8).

During the 1982 season, 68 green turtle and 20 lestherback turtle nests

| H-16
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were recorded on Hutchinson Island. [ NOTE: Prior to 1981, thirty-one

kilometers of beach frun Area 1 south to the St. Lucie Inlet were sur-

veyed for green and leatherback turtle nests. During whole-island sur-

veys in 1981 and 1982, no leatherback nests and only two green turtle

nests were recorded north of Area 1. Therefore, green and leatherback

nest densities on the southern thirty-one kilometers on the island were

probably not appreciably different from total densities for the entire

island. Based on this assumption, green and leatherback nest densities

may be compared between all survey years except 1980 when less than fif-
|

teen kilometers of beach were surveyed.]

; Considerable fluctuations in green turtle nesting on the island have

occurred among survey years. Though nest densities were higher during
,

1982 than during any previous year, this may not necessarify indicate a

long-term trend towards iricreased nesting by green turtles on Hutchinsot
,

"

Island. Annual data compiled by Dodd (1981) for green turtles nesting on

Hutchinson Is1cnd since 1971 showed 6 similar 1rcrease in 1978 followed

by a substantial decrease in 1979.
;

I
During 1982, green turtles nested most frequently in Areas R through

X and AA through JJ (Figure H-9). These were the areas of high green

turtle nest densities during 1973 and 1975 (the other survey years when

green turtle nesting activity was relatively high). Though no northward ,

shift in preferred nesting beaches was indicated, green turtles did nest

in,a number of the northern areas where nesting had not previously been

recorded.
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Leatherback turtle nest densities have been low on Hutchinson

Island, although there has been a continual increase since 1975. This

increase may reflect an overall increase in the number of nesting females!

or may be part of a long-term cycle of increasing anc' decreasing nesting

activity in the Hutchinson Island area. During 1932, leatherback turtles

! nested from Area 0 to Area HH.

|

! Turtle Nest Relocation

During 1982, 44 loggerhead turtle nests were relocated from the St.

.Lucie Plant intake construction area. No green or leatheroack turtles

nested in the vicinity of the construction.

Clutch Size

The mean clutch size (number of eggs per nest) for loggerhead turtle

nests relocated during 1982 was 106, with a range of 43 to 165 eggs. The

average clutch size of 45 undisturbed nests monitored during the same ,

period was 110 eggs (range 82-161). The considerable variation in clutch

size noted at Hutchinson Island has also been reported for other

rookeries (Baldwin and Lofton,1959; LeBuff and Beatty,1971; Davis and

Whiting,1977; Ehrhart,1979).

As in 1981, no correlation between clutch size and date of nesting

was indicated during 1982. Likewi se, Ehrhart (1979) found no trend
,

i

|
towards increased or decreased clutch size as the season progressed in

the Cape Canaveral area.

;
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Incubation Period

Incubation period is defined as the time from nest deposition until

the majority of the hatchlings leave the nest. The mean incubation

period for relocated nests during 1982 was 52.8 days (range 48 to 66).

Mean incubation period for undisturbed nests could not be reliably deter-

mined due to loss of virtually all nest markers. However, the mean incu-

bation period for nests relocated during 1982 was similar to those for

undisturbed nests nonitored during 1980 and 1981 (50.1 and 51.5 days,

respectively).

Hatch Success

Hatch success was determined by digging up nests after hatchling

emergence and counting the number of hatched eggs, unhatched eggs, and

live or dead hatchlings still in the nest. Hatch success was calculated

for each relocated and undistrubed nest using the formula:

N - (U+D) X 100 %S =

E

Hatch success,where: S =

Number of hatched eggs,N =

Number of unhatched eggs,U =

Number of dead hatchlings,D =

|

Total number of eggs (N + U)E =

The mean hatch success for all nests relocated daring 1982 was 77.3

percent (range 29 to 96 percent); the mean hatch success for 45

undisturbed nests was 87.4 percent (range 46 to 99 percent). Mean hatch

success for relocated nests was greater than means of 75.5 and 67.2 per-
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cent reported for undisturbed nests in South Carolina (Hopkins et al.,

1979; Talbert et al.,1980). However, results of a Mann-Whitney U test

indicated a significant difference (P10.05) in hatch success between

nests relocated during 1982 and undisturbed nests monitored during the

same period.

Hatch success for undisturbed nests on Hutchinson Island in 1982 may

be artificially high compared to average conditions. Though several

undisturbed nests were marked every time a nest was relocated, beach

goers removed virtually all markers. Therefore, when a relocated nest

hatched, a recently hatched natural nest had to be located for com-

parison. Since nests with numerous hatchling tracks emerging from them

were probably more obvious than those with very few tracks, nests with

high hatch success (i.e., many hatchling tracks) were more likely to be

located than those with low hatch success.

Intake Canal Honitoring

Species. Number and Temporal Distribution

Intake canal monitoring began in Hay 1976. Through December 1982,

702 loggerhead turtles, 67 green turtles, 7 leatherback turtles and 1

each of hawksbill and Kemp's ridley turtles were removed from the intake
|

canal (Tables H-5 and H-6).

The yearly catch of loggerhead turtles increased from 33 individuals

in 1976 (partial year of sampling) to 175 in 1979, decreased to 61 in

1981, and increased to 101 in 1982 (Figure H-10). The monthly catch of

H-20
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loggerheads ranged from 0 to 29 individuals. Over the past 6 study

years, the most loggerheads were collected during February (mean of 15.2
.

individuals); the fewest were collected during May (mean of 5.0

individuals; Table H-5). Differences in the number of loggerhead turtles

found among years or among months were not statistically significant

(P10.05; two-way ANOVA), primarily because of the large within-year and

within-month variation in catch.
.

The yearly catch of green turtles ranged from 0 to 6 individuals

between 1976 and 1979, increased to 13 in 1980 and 32 in 1981, and

decreased to 8 in 1982 (Figure H-10). Forty-eight of the 67 greens (71.6

percent) found during intake canal monitoring were taken during the

winter months of January through March.

Three of the 7 leatherback turtles were found in 1978 (Figure H-10);

4 of the 7 leatherbacks (57.1 percent) were found during the month of

March. The single hawksbill turtle was taken in March 1978 and the

Kemp's ridley turtle in February 1981.

Differences in the nt'mbers of sea turtles found during different

years and different months are attributed to natural variations in the

occurrence of turtles in the vicinity of the St. Lucie Plant, rather than'

to any influence of the plant itself. With the exception of refueling

outages, Unit I has been in operation from 1977 through the present time,

so variation in intake cooling water flow rate is not considered a factor

causing. differences in the numbers of turtles found. In 1982 only 8

H-21
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green turtles were captured, the lowest number since 1979 (Figure H-10).

Although construction activities in the area of the ocean intake may have

f rightened away some green turtles, it is unlikely that construction

significantly reduced the number of 1982 captures because most green

turtles in the past have been taken during the winter months and intake

construction was not in progress during these months in 1982.

Size Distribution

The majority of the loggerhead turtles captured in the canal ranged

from 51 to 70 cm in straight-line carapace length (SLCL) and the majority

of the green turtles ranged from 21 to 40 cm SLCL (Figure H-11). Based

on minimum lengths of nesting females (Gallagher et al.,1972; Hirth,

1980) and morphometric analyses (F.H. Berry, National Marine Fisheries

Service, personal comnuni cation), individuals of both species attain

adulthood when somewhere between 70 and 85 cm in SLCL. The majority of

loggerhead and green turtles found in the intake canal were thus con-

sidered to be sub-adults.

| The leatherback turtles ranged in size from 113 to 150 cm in SLCL

(Figure H-11). The hawksbill turtle was 46 cm in SLCL and the Kenp's

ridley was 32 cm in SLCL.

Mortalities

Over the seven years of monitoring, 67 of the 702 loggerhead turtles
i

! (9.5 percent) and 10 of the 67 green turtles (14.9 percent) found in the

i ntake canal were dead (Tables H-5 and H-6). All of the leatherbacks,

the hawksbill and the Kenp's ridley were found alive.
|

.
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Of the 67 dead loggerheads, 52 individuals (77.6 percent) were found

floating in the canal, either along shore, against the barrier net or, in

a few cases, against the bar screens (grizzlies) at the plant. Most of

these " floaters" were in advanced stages of decomposition. Six of the

loggerheads were found dead in the turtle nets, 2 in the gill nets used

for fish sampling and 1 in the barrier net; these 9 individuals (13.4

percent of the morta11 ties) were presumed to have drowned. Of the 6

other loggerheads found dead (9 percent), 2 had been accidentally killed

by the rake at the grizzlies and information is lacking on 4. Of the 10

dead greens, 8 individuals were found in either the turtle nets or the

fish gill nets, I was found floating and information is lacking on 1.

To reduce or eliminate mortalities caused by the nets, particularly

for the smaller green turtles, the turtle nets have been modified so that

| they are lighter and the fish gill nets are no longer used east of the

Highway A1A bridge. Reducing mortalities of those turtles which are

" floaters" is more of a problen because the causes of death are generally

unknown. Drowning may occur during infrequent periods of reduced flow

when the plant is off-line. When the plant is not in operatien, a turtle

entering the intake pipe might not find its way cut and could drown

because the flow would not be sufficient to carry the turtle through the

pipe (this will be less of a possibility when Unit 2 becomes

| operational). However, under normal operations, the flow through the two

presently-used intake pipes is 3 m/sec and a parcel of water would pass

through one of these 503-m pipes in less than 3 minutes. Presumably, a

|
turtle would also pass through an intake pipe in approximately this
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amount of time, which is well within the amount of time that turtles can

safely stay submerged. For example, during a series of simulated pro-

longed deep-diving experiments, Berkson (1966,1967) recorded submersion

times of 40 minutes to 5 hours for green turtles.
|

Injury sustained during passage through the intake pipes is another

possible cause of morta11 ties. However, only 55 (7.1 percent) of the 778

sea turtles removed from the intake canal had recent lacerations, abra-

sions or other injuries that may have resulted from passage through the

pipes. Wounds were considered minor in 39 of these 55 animals and major

(deep cuts, broken flippers, etc.) in 16. The intake pipes in present

use are 3.7 m in inside diameter, and it appears that the vast majority

of the turtles are carried through the pipes without hitting the walls

and sustaining injury.

The majority (66 percent) of the turtles found alive and released

back into the ocean were considered to be ia good physical condition,19

| percent were in poor condition and 15 percent were in excellent con-

dition. Critaria used to evaluate condition were weight, activity, para-

site coverage and wounds or injury (Table H-7). Turtles found dead in

the canal may have been in poor condition prior to entering the canal.
,

1
'

Turtles in roor condition could enter the ocean intakes seeking refuge

and end up in the canal, where they die from causes unrelated to plant

operations.

.
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Only one dead turtle found in 1982 was a recent mortality and there-

fore in suitable condition for necropsy. This turtle was a 63-cm SLCL

loggerhead found by a diver at the bottom of the barrier net. It was

heavily parasitized internally. Probable cause of death was diagnosed as

enteritis (infismation of the intestine), dehydration, starvation and,
*

possibly, secondary septicemia (bacterial toxins in the blood).

Capture Efficiency

A capture / recapture study was conducted from October 1980 through

January 1981 to determine the length of time turtles were in the intake

canal prior to being captured witn the nets and to determine if there was

any significant weight loss of turtles while they were in the canal.

Eleven individua'l loggerhead turtles were captured, tagged, released
~

Recapture occurred one to nine timesback into the canal and recaptured.

before the individuals were released to the ocean (Table H-8). There was

a total of 32 recaptures. The elapsed time between capture and recapture

ranged from 0.25 to 33 days, with an average of 10.3 days. Twenty-three

of the 32 recaptures (72 percent) occurred within 11 days.'

Seven of the 11 turtles were in the canal at least 15 days (range 15 ,

to 90 days, average 44 days) between first capture and subsequent release

to the ocean (Table 11-9). Weight loss dJring this time ranged from 0 to
| 2 kgs; the average was 0.7 kg. The turtles all appeared to be in healthy

con.dition when released into the ocean.
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In general, turtles entrapped in the intake canal are caught and

released within a relatively short time span and, during this time, body .

weights do not change appreciably.

i

SUM 4ARY

A gradient of increasing nest densities from north to south along

hutchinson Island has been indicated during all survey years. This gra-

dient may, in part, result from variations in beach topography which

change from year to year as a result of localized erosion or accretion.

nSubstrate . suitability, lighting and human activity may also influence

nesting activity. Low nesting activity in the vicinity of the power

plant d.aring 1975,1981 and 1982 was att.ributed to canstruction of power

plant intake and discharge systems. Nesting returned to normal levels

following construction in 1975 and is expected to do so again when pre-

sent construction activities are completed. Power plant operation since

1976 has had no significant effect on nest densities.

( There have been considerable year-to-year fluctuations in nesting

activity on Hutchinson Island from 1971 to 1982. Fluctuations are common
' at other rookeries and may result from overlapping of non-annual breeding

populations. No relationship between total nesting on the islar.d and

power plant tperation or intake / discharge construction were indicated.

Results of three years of tagging studies on Hutchinson Island indi-
,

cated that an average of two nests per year were produced by each nesting

loggerhead turtle. Based on this average, the nesting population of
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loggerhead turtles on the island has varied from approximately 1500 indi-

viduals in 1977 to over 2300 in 1982. The temporal nesting pattern of

this population may be influenced by fluctuations in water temperature.

Though natural temperature fluctuations have apparently affected tempnral

nesting patterns on Hutchinson Island, no significant effect due to power

| plant operation was indicated.

Nesting success varied among survey areas from year to year. Much

of this variation probably resulted from the same factors suggested for

variations in nest densities. Though there was a general decline in

overall nesting success from 1971 through 198.1, this trend reversed in

1982 when success rates increased in all nine areas. Reduced nesting

success in the vicinity of the power plant was indicated during 1981 and

1982. These reductions were apparently localized effects due to intake

and discharge construction. Nesting success is expected to return to

normal levels when construction is completed.

|

Raccoon predation was probably the major cause of turtle nest-

destruction on Hutchinson Island. However, a pronounced decrease in rac-

coon predation has been observed since 1977. It was assumed that reduced

predation was associated with a reduction in the raccoon population on

the island.

During 1982, forty-four loggerhead turtle nests were relocated from

the plant intake construction area. The mean clutch size for relocated

nests was 106 eggs. No correlation between clutch size and time of the
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nesting season was indicated. The average incubation period for

relocated nests was 52.8 days. Though the mean hatch success for relo-

cated nests was high (77.3 percent), it was significantly lower than that

for undisturbed nests. The difference may be exaggerated due to an arti-

ficially high average success rate for undisturbed nests.

Sixty-eight green turtle and twenty leatherback turtle nests were

recorded on Hutchinson Island during 1982. Green turtle reesting activity

exhibited considerable annual fluctuations, while annual leatherback nest

densities have continually increased since 1975.

Intake canal monitoring began in May 1976. Since that time, 702

loggerhead turtles, 67 green turtles, 7 leatherback turtles and 1 each of

hawksbill and Kemp's ridley turtles were removed from the intake canal.

The yearly catch of loggerhead turtles ranged from 33 individuals in 1976

(partial year of sampling) to 175 in 1979. The yearly catch of greens

has ranged from 0 in 1976 to 32 in 1981. Differences in the numbers of

turtles found during oifferent years and different months were attributed

| to natural variations in the occurrence of turtles in the vicinity of the

St. Lucie Plant, rather then to any influence of the plant itself.

Nine and one-half percent of the loggerhead turtles and 14.9 percent

of the green turtles removed from the intake canal since 1976 were dead.

All of the leatherbacks, the hawksbill and the Kemp's ridley were alive.
,

The majority of the dead turtles were found floating in the canal, while

| a few others were found dead in the nets. The turtle nets have since
|
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been modified and the fish gill nets removed from the area to eliminate

! or reduce mortalities caused by nets. The causes of death for the

turtles found floating are generally unknown. Drowning may occur if the

plant is off-line, but this is an infrequent occurrence. Similarly, only'

,

7 percent of all turtles were found with injuries that may have been
,

sustained during passage through the intake pipe and for the most part,

these injuries were minor. It appeared that the vast majority of the

| turtles were carried through the pipes without hitting the walls and

sustaining injury. A possible cause of dead turtles in the canals is

from turtles in already poor condition entering the ocean intakes seeking'

refuge and dying in the intake canal from causes unrelated to plant

!

|
operations. The poor condition uf many live turtles found in the canal

supports this as a possible cause of mortalities.

>

The majority of the loggerhead turtles captured in the canal ranged

from 51 to 70 cm in straight-line carapace length; the majority of the

green turtles from 21 to 40 cm. Turtles of these sizes are considered to

be sub-adults. Sixty-six percent of the turtles found alive and released

back into the ocean were considered to be in good physical condition,19

percent were in poor condition, and 15 percent were in excellent con-
,

dition.

A capture / recapture study showed that turtles entering the canal
f

l were captured in an average 10.3 days and that weight loss of turtles

that had been in the canal at least 15 days averaged 0.7 kg. In general,

turtles entrapped in the intake canal are caught and released within a

H-29
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relatively short time span and, during this time, 'cocty w91ghts do notj

change appreciably.

!

,
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Figure H-8. Number of green turtle and leatherback turtle nests
observed, Hutchinson Island, 1971-1982.
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TABLE H-1

NUMBER OF LOGGERHEAD TURTLE NESTS
IN EACH OF THE 1.25-KM-LONG SURVEY AREAS

HUTCHINSON ISLAND
.

1971 - 1982

Preoperational Operationti

Area 1971 1973 1975 1977 1979 1980a 1981 1982

66 98
1 85 110 96 48 47 -

101 1392 92 132 108 55 80 -

3 113 144 156 90 93 109 83 140

4b 152 134 73 100 123 133 67 91

5 171 126 158 106 144 111 104 169

6 218 141 250 109 233 175 139 278

126 184
7 136 127 155 76 204 -

181 265
8 238 164 281 161 237 -

164 270
9 215 182 216 187 288 -

TOTAL 1420 1260 1493 932 1449 528 1031 1634
,

a

|
0nly Areas 3-6 were surveyed during 1980.

St. Lucie Plant Site.

|

.

e
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TABLE H-2
.

ESTIMATES OF THE NUMBERS OF LOGGERHEAD TURTLE NESTS BASED ON
SURVEYS OF NINE 1.25-KM SURVEY AREAS IN 1971-1982

AND THE ACTUAL NUMBER OF NESTS FOUND 1981-1982
HUTCHINSON ISLAND

Number of nests Estimates of the
in the number of nests on Actual number

! Linear re ression nine 1.25-km the entire island of nests on the
r survey areas Regression Extrapolation entire island

j Year equation Y=a+bx)a

1971 Y = 65.87 + 4.71x 0.73 1420 5423 4544 -

1973 Y = 108.34 + 1.62x 0.60 1260 4950 4032 -

1975 Y = 61.31 + 5.36x 0.61 1493 5680 4778 -

1977 Y = 29.26 + 3.81x 0.7,4 932 3522 2982 -

1979 Y = 7.53 + 7.87x 0.96 1449 5371 4637 -

1981 Y = 44.24 + 3.61x 0.82 1031 3932 3299 3115

1982 Y = 62.35 + 6.11x 0.74 1634 6204 5229 4690

aY = The number of nests;
a = The Y intercept;
b = The slope of the regression line;
x = The distance (km) south of Ft. Pierce Inlet.

.



TABLE H-3

LOGGERHEAD TURTLE NESTING SUCCESSa
IN EACH OF THE 1.25-KM-LONG SURVEY AREAS

HUTCHINSON ISLA!;D
1973 - 1982b

.

Preoperational Operational

Area 1973 1975 1977 1979 1980c 1981 1982

52 591 67 60 62 46 -

2 76 59 70 54 56 63-

3 69 52 65 53 50 47 69

d4 78 53 54 51 46 42 57

5 75 55 50 41 41 45 58

6 62 58 49 53 44 45 68

53 657 64 55 46 54 -

56 718 71 67 48 52 -

52 629 70 61 56 61 -

" Nesting success is the percentage of total crawls that result in nests.
bFalse (non-nesting) crawls were not recorded during 1971.

c
| 0nly Areas 3-6 were surveyed during 1980.

dSt. Lucie Plant Site.

!
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TABLE H-4

NUMBER AND PERCENT OF LOGGERHEAD TURTLE NESTS DESTROYED BY RAKOONS
IN EACH OF THE NINE 1.254J4-LONG SURVEY AREAS

HUTCHINSON ISLMO
1971-1982

t

:

| Prooperational Operat!onal

| 1971 1973 1975 1977 1979 19 8 1981 1982

Area Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent
-

t

9 14 0 0
1 28 33 79 72 40 42 36 75 2 4 - -

14 14 3 2
2 30 33 71 54 27 25 18 33 4 5 - -

3 66 58 115 80 101 65 63 70 5 5 10 9 7 8 2 1

4 32 21 44 33 9 12 47 47 8 7 5 4 2 3 1 1

Y 5 6C 35 69 55 16 10 25 24 47 33 35 32 9 9 47 28

4
6 30 14 13 9 0 0 0 0 0 0 0 0 1 1 0 0*

0 0 0 0
7 5 4 2 2 1 1 13 17 10 5 - -

- - 0 0 0 0
8 63 26 66 40 24 9 3 2 1 4

10 6 1 4
9 79 37 90 49 92 43 146 78 49 17. - -

TOTAL 393 28 549 44 310 21 351 38 126 9 50 10 52 5 54 3

*0nly Areas 3-6 were surveyed during 1980

St. Lucle Plant S!te.

.



TABLE H-5

TOTAL NUMBER AND (NUMBER OF DEAD) LOGGERHEAD TURTLES
REM 0VED EACH MONTH FROM THE INTAKE CANAL

ST. LUCIE PLANT
1976 - 1982

Monthly
Month 1976 1977 1978 1979 1980 1981 1982 Total Mean !

13 19 24(3) 16 10 6(2) 88 14.7January -

8(1) 11(2) 29(1) 21(2) 11(3) 11 91 15.2February -

6 27(2) 11 14 6 14 78 13.0March -

6(2) 19(5) 17 0 10 14 66 11.0-- April -

May 2 0 3(1) 0 7 6 17(4) 35 5.0

June 0 4 10 3(1) 8(3) 6 7 38 5.4

July 7(1) 4 0 27(2) 0 1 7 46 6.6

August 2 3 12 17(2) 12 6 2(1) 54 7.7

September 1 15(1) 1 8(1) 19 2(1) 9(1) 55 7.9

October 7 9(1) 17(2) 15(3) 7 0 9(5) 64 9.1

November 5(3) 5 15(7) 13 4 0 4(2) 46 6.6

( December 9 5 4 11 8 3 1 (1) 41 5.9

i

Total 33(4) 78(5| 138(19) 175(13) 116(6) 61(4) 101(16) 702(67) -

|

|

|
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TABLE H-6

TOTAL NUMBER AND (NUMBER OF DEAD) SEA TURTLES
OTHER THAN LOGGERHEADS REMOVED FROM 1HE INTAKE CANAL

ST. LUCIE PLANT
1976 - 1982

Annual

Species 1976 1977 1978 1979 1980 1981 1982 Total Meana

green 5(2) 6(1) 3(1) 13(4) 32(2) 8 67(10) 11.3

leatherback 1 3 2 1 7(0) 1.2

hawksbill 1 1(0) 0.2

Kemp's ridley 1 1(0) 0.2

" Excludes 1976 (partial year of plant operation).

STLU11:

TABLEH-6
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TABLE H-7

RELATIVE CONDITION OF LIVE SEA TURTLES
REMOVED FROM THE INTAKE CANAL

ST. LUCIE PLANT
1976 - 1982 .

Total'a b e
Poor Good Excellent

Nun.ar of
.

Species individuals Percent Number Percent Nun.ber Percent Number Percent

. | hawksbill 1 (100) 1 (100)

Kerap's ridley 1 (100) 1 (100)

leatherback 6 (86) 1 (14) 7 (100)

greca 4 (8) 37 (76) 8 (16) 49 (100)
:

Y 1oggerhead 123 (20) 395 (65) 87 (15) 605 (100)
10

_.-

aPoor - emaciated
slow or inactive
heavy barnacle and/or leach infestation
debilitating wounds or missing appendages

bGood - normal weight
active
light to medium coverage of barnacles and/or leaches
wounds absent, healed or do not appear to debilitate the animal

cExcellent - normal or above normal weight
active
very few or no barnacles or leaches
no wounds

dThirty loggerheads and eight greens were not included because of insufficient
information.
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1ASLE H-8

SUMMAT OF LOGGERHEAD 1UitAE CAPTURE EFFICIENCY
$T. LUCIE PLANT INTAKE CANAL ,

DCTOBER 1980 - JANUARY 1981
{
i
'

!

Tag ist 1st recapture 2nd recapture 3rd recapture 4th recapture 5th recapture 6th recariture 7th recapture 8th recapture 9th recapture j,

numbers capture date (days) date (days) date (days) date (days) date (days) date (days) date (days) date (days) date (days) [

12/-2 (3) 01/09 (38)*1234.3235 10/10 10/20 (10) 11/24 (34) 11/24 (0.25) J

3261,3273 10/14 10/20(6) 10/29 (9) 11/03(4) 11/06 (3) 11/07 (3) 11/10 (3) 11/10 (0.25) 12/01(21) 12/16 (15)*
I

3263,3274 10/14 10/17(3) 11/01 (16) 11/12 (11) 11/14 (2)a

3221,3276 11/01 11/20 (19) 12/01 (II) 12/08 (7)* |
= 3264,3277 11/06 11/Un (0.25) 11/11(11) 12/01 (14) 12/03(2) 12/11 (9)*
e

] 3262,3275 11/11 11/14 (3)*

3236,3237 11/24 12/09 (15)* |

3222.3238 12/01 01/06 (36)b i

3278,3279 12/03 12/08 (5)*

3280,3281 12/04 12/12 (8)a

3282,3283 12/05 12/10 (5)a

aihe turtle was released to the oceam at this time,

bThe turtle was found dead at this time.

|

_ - - , - - - _ . . . - - . . . _ - . _ . . . . _ , . . . _ _ _ _ _ _



_ _ _ _ ___ __ . ._ . _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . . . _ __

I
:
L

!
.

!

!
;

TABLE H-9

WElGHT DIFFERENCES OF LOGGERHEAD TURTLES
BETWEEN DATES OF CAPTLRE Ale RECAPTURE ;

| ST. LUCIE PLANT INTAKE CANAL
L

OCTOBER 1980 - JANUARY 1961 |!-

] f.W--

' Tag Date of Date of last Number of Total elapsed Wolght at Wolght at last Wolght {
numbers capture recmpture r eeatures tlpe (days) capture (ka) recesrture (ka) difference (kal i

6

3234,3235 10/10 01/09 5 90 26 26 0

| 3261,3273 10/14 12/16 9 63 34 37 -2
;

't
3263,3274 10/14 11/14 4 31 45 44 -1 ;

3221,3276 11/01 12/08 3 37 73 73 0

3264,3277 11/06 12/11 5 35 26 26 0 ,

f3236,3237 11/24 12/09 1 15 17 15 -2

= 3222,3238 12/01 01/06 1 E 20 20 0

7 = 44 7 = -4.7
t
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