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O !. INTRODUCTION

The Non-Radiological Environmental Surveillance Program at Crystal
River Unit 3 is designed to determine any significant effects due to power
operation, particularly unpredicted and catostropic changes. Studies to
determine the Estuarine Ecosystem Metabolism and Community Structae
effects were conducted prior to and have been continued throughout
Crystal River Unit 3 operation. These studies indicate that the operation
of Crystal River Unit 3 does not impact the Estuarine Ecosystem
significantly beyond the impact of Crystal River Units 1 and 2 operation.

,

In 1981, most of the limiting conditions for operation were removed from1

the Crystal River Unit 3 Environmental Technical Specifications because
they were adequately addressed by the NPDES permit. The two remaining
Limiting Conditions for Operation relate to the use of chemical blocides
and corrosion inhibitors. Each is addressed below,

o Environmental Technical Specifications 2.3.1 limits the amount and
concentration of total residual chlorine in the discharge as the result,

of chlorination of the condenser water boxes. This chlorination is
designed to inhibit the growth of marine organisms in the condensers.
Due to the employment of mechanical means of cleaning the
condensers, chlorination was not required during this reporting
period.

O caviroe-eatei rechaicei s ecificetioa 2 3.2 prohibits the use ofo e
chromates as corrosion inhibitors in the circulating water system. No
chromates were used as corrosion inhibitors in the circulating water
system during the period of this report.

i
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O II. COMMUNITY STRUCTURE STUDY

The community structure study at the Crystal River site as required by
'

Specifications 3.1.1 and 3.1.4 was conducted by Applied Biology, Inc. The
.

data for the quarterly samples is in Appendix I as well as the analyses and
conclusions.

The bimonthly disolved oxygen sample was not collected for the week of
August 28,1981 due to severe weather.

O
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III. ANNUAL RECORD OF METABOLISM OF ESTUARINE ECOSYSTEMS

The annual record of metabolism of estuarine ecosystems at the Crystal
River site as required by Specifications 3.1.1, 3.1.2, and 3.1.4 was
conducted by the Department of Environmental Engineering Sciences,
University of Florida. The data for the quarterly samples is in Appendix II,
as well as the analyses and conclusions.

o The first and second quarter 1981 Spartina and Juncus dead weights
were not within two standard deviations of the preoperational study
results.

o The winter quarter 1981 Spartina and Juncus live weights exceeded
the preoperational study results by greater than two standard
deviations.

O

O
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EXECUTIVE SUMMARY

INTRODUCTION

Three electric generating units at Florida Power Corporation's

Crystal River Power Plant discharge heated effluents into a shallow basin

adjacent to the plant site. The operation of these units elevates tem-

peratures and salinities and reduces dissolved oxygen relative to levels

observed in a basin unaffected by plant effluents (the control basin).

Quarterly sampling, which began in 1977, was continued during 1981 to

determine if the operation of Unit 3, a nuclear generator, has adversely

affected benthic and salt marsh communities within the discharge basin.

O oata coiiected derire 1977 end 1981. t8e enir sear: in which Unit 3

has operated throughout the entire summer, suggested that water tem-

peratures may be raised 2* to 3*C above levels observed when only Units 1

and 2 are on-line. During these years, temperatures throughout the basin

were elevated above levels reported to be lethal for many resident

benthic organisms. However, in 1981, responses of benthic communities

were generally not m.asureably different from those observed during years

when only Units 1 and 2 were on-line.

MACR 0 INVERTEBRATES

Throughout all operational years, densities, biomass and numbers of

taxa of benthic macroinvertebrates were consistently greater in the

control basin than in the discharge basin. Communities in both areas

O experienced dramatic seasonal fluctuations in community structure in

iv
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response to changing environmental conditions. However, communities.in

the control basin appeared more stable over time as evidenced by rela-

tively high and constant diversity and evenness values. Quarterly mean

diversities in the discharge basin have consistently been lower than

those in the control basin throughout operational years. Differences in

physical characteristics between basins prior to the time Unit 3 went on-

line is probably responsible for many of these observed differences.

Marked reductions in discharge diversities during summer sampling periods

indicated that thennal effluents from the power plant were having a con-

siderable negative impact on resident benthos. However, data collected

during years of intermittent and full operation suggest that the opera-

tion of Unit 3 has 'iad little additional impact above that exerted by

Units 1 and 2. During the cooler months of 1981, discharge stations

farthest from the point of discharge had community maracteristics simi-

lar to comparable habitats in the control basin.

i

MACROPHYTES

Macrophytes in the control basin were more diverse and abundant than

those in the discharge basin during 1981. A mosaic of substrate types in

the control basin may account for much of the observed variation. Algae

has essentially disappeared from the discharge basin during operational

years. A relatively monospecific stand of the seagrass Halodule now

exists. Its distribution was limited to areas away from the discharge

canal and considerable reductions in biomass occurred throughout the

basin during the summer. Stations farthest from the point of discharge

supported a macreoFjte assemblage whose biomass equaled that of a com- h
V
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munity occupying a similar habitat in the control basin. Macrophyte

biomass in the discharge basin during 1981 was less than in the three

previous years but similar to that observed during the preoperational

study. Macrophyte assemblages outside of the inner discharge basin were

more diverse, and their distributions appear unrelated to themal con-

ditions associated with power plant operations.

0YSTER REEFS

Oyster reefs in the study area were also affected by power plant

operation. Few or no adult oysters and spat oCCJrred at the stations

closest to the point of discharge during the summer. However, the impact

to both oysters and associated fauna diminished rapidly with distance

from shore. Oyster reef communities at the outennost stations of the

discharge basin were similar to those sampled in the control basin. The

combined operation of all three generating units appears to have a

greater impact on adult oysters than the sole operation of Units 1 and 2.

However, oyster spat and associated fauna did not appear to have been

measurably affected by the additional thennal load created by Unit 3.

.

SALT MARSH

In the salt marsh habitats adjacent to the plant, both Juncus and

Spartina usually exhibited higher densities in areas not subjected to

thermal effluents. Both species also attained greater heights in areas

unaffected by power plant discharges. For Spartina, these observed

differences appeared to be related to the additional thermal load imposed

by Unit 3. However, other as yet undetennined factor (s) appear respon-

vi
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sible for observed patterns in Juncus. Biomass of salt marsh vegetation h
was similarly higher for both species in the control basin. Biomass data

were inconclusive regarding the effect of Unit 3 operation. Densities of

conspicuous salt marsh invertebrates were greater in the discharge marsh.

If this difference was related to power plant operation, it would indi-

cate that thennal effluents are stimulative rather than inhibitive.

O
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A. INTRODUCTION

i

RATIONALE AND OBJECTIVES

Marine organisms living in or on submerged substrates respond to a

variety of physicochemical factors, such as temperature, salinity, light,

oxygen tension and substrate type. Plants and animals that have similar

requirements tend to form integrated assemblages characteristic of pre-

valling environmental conditions. Benthic organisms are relatively immo-

tile, however, and once established in an area can neither avoid nor

escape subsequent environmental changes. They must either acclimate,

regulate or be destroyed. Thus, fluctuations in community structure

often indicate changing water quality. Consequently, benthic communities

O have been very useful in assessing the local impact of environmental per-

turbations, especially in coastal areas where they play an extremely

important role in ecosystem dynamics (Holland et al.,1973; Reish et al.,

1980).

!

|
| In March 1981, Florida Power Corporation (FPC) contracted Applied

Biology, Inc. (ABI), to conduct environmental monitoring at the FPC

Crystal River Power Plant in Crystal River, Florida. The purpose of the

monitoring was to assess the potential impact of thermal effluents on

resident benthic communities and emergent shoreline vegetation of the

surrounding marine area. Quarterly sampling began in April 1981 and con-

tinued in June, September and December. This report presents the find-
-

ings of that study.

A-1
i

_ . _



_

The FPC Crystal River Power Plant consists of three units with a

combined generating capacity of 1815 MW. The current nonradiological

monitoring program is mandated by technical specifications of the Nuclear

Regulatory Commission (NRC) pursuant to the licensing and operation of

Crystal River Unit No. 3, an 855-MW nuclear generator. However, all

three units at the Crystal River Power Plant use a once-through seawater

cooling system, receiving and discharging their cooling water from and

into the Gulf of Mexico through common intake and discharge canals.

Observed responses of benthic communities to heated effluents, therefore,

reflect the cumulative operational impact of all three units. To

separate the influence of Units 1 and 2 (both coal-fired units) from that

of Unit 3, data collected since March IS77, when Unit 3 went on-line,

were compared with data collected from 1972 through 1974, when only Units g
1 and 2 were operating. However, comparisons were difficult to make

because of changes in sampling methodologies since the preoperational

study. Furthermore, the operation of Unit 3 has been intennittent, and

only in 1977 and 1981 did it remain on-line throughout the entire summer,

when potential impact is greatest. Data presented in this report

refl ect, for the first time, a year of continuous operation for Unit 3

and the full impact of all three units.

Methodologies used during 1981 conform to those used since 1977 with

station locations, collection gear, replication and processing techniques

remaining essentially unchanged Macrophytes, epifaunal and infaunal

macroinvertebrates, and oyster reefs were each examined to document spa-

tial and temporal patterns of abundance and composition in their respec-

A-2
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tive communities. The salt marsh habitat, a vital element of nearshore

energetics, was also studied to provide seasonal data on densities,

heights and biomass of dominant marsh vegetation species. Data collected

during 1981 were compared with that reported for 1977 through 1980 and,

where appropriate, with preoperational dr.ta gathered from 1972 through

1974.

The general approach taken during 1981, as in other operational

years, was to compare selected community parameters between discharge

stations subjected to thennal effluents and control stations spatially

separated from them. Differences between areas supposedly would be

attributable to any additional impact of Unit 3. liowever, these com-

parisons are to a large degree inappropriate, because the discharge and

control basins had already developed ncticeably different biological and

physical characteristics prior to 1977 when Unit 3 went on-line (FPC,

1978). These di fferences resulted from a long history of physical

separation by the canal jetty system, cutting and redirecting of tidal

creeks adjacent to the plant site, and thennal effluents from the two

fossil-fuel units.

In addition to interbasin comparisons, interstation comparisons

within the discharge basin were also made during 1981 to more accurately

assess the potential impact of heated effluents. Differences among sta-

'

tions were most likely related to differences in the intensity and degree

of exposure to the discharge plume.

A-3
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O
DESCRIPTION OF STUDY AREA

.

The FPC Crystal River Power Plant is located on the west coast of

Florida (latitute 23*57'N, longitude 82'45'W) approximately 112 km north

of Tampa, Florida (Figure A-1). This region is characterized by expan-

sive stretches of salt marsh vegetation along the shoreline and long

discontinuous oyster reefs in the shallow nearshore waters of the Gulf of

Mexico. Hydrological conditions in the study area are estuarine,

resulting from the mixing of saline Gulf waters with freshwater runoff

from the Withlacoachee and Crystal Rivers and numerous tidal creeks.

Several man-made features disrupt the continuity of open water in

the study area. The Cross Florida Barge Canal (CFBC) enters the Gulf

approximately 5.4 km northwest of the plant site, and a dredged channel

extends about 15.8 km seaward (Figure A-2). Along the southern edge of

this channel are a series of relatively large spoil isl ands created

during its construction. South of the CFBC and adjacent to the plant

site, a system of jetties border the canals that direct cooling water

into and away from the three units (Figure A-2). The intake canal which
,

|

also provides deep water access for coal barges supplying fuel to Units 1
|

and 2, extends 13.7 km into the Gulf. Spoil jetties extend 11.3 and 3.7

km from shore along the intake's northern and southern edges, respec-

tively. Several breaks in the northern jetty allow the passage of boats.

North of the intake canal, the discharge canal extends 2.4 km from the

plant site to the point of discharge in the Gulf of Mexico. There, a

dredged channel extends an additional 2.1 km seaward accompanied by a~

spoil jetty along its southern edge.

A-4
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The area located between the spoil islands of the CFBC and the jetty

system of the intake canal is referred to as the discharge area. Its

physical characteristics differ noticeably from the control area located

south of the intake canal.

The discharge area substrates consist primarily of a relatively

homogeneous and often deep layer of fine sediments that have settled into

the numerous basins created by the interlacing system of oyster bars.

The primary source of sediments entering the discharge area has not been

detenni ned, but the restriction of circulation imposed by the spoil

islands of the CFBC, the canal jetty system and abundant oyster reefs all

contribute to relatively high sedimentation rates. By contrast, sedi-

ments of the control area are more heterogeneous consisting of mixtures

of sand, shell and mud of various depths overlying a consolidated

limestone layer. Often a hard substrate accurs when the limestone layer

is not covered by the unconsolidated sediments.

Long-term United States Coast Survey hydrological data are available

for the Cedar Keys region, which is slightly north of Crystal River

(McNulty et al . ,1972). Surface water temperatures range from about 5.0*

to 33.4*C with monthly means being lowest in January (14.8'C) and highest

in August (29.5'C). In addition to seasonal variations, temperatures

within the study area are influenced by thennal effluents from the power

plant. Differences between discharge and ambient water temperatures vary

in relation to the number of units on-line and the capacity at which each

is operating.

A-5
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Within the discharge basin, plume waters do not affect all stations

equally. Different isothenns exist and their positions are dependent

upon the movement of the plume with tidal changes. At maximum flood tide,

plume waters recede towards the salt marshes and move slightly north. As

the tide ebbs, the plume waters narrow and extend westerly, parallel to

the discharge canal spoil bank (van Tine,1977). Isothenn configurations

for the discharge area were reported by Klausewitz (1979). In the

summer, during ebb flow, Stations 1, 7 and 6 are located in the +4' to

+5*C isotherms (degrees above ambient; AT). Temperatures decline along a

northerly gradient away from the spoil bank. At flood tide in the late

summer, the entire basin is located in the +5' to +6*C isothenns (3-ft

level). Winter isothenns are similar to the summer ones, although winter

ATs are higher (up to +10*C) . The stations closest to the point of h
discharge, therefore, are continually exposed to higher than ambient tem-

peratures and as one moves either north or west from the point of

discharge, the effects of the plume diminish.

|

Salinities within the study area are influenced by freshwater

I discharges from the Withlacoochee and Crystal Rivers (Figure A-2). The

3 liters /sec (1183 cfs) andWithlacoochee has an average flow of 33 x 10

enters the Gulf 6.4 km northwest of the plant site. The Crystal River,
I

which enters the Gulf 4.8 km southeast of the plant, has an average flow
i

1

of 22.2 x 103 liters /sec (785 cfs). Additionally, freshwater runoff from

the CFBC and numerous tidal creeks reduce nearshore salinities. Annual.

precipitation is about 140 cm (55 in.) with more than 50 percent of that

amount falling from June through September (Grimes,1971).

A-6
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Longshore currents have historically produced a southerly net flow

of nearshore Gulf waters, and Lyons et al. (1971) reported a north-to-

south gradient of increasing salinities. However, since the construction

of the CFBC and canal jetty system, circulation patterns have been

altered and distinctly different salinity regimes now exist in discharge

and control areas. High salinity offshore waters are drawn through the

intake canal and channeled into the discharge basin so that salinities

there are considerably higher than those in the control area.

Furthermore, plant effluents often form a wedge under less saline water

flowing south into the discharge area from the Withlacoachee River and

CFBC (Griffin, 1971). When this occurs, an inverted thermal layer is

produced, and benthic organisms are exposed to the full impact of heated

O waters.

Gulf waters in the study area are shallow, varying from intertidal

around the oyster bars and near shore to about 3 m in the depressions

between bars. Diurnal tidal range in the region is about 1 m. Although

Dawson (1955) reported that the tops of many oyster reefs were exposed

except during spring high tides, more recent personal observation

suggests that most reefs are completely covered during normal high tides.
;

I - Extremely low tides may occur during fall and winter when predominantly

northeasterly winds force water seaward from inshore areas during ebb

tides and retard the flow of incoming water during flood tides. Stations

located close to shore may be exposed during these periods.

i O
-
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Emergent geological and biological structures fann a series of rela-

tively distinct basins throughout the study area. The basins nearest to

shore in both discharge and control areas were selected as primary

sampling sites during operational studies (Figure A-3 and Table A-1).

Extensive transects seaward of these inshore basins were used to monitor

macrophyte distribution and composition (Figure A-4). The location of

oyster reef and salt marsh stations are presented in Figure A-5.

BACKGROUND

Construction of existing canals and dikes for the once-through

seawater cooling system of the Crystal River Power Plant was completed in

1966. The following year, hydraulic dredging of the Cross Florida Barge

gCanal channel and construction of its associated spoil islands was

finished. Prior to these activities, published infonnation regarding the

biology, hydrology and geology of the area was scarce.

Dawson (1955) conducted a survey of the oyster resources of the

Crystal River area and provided a sunnary of existing hydrological con-

ditions. He characterized most of the nearshore area as being very

shallow with depths averaging not more than 1 m. Deeper areas were noted

| in the basins between oyster bars. From September 1951 to August 1952,

salinities in the present study area fluctuated widely, ranging from
1

about 8 to 28.4 ppt (mean of 16 ppt). The basin bottom consisted of

various mixtures of sand, mud and broken oyster shell.

O
A-8
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Seseral years later, Phillips (1961) provided a list of algae and

seagrasses occurring in an area just south of the present study site.

iiis observations on bottom type, water depths and hydrological conditions

generally agreed with Dawson's.

Crystal River Unit 1 began operating in July 1966. At that time,

other units were in various stages of planning and construction. Acting -

on recommendations from federal regulatory agencies, FPC and the Floridat

Department of Natural Resources joined in an effort to develop a moni-'

toring program to assess potential effects of heated effluents on the

marine environment adjacent to the plant site. An ecological survey was

designed to provide baseline data during a period when thermal effects

were minimal . It began in January 1969 and continued until July 1971.

During November 1969, Unit 2 became operational.

Grimes (1971) presented the first in a series of papers reporting

results of the baseline study. He described the substrate west of the

plant site as hard sand to rock covered with mud near the natural shore-

line and silt in areas where dredging and draglining had occurred. It

was suggested that canal construction may have caused some of the

observed siltation. Reference was also made to the occasional occurrence

of inverse stratification within the discharge area due to the greater

salinity of intake waters. It was also noted that fish species diversity

in the discharge increased slightly in the winter and decreased in the

sumer relative to diversities of ichthyofauna in unaffected areas.

A-9
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O
Lyons et al. (1971) reported collecting 286 taxa of invertebrates

from the study area, most of which were molluscs and arthropods. Most of

these invertebrates were estuarine forms having wide geographical ranges

of distribution. Salinity was found to be more important than tem-

perature in determining local invertebrate distributtons.

Steidinger and Van Breedveld (1971) identified 106 taxa of marine

algae and 5 species of seagrasses from areas near the plant site and pro-

vided seasonal and spatial information on each. They indicated that

observed declines in species diversity between 1969 and 1970 were prob-

ably not attributable to thennal effluents. However, alteration of

substrata caused by siltation from dredging operations was mentioned as

one possible cause of these declines.

Grimes and Mountain (1971) further documented the existence of

inverse thermal stratification as well as suppressed sunner diversity of

fishes in the discharge area. The pattern of increasing diversity of

invertebrates from north to south was also documented for fishes. This

pattern was apparently related to salinity gradients and/or to greater

habitat destruction from dredging operations at northern stations during

construction of the CFBC.

Mountain (1972) completed the series of Crystal River baseline

reports with a sumnary of findings and an annotated list of 95 fish spe-

cies collected during the two and one-half year study.

A-10
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From 1972 to 1974, FPC contracted the Systems Ecology Group of the

Department of Environmental and Engineering Sciences at the University of
,

Florida to provide preoperational data for the Crystal River Power Plant

in anticipation of the start-up of Unit 3. The resultant studies

addressed a wide range of environmental concerns, che findings of which

were presented in a four-volume report (FPC,1974).

In March 1977, Unit 3 went on-line and a concurrent operational

study was initiated. The consulting finn of Metcalf and Eddy conducted

quarterly sampling at the Crystal River Power Plant from 1977 to 1980

(FPC,1978,1979,1980,1981). Where appropriate, operational data were

compared with 1972 through 1974 preoperational data. However, con-

siderable changes in sampling methodologies occurring between preopera-

tional and operational studies made comparison difficult. Furthennare,

Unit 3 was down from 3 March to 29 September 1978, 23 April to 1 August

1979, and 25 February to 13 August 1980. Thus, prior to 1981, no single

year's data reflected an entire year of continuous plant operation.

In 1981, Applied Biology, Inc., assumed monitoring responsibilities

for on-going, operational studies. Quarterly sampling began in April and

continued through December. During the year, Unit 3 experienced only

five periods when the plant was down for more than a few days. These

outages ranged from 12 to 18 days. The plant remained on-line throughout

the summer, except for two weeks in July.

A-11
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One final aspect of the plant history regards resuspension of bottom

sediments from dredging operations. Since the construction of the Cross

Florida Barge Canal and canal system of the power plant, sedimentation

rates in the study area have been high (Cottrell, 1974), and considerable

shoaling in the intake canal has occurred. Periodic maintenance dredging

has been required to keep canal depth at navigable levels. In February

1979, dredging began to increase the controlling depth of the intake

canal to 20 ft to accomodate larger barges supplying coal to the plant

site. Construction was completed in March 1981. Each of these dredging

projects has added to the natural suspended sediment load in the low

energy area between the Withlacoachee and Crystal Rivers.

STATEMENT OF INTENT

Due to the ecological importance of benthic organisms and their use-

fulness as indicators of localized envi ronmental perturbation, the

current nonradiological monitoring program was designed to meet the

following objectives:

!

1. Detennine the identity, abundance, diversity and distribution
of plants and animals inhabiting the shallow coastal waters

,

'

adjacent to the Crystal River Plant site;

2. Detennine whether benthic communities exposed to power plant
effluents are similar to assenblages in an unaffected area to
the south, in tenns of species composition, diversity, bicmass
and abundance;

3. Determine the impact of Unit 3 on resident benthos by comparing
community structure during periods nf continuous and intermit-

! tent operation with data collected during preoperational years.

Salt marsh habitats were also examined to detennine if dominant grasses

in the discharge basin differed, in tenns of density, stem height and h
biomass, from those in the control area.
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The biotic collections requested by Florida Power Corporation and-

the gear, number of stations, replication and sampling frequency used in

the various programs are listed in Table A-2. -

NUMERICAL METHODS'

Statistical treatment of quantitative benthic community data was

perfonned quarterly using both station and basin results. Station means ,

were detennined from replicate values. Basin means, standard deviations
1

and ranges were derived from station means at seven discharge and five

control locations. Differences between basin means were tested for

significance with the t statistic. However, to improve the sensitivity

of the tests, the number of observations for each basin was. increased by
I

using replicate values rather than station means. Thus, benthic core

observations (5 replicates per station) increased from 7 (discharge) and'

5 (control) to 35 and 25; macrophyte biomass observations (3 replicates

per station) increased from 7 (discharge) and 5 (control) to 21 and 15;
'

and oyster reef observations (2 replicates per station) increased from 6

(discharge) and 3 (control) to 12 and 6. In most instances, data

transfonned using lo9e (x + 1) showed reduced coefficients of variance,
and transfonned data were used for statistical testing. Before applying

the t statistic, basin results were tested for homogeneity of variance

with an F statistic. If the null hypothesis was rejected (i.e., S2,

2S ), an approximation of t based on unequal variances was computed.

Unless otherwise noted, all figures presented in the text represent

actual arithmetic means computed for untransfonned data.

A-13
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Differences ar/ong stations were tested for significance by analyses
>

,. ,

of variance (ANOVA). , Variances were first tested for homogeneity and,
'

where necessary, . the data were transformed to meet test criteria. If-

significant differences were detected, Duncan's multiple range test was

applied 'to determine which stations were different. Unless otherwise

noted, all ANOVA and t-tests were conducted at the P10.05 probability
,

level.

/

Various biological indices were used for examining differences in

comnunity structure between stations and basins. Their applications and

formulae are presented in Table A-3 and summarized in Table A-4.

O

O
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TABLE A-l

CHARACTERISTICS OF BENTHIC SAWLING STATIONS
CRYSTAL RIVER PROJECT

1981

0herved Observed Observed Depth relative
D.J. range temperature range salinity range to mean low water

Station (ppm) ( *C ) (ppt) (cm) Substrates Macrophytes

1 4.7-9.5 22.5-37.5 28-32 18 Muddy sand none

2 0.4-9.4 22.9-34.1 28-32 32 Muddy sand Halodule wrInhtli

3 2.5-9.8 23.0-33.4 28-31 33 Muddy sand Primarily Halodule
wrightil, patches of
Thalassia testudinum
and red algae

4 3.2-10.0 22.2-33.7 28-32 47 Muddy sand Halodule wrichtli

5 3.9-10.4 22.5-34.7 28-32 49 Muddy sand Halodule wrightll

? 6 4.9-10.2 21.9-36.5 28-32 62- Muddy sand Primarily Halodulo
y wrightll, patches of

red algae

7 5.1-8.1 22.0-37.3 28-32 35 Muddy sand none

8 5.8-9.9 21.0-30.6 20-28 28 Muddy sand Primarily Ruppla marl-
tima, patches of Halo-
dule wrightll and mixed
algae

9 4.6-9.9 19.8-30.5 20-28 40 Partially exposed Primarily mixed algae,
limestone overfald patches of Rupple
by gravelly sand maritima

10 4.4-10.2 18.9-30.3 22-28 77 Partially exposed Mixed seagrasses and
limestone overlaid algae
by muddy sand

11 5.5-8.8 18.5-30.3 22-30 78 Partially exposed Mixed algae
limestone overlaid
by sand and scat-
tered large shells
and rocks

12 4.5-8.7 18.5-30.1 22-28 61 Partially exposed Mixed algae, pel-
limestone overlaid marily Caulerpa sp.
by muddy sand and
oyster shells
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TABLE A-2

SUMMARY OF BENTHIC SAMPLING PROGRAM BEING PERFORMED
CRYSTAL RIVER PROJECT

1981

.

Number of Number of Sampling Sieve Total samples
Type of gear Biota sampled Data sets stations ' replicates frequency size annually

10-cm diameter Small macroinverte- Species 12 5 Quarterly 0.5 mm 240
corer brate infauna and composition

epifauna Diversity
Abundance
Biomass

Suction dredge large macroinverte- Species 12 1 Quarterly 0.3 cm 48,

L brate infauna and composition
epifauna Diversitya

Abundance
Biomass

50 x 50-cm box , Macrophytes Species 12 3 Quarterly N/A 144
composition

Biomass

2Transect 1-m Macrophytes Species Approxi- 5 Quarterly N/A Approximately
quadrats cranposition mately 150 3000

Percentage
t

coverage
'

General
condition

50 x 50-cm box Oyster reef fauna Species 9 2 Quarterly 0.2 cm 72
composition

Diversity
Abundance
Biomass

O O O
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TABLE A-2
(continued)

SUMMARY OF BENTHIC SAMPLING PROGRAM BEING PERFORMED
CRYSTAL RIVER PROJECT i

1981

Number of Number of Sampling Sieve Total samples
Type of gear Biota sampled Data sets stations replicates frequency size annually

50 x 50-cm Salt marsh grasses Abundance 2 5 in Juncus Quarterly N/A 112
quadrats and epifauna Biomass 9 in Spartina

General
condition

!

!

; 0?

i

!

i
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TABLE A-3

EXPLANATION OF METHODS USED IN THE ANALYSIS OF
BENTHIC COMMUNITY DATA
CRYSTAL RIVER PROJECT

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 comnunity. Their use is based on the generally observed phenomenon

that undisturbed environments support comunities having large numbers of

species with no individual specias represented in overwhelming abundance

(EP A , 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, g

The most widely used measure of species diversity is the.information

diversity index. This index considers two aspects of community species-

numbers relationships: species richness (the number of species in rela-

tion to the number of individuals) and species evenness (the distribution

of individuals among species). A decrease in either. component of infor-

mation means a decline in diversity.

The Shannon-Weaver infonnation function (H') calculates mean diver-

sity (i.e. , the degree of uncertainty attached to the specific identity

of any randomly. selected individual; Pielou,1966):

hH' = - rp log pgj
i=1
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where: s = total number of species in the sample, and |
|

p = proportion of the total sample represented by the ith !
g

species.

However, as Lloyd et al. (1968) argued, if' p 's are to be estimatedg

(i.e. , the actual community composition is unknown) as p = n /N, theng g

the fomula 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 fomula pre-

sented by Lloyd et al. (1968) using base 2 log:

h(Nlog10N-En log 10 "i)H' =
g

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

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' ,
where: H ', log 2 S (for H' computed with base 2 log).=

Evenness values may range from zero to one.

O
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RAREFACTION DIVERSITY (Sanders,1968)

The rarefaction method of graphically calculating species diversity

was formulated to directly compare samples of differing 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 absculute 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

determined.

MCCLOSKEY'S (1970) INDEX OF FAUNAL DOMINANCE

This index ranks each species taken in a series of samples to deter-

mine the most domi nant species. Use of this index disregards sample

size. The species in each sample are ranked for dominance by their

biological index value (BIV), which is obtained by giving 10 points to

the species that 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.

O
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MORISITA'S (1959) INDEX OF COMMUNITY SIMILARITY: CA

This index is used to compare the faunal similarity of two samples

by taking into account the abundances of common species, total abundances

in each sample, and their respective diversities.

Morisita's index is based on Simpson's index of diversity ( A):

Int (ni-1)
A=

N(N-1)

where: N = total number of individuals,

n1 = importance value (abundance, biomass, etc.) of the
tin species.

Using subscripts 1 and 2, the A values of two samples may be

O eiffereetietea:

I ("1 -1)In (n -1) In 2 2
it i l and A2

"
,

N (N -1)N (N -1) 2 21 i

Morisita's index of similarity between communities may then be calculated

by the following fonnula:

2rn i1n2

CA = (11+Ag)N NI2

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 communities.
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RELATIV2 COMMONNESS

To characterize the structure of communities, it is essential to

delineate those species that are most abundant and ubiquitous. Several

methods have been used for ranking species according to their commonness.

The two most commonly used in benthic studies are those proposed by

Sanders (1960) and McCloskey (1970). Both of these methods produce a

qualitative rather than a quantitative assessment of relative commonness.

This study utilized a quantitative measure of relative commanness (I)

given by the function:

I, = (n /N) (c;/C) x 100 = A'U' x 1009

Total number of individuals of species i;where: n,
=

,

Total number of individuals of all species;N =

OTotal number of cores in which species i occurred;=c,

Total number of cores taken.C =

Function A' is the relative abundance of species i and function U' is the

relative frequency of occurrence (relative ubiquity) of species 1.

is the percent probability that anAssuming independence of A' and U', Ij
individual randomly collected from the study area will be species i.

!
~

e
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TABLE A-4

SUMMARY OF NUMERICAL METH00S USED FOR ANALYZING COMMUNITY STRUCTWE
CRYSTAL RIVER PROJECT

1981
,

,

Test Description use
f

; t-test (Sokal & Rohlf,1969) Parametric statistic used for comparing used to determine if significant dif-

| two sample means. forences existed between discharge and
! control basins for a verlety of con-

munity parameters.

ANOVA (Sokal & Rohlt,1969) Parametric statistic used for comparing Used to determine If significant dif-
more than two sample means. forences existed among stations for a

verlety of community parameters.

Duncan's multiple range test Parametric statistic for determining Used in conjunction with ANOVA.
(Sokal & Rohlt,1969) If sample means are significantly

dIfforent.

Shannon Weaver Index of diversity Calculates mean diversity of a sample Used for measuring the quality of the
and evenness componsnt (Lloyd et. based on the number of species present environment and the offact of Induced
al., 1968; Pielou, 1966) and the way in which Individuals are stress on community structure.

> distributed among those species. The
b observed diversity is then compared to

a hypothetical maximum diversity basedd

on the number of species in the sample.'

Rarefaction Diversity (Sanders, Compares diversity graphically using Produces species abundance curves
1968) species abundance curves that have (number of Individuals plotted against

been adjusted to render all samples equal number of component tawa) that are used
| In terms of number of Individuals. for comparing diversity among stations.

McCloskey's (1970) Index of Assigns biological Index values (BlV's) Used to compare dominant taxa collected
dominance to species based on their numerical at discharge and control stations.

dominanca in each of a series of samples.

Index of Relative Commonness Determines the percent probability of Combines both relative abundance and
(ABI, 1980) randomly selecting a particular species frequency of occurrence of each species

from a parent community. to determine dominant taxa.

Mortsita's (1959) Index of Utilizes the abundances of shared species, Produces treills diagrams that are used
Community Similarity total abundances and diversities to compare for making interstation comparisons of

two samples. faunal similarity.

l
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B. PHYSICAL AND CHEMICAL MEASUREMENTS .

,

INTRODUCTION

The physicochemical characteristics of 'sater directly or indirectly

determine the biotic composition of any aquatic ecosystem. In the marine

envi ronment, temperature, salinity and dissolved oxygen are among the

most important water quality parameters affecting organisms.

Temperature influences behavior, regulates reproduction, metabolism,

growth and development, and sets limits for survival (Phillips, 1960;

Kinne, 1963; Prosser, 1973; Giese and Pearse, 1974; Patrick, 1974).

Every species has a range of temperatures that it can tolerate. Within

that range, optimal levels for survival vary depending on life history

stage and prevailing envi ronmental conditions (Kinne, 1967; Prosser,

1973). By acting on individuals, temperatures also affect community
.

structure. Changes in abundance, biomass, productivity, species rich-

ness, diversity and species composition may result from perturbations in

natural temperature regimes (Warinner and Brehmer, 1966; Bader and

Roessler,1972; Virnstein,1972; Patrick,1974; Blake et al.,1976).

Salinity is a measure of the salt content of water, and marine orga- '

nisms vary in their ability to tolerate salinity changes. Thrcagh its

influence on physiological processes, salinity can detennine the distri-

bution of organisms (Gunter,1961). As with temperature, it can also

' strongly affect community composition (Phillips, 1960; Boesch, 1972;
O Hum,1973; Boesch et al . ,1976).<
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hAdequate levels of dissolved oxygen are essential for the main-

tenance of marine life. The amount of dissolved oxygen in the water is

affected by biological activities such as respiration and photosynthesis,

as well as numerous other physical and che:aical processes occurring in

the environment. Dissolved oxygen, in turn, af fects physiological acti-

vities and thereby sets limits for survival. In areas where dissolved

oxygen levels fluctuate widely, community structure may undergo dramatic

changes (Santos and Bloom,1980; Santos and Simon,1980).

Temperature, salinity and dissolved oxygen have measurable effects

on biological systems. However, when acting in concert with other fac-

tors, they typically produce different effects than when acting alone

(Kinne, 1967; Vernberg and Vernberg,1974). Temperature, for example,

indirectly acts upon biota by influencing the solubility of gases and

solids in water, and changes in salinity and dissolved oxygen alter ther-

mal tolerance limits of organisms (Prosser,1973).

The purpose of the present monitoring program was to characterize

existing physicochemical conditions within the study area and to relate

observed seasonal and spatial patterns of water quality parameters to the

abundance and distribution of resident benthic organisms.

MATERIALS AND METHODS

Surface and bottom water temperature, salinity and dissolved oxygen

were monitored quarterly at seven discharge and five control stations

(Figure B-1). Measurements were taken concurrently with benthic core g
|
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O co,llections, and all stations were sampled on the same Jay. Temperatu*e

(to the nearest 0.1*C) and dissolved oxygen (to the nearest 0.1 ppm) were

measured with a YSI Model 54 D0 meter, and salinity (to the nearest 1

ppt) was determined with an American Optical temperature-compensated,

hand-held refractometer.

RESULTS AND DISCUSSION

Mean bottom water temperatures in the discharge basin were signiff-

cantly higher than those in the control basin during all sampling periods

of 1981 except April (Figure B-2). Minimum temperatures in both basins

were observed in late November, and annual maxima were observed in June.

Because Quarter 3 measurements were taken on 31 August, two sets of

p. summer temperature data are available. This is potentially the most
J'

critical period for benthos in the discharge basin because ambient tem-

peratures are elevated toward and beyond lethal limits by thennal

discharges from the power plant. During June, the warmest observed tem-

perature in the discharge basin was 37.5*C (Station 1), and all discharge

station values exceeded 33*C. By late August, temperatures had declined

somewhat but remained above 31*C. Stations closest to the discharge

canal were consistently the warmest, and temperatures decreased with

increasing distance from the point of discharge (Stations 1, 7 and 6 in

decreasing order).

By contrast, control basin temperatures never exceeded 31*C, and

station temperatures varied only 1* to 2*C during all sampling periods.

Station 8 consistently had the wannest temperatures, and Station 12 was

the coolest.
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Mean bottom salinities in the discharge basin were significantly g
greater than those in the control basin during all 1981 sampling periods

(FigureB-3). In both basins, highest values were recorded in August and

lowest values in April. Salinities differed among stations within each

basin by no more than 2 ppt during any sampling period.

Seasonal variation of dissolved oxygen exhibited similar patterns in

both discharge and control basins (Figure B-4) and these were in opposi-

|
tion to annual trends depicted for bottom water temperature (Figure B-4).

|
Mean dissolved oxygen values were significantly greater in the control

( basin during all sampling months but Nove:nber. Lowest values in both
j

basins were observed in June. Highest values were observed in late

November in the discharge basin and in April in the control basin.

During the summer,-dissolved oxygen levels in the discharge basin fell as

low as 0.4 ppm at Station 2, and the dissolved oxygen range among

discharge stations approached 5.0 ppm. Throughout the remainder of the

year, discharge station values for a given period ranged only 2 to 3 ppm.

In the control basin, observed dissolved oxygen levels were never below

4.4 ppm, and station values for a given period ranged only 1 to 2 ppm.

Water quality parameters are based on readings taken only one day

each quarter. In the shallow waters around the plant site, temperature,

salinity and dissolved oxygen are influenced by many factors including

air temperature, water depth (tidal stage), wind direction and velocity,

currents, precipitation, and, in the discharge basin, by plume con-

figuration. Thus, at any one location, temperature, salinity and
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Iv dissolved oxygen may vary considerably over a relatively short time.

More frequent monitoring and/or the use of pennanently positioned

recording devices (e.g. thennographs) would be required to accurately

depict spatial and temporal patterns of these water quality parameters.

Furthermore, the lack of stations in the discharge area beyond the inner
=

discharge basin make it impossible to determine the total extr nt of plumee

i nfluence.

Although data presented in this report depict only general trends,

it is apparent that very high temperatures and low dissolved oxygen

levels existed in the discharge basin during the summer. Furthermore,

because of the relatively high salinity of plant effluents, thennal

inversions probably occurred (Grimes and Mountain,1971), thus exposing

benthic communities to the wannest portion of the plume.

Operational Trends _

Long-tenn temperature data showed a trend of consistently higher

water temperatures in the discharge basin than in the control basin

because of power plant operation (Figure B-5). During 1981, the mean

bottom water temperature of the discharge basin (35.3*C) reached the

highest level recorded since operational monitoring began in 1977. This

was also the first year that Unit 3 remained on-line throughout the year.

.

Of primary ecological importance, mean summer water temperatures

during surveys in the control basin have' rarely exceeded 30*C and have

never risen above 32*C. By comparison, mean summer' temperatures in the

B-5
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discharge basin have consistently exceeded 30*C and, during three of the

five operational years, they have exceeded 32*C. Studies conducted at

power plants throughout Florida suggest that temperatures above 32' to

33*C are harmful to local marine life when sustained over the natural

tidal cycle. Where these high temperatures have persisted, changes in

benthic community structure have occurred (Bader and Roessler, 1972;

Virnstein, 1972; Thorhaug et al., 1978).

Similar to temperature patterns, long-term salinity data indicated

that mean bottom salinities in the discharge basin have consistently been

greater than those in the control basin (Figure B-6). Because co.inities

in the study area are influenced primarily by precipitation patterns and

hstream discharges, the lowest salinities are expected during fall

following heavy summer rainfall. However, throughout operational years,

salinities were highest during fall. Thus, lag-time between periods of

greatest precipitation and highest stream discharges must be con-

siderable. Data presented by McNulty et al. (1972) for 1964 and 1965

indicate that stream discharge in the area was greatest between December

and May. This accounts for the low salinities generally observed during

spring each year.

Preoperational Comoarisons

Previous comparisons of preoperational and operational data have

been made using annual mean temperatures of discharge and control basins.

It seems more appropriate to examine maximum temperature data to deter-
Omine greatest potential impact of plant operation on benthos in the
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O
discharge. In 1973, when only Units 1 and 2 were on-line, discharge tem-

peratures from June through August were consistently 35'C or greater

along the discharge canal and about 32* to 33*C elsewhere in the basin

(Smith,1974). Between 1977 and 1981, when Unit 3 was operating inter-

mittently, wa nnest summer temperatures were 37*C along the discharge

canal and about 34*C elsewhere in the basin (FPC,1981). During 1981,

Unit 3 remained on-line throughout most of the summer, and water tem-

peratures reached 37.5*C along the canal and approximately 34*C elsewhere

in the discharge basin. Thus, it appears that Unit 3 may elevate bottom

temperatures about 2* to 3*C above those occurring when only Units 1 and

2 are on-line. However, no infonnation is available relative to the

thermal histories of individual stations, and it is therefore difficult

O te eetem#iee t8e 9ersistence er these ais8 tempereteres et a nerticeiar

location. Furthennore, because reported temperature data for operational

years were based on so few data points, it is possible that observed

maxima are uncharacteristic of prevailing conditions. Nevertheless, it

appears that di scharge water temperatures approached reported lethal

limits for many local benthic organisms when only Units 1 and 2 were on-

line and exceeded them when all three units were operational.

Water temperatures for the control basin remain similar to those

reported during the preoperational study, summer values averaging about

30*C.

O
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O
SUMMARY

Three FPC electric generating units at Crystal River, Florida,

release heated waters through a common discharge canal into a shallow

basin adjacent to the plant site. Thermal effluents significantly

increase water temperatures in the basin above ambient levels and, during

the wam sumer months, temperatures may exceed tolerance limits for many

resident benthic macroinvertebrates. Because power plant discharges are

more saline than typical basin waters, themal inversions may occur,
,

exposing benthic organisms to the full impact of themal stress. Low

sumer dissolved oxygen levels in the discharge basin may further com-

pound the problem by reducing thent.al tolerance levels.

Parameters of water quality within the study area have the capacity g
for appreciable change over relatively short periods cf time, and it is

uncertain if measurements taken over a few days each quarter are repre-

sentative of prevailing conditions. Furthermore, the persistence of high
|

| temperatures is equally as important in detemining the effects of ther-

mal stress as the absolute levels attained. Thus, thermal histories for

each station vauld i a required to accurately define the zone of greatest

potential impact.
i

The operation of Unit 3 appears to raise discharge basin tem-

peratures 2* to 3*C above those occurring when only Units 1 and 2 are on-

line. If 32* to 33*C is considered the threshold of lethal temperatures

for resident invertebrates, communities at Stations 1, 7 and 6 (in

decreasing order) are exposed to lethal temperatures during sumer
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.

regardless of the operational status of Unit 3. Stations elsewhere in

the basin experience sublethal conditions when only Units 1 and 2 are on-

line and lethal levels when all three units are operating. Thus, the

zone of greatest potential icpact is widened by the additional themal

! load exerted by Unit 3.

.

; o

:
i

!

|
|

|O
:
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C. BENTHIC CORE
'

INTRODUCTION

The macroinvertebrate benthos is an essential component of coastal

marine ecosystems. Benthic macroinvertebrates exhibit a vast diversity

of fonn and function and, as a result, occupy a wide variety of microhab-

itats and virtually all trophic levels. Although most benthic macroin-

vertebrates are of no direct economic importance, they constitute a major

food source for many economically important species. Consequently, the

well-being of these important marine species depends upon the well-being

of the benthic fauna.

The benthic fauna can also affect the chemical, physical and biolog-

ical nature of the immediate environment. For example, the burrowing

activities of certain species bring nutrients to surface layers of the

substratum (Rhoads, 1973; Everesc and Davis, 1979). This activity,

coupled with the fragmentation of large detrital particles during
I

feeding, can accelerate microbial respiration. Increased microbial

respiration subsequently lowers dissolved oxygen levels and pH in the

water column (Driscoll,1975) and increases the rate of detrital decom-

position (Fenchel, 1970, 1972; Oriscoll,1975). Through modification of

the physicochemical nature of the environment and through direct biologi-

cal interactions, the benthic fauna also influences the biological struc-

ture of the communities they inhabit (Woodin,1976; Myers, .1977; Rhoads

et al . ,1977) .

O
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Because of their habitat preferences, low motility and relatively

long life spans, benthic macroinvertebrates are particularly suitable as

water quality indicators (Holland et al.,1973). For example, benthic

communities have been used to assess the effects of temperature (Wariner

and Brehmer, 1966; Virnstein,1972), salinity (Boesch,1972; Boesch et

al., 1976; Rosenberg and Moller, 1979), water depth (Sanders, 1968),

current (0'Gower and Wacasey,1967), substrate (Sanders,1958; McNulty et

al.,1962; Bloom et al.,1972) and various pollutants (McNulty, 1961;

Anger, 1977; Reish et al., 1980).

The benthic core program was designed to provide quantitative data

relating to the structure of macrainvertebrate communities inhabiting the

shallow coastal area adjacent to the Crystal River Power Plant. Because

of the corer's size, it is selective for the smaller epifaunal and

infaunal forms, which compose the majority of macroinvertebrate taxa and

numbers of individuals. Comparisons of fauna collected by cores in the
1

discharge and control basins may provide the most useful information on

| the effects of plant operation on benthic macroinvertebrate community

structure.

|

MATERIALS AND METHODS

Field Procedures

Benthic core samples were taken quarterly at seven discharge and
,

five control stations (Figure C-1). At each station, five replicates

;

were obtained using a 10-cm diameter aluminum corer equipped with a top

vent (Figure C-2). The corer was inserted 15 cm into the substrate, the h
C-2
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,

top vent closed and a core extracted. If substrate composition prevented

penetration to 15 cm, the corer was inserted as deep as possible. All

replicates were taken within a 15-m radius of the station marker and were

spaced at least 3 m apart. Sediment temperature was measured at each'

.

'

station by inserting a mercury thermometer into one of the core samples.

The cores were sieved in the field in a bucket fitted with a 0.5-mm

mesh screen (U.S. standard sieve No. 35). Material retained on the sieve

screen was transferred to a labeled plastic container and preserved in

j 10-percent buffered seawater formalin containing Eosin B and Biebrich

Scarlet stains (Williams,1974).

Laboratory Procedures
,

In the laboratory, the samples were again rinsed on a No. 35 stan-
'

dard sieve to remove excess preservative and fine sediments. The

material was sorted under a dissecting microscope at low power, and the
;

fauna was removed, separated into major groups and preserved in

50-percent isopropyl alcohol. Individuals within each major group were

I subsequently enumerated and identified to the lowest practicable taxono-

mic level.

Both wet and dry weight biomass determinations were made for each'

phyla present in a replicate (except for molluscs and chordates, which

were treated by class). Wet weights were obtained after straining the

! sample through a 0.272-mm mesh screen and then removing excess liquid

: O with a paner te ei. Orr weie8ts were e8teined after drxine t8e sempie in
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an oven for 24 hours at 70*C. Both wet and dry weight detenninations

were made to the nearest 0.001 g using a Mettler E54AR side loading

balance.

RESULTS AND DISCUSSION

Abundance

During 1981, 384 macroinvertebrate taxa (Table C-1) and almost

33,000 individuals were collected by benthic cores. The majority of

individuals were taken from the control basin, even though sampling

efforts within the discharge area were greater (seven discharge versus

five control stations). When mean densities for each basin were sta-

tistically compared, significant differences were found during June,

August and November (Figure C-3).

Annual trends were the same in both basins. Densities were highest

in April, declined in late August and then increased to intennediate

levels in late November (Figure C-3). Mean densities were especially

reduced in the discharge basin during June and late August, a period of

very high water temperatures (Figure B-2). Declining densities in the

control basin over this same period suggest that reduced summer abundan-

ces of smaller benthic macroinvertebrates are a natural phenomenon within

the study area; however, the magnitude of the difference bet.veen basins

is significant. Even at their lowest 14vels, benthic fauna in the

control basin outnumbered discharge benthos by a factor of three.

Furthermore, density reduction in the discharge basin lasted for a longer

portion of the year. h
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Within each basin, densities va ried considerably among stations

(Tables C-2, C-3 and C-4). Stations 1 and 7 in the discharge consist-

ently had the lowest densities. These two stations are located closest

to the point of discharge (Figure C-1) and were the only stations in the

basi'n devoid of vegetation. The lack of vegetation reduced the number of

available habitats, and stressful conditions imposed by the discharge

plume reduced the suitability of the habitats that remained. These cir-

cumstances . ultimately resulted in an impoverished fauna. During both

June and late August, as water tenperatures approached and exceeded

lethal limits for many resident species, community characteristics at

Stations 1 and 7 exhibited signs of extreme stress. Densities were below

1000 individuals /m2, biomass values approached zero and fewer than 12

taxa were collected (Table C-2). By late August, macroinvertebrate abun-

dance at Station 7 had declined to the lowest level observed for any sta-

2tion during the entire study (204 individuals /m representing 3 taxa).

However, densities at Stations 1 and 7 showed signs of recoverv as water

temperatures declined during the fall.

Elsewhere in the discharge basin, abundances 'were also reduced by

rising summer water temperatures. However, at most stations, they

2remained above 4000 individuals /m . Station 2 was the only discharge

2station that consistently exhibited densities greater than 10,000/m ,

In the control basin, station densities were always above 10,000

individuals /m2 except in late August at Station 12 (Table C-3). The

O ereetest 8er er ersemis s wes regeeteeir ceiiected et stetie 9. 8et
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lowest densities varied among stations from one sampling period to the

next.

Biomass

Macroinvertebrate biomass is affected by the number of individuals

in a collection, their relative sizes and by the analytical techniques

used to detennine their weights. To provide comparative infonnation on

benthic communities at Crystal River, processing techniques during 1981

remained unchanged from previous operational studies. Weights were

obtained for each major group by drying the entire organism for a spe-

cified period of time. This technique biases the biomass of a sample in

favor of groups havi ng shells or other rigid external features.

Additional bias is introduced by the chance acquisition of a relatively

large individual. When that occurs, the amount of bias depends on the

kind of organism collected (i.e., gastropod, starfish, etc.) and its

absolute size. Thus, biomass, especially as determined during the pres-

ent study, is a rather poor indicator of community structure.

Nevertheless, certain generalizations can be made concerning the 1981

data.

Mean biomass values for benthic macroinvertebrates collected by

cores in the control basin were significantly greater than those for

discharge benthos during every sampling period (Figure C-4). Even at its

lowest level, control biomass was approximately the same as the highest

mean biomass found for discharge benthos. Annual patterns of variation

in both basins paralleled those for density, seasonal means being highest h
in April and lowest in late August.
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d Biomass varied considerably among stations within each basin but,

with few exceptions, no consistent spatial patterns were apparent (Tables

C-2 and C-3). In the discharge basin, the highest observed biomass was

only about 11 g/m2, and yet, high and low station values differed by as

much as 8 or 9 g/m2 during several sampling periods. Biomass at

discharge Stations 1 and 7 approached zero during summer because of the

paucity and small size of the organisms collected there (Table C-2).

Variations in biomass among stations in the control basin were much

greater than in the discharge basin due to the extremely wide range of

values obtained. During April, for example, highest and lowest values

differed by 157 g/m2 Only during late August were relatively low values

obtained at all stations.

Because of the technique used for detennining biomass, faunal com-

position played a major role in structuring community biomass. As will

be demonstrated later, annelids, which are soft bodied fanns, predomi-

nated overwhelmingly in the discharge basin. Thus, community biomass

values were relatively low when compared to those for the control basin

where substantially greater numbers of heavier-bodied molluscs, arthro-

pods and echinodenns resided.

Station differences within each basin can often be explained in

terms of environmental heterogeneity. The discharge basin, owing to its

homogeneous soft substrate, monospecific flora and relatively harsh phy-

O 4c 1 ce aitioes fevers emeei4es. #8 v ri 84iits 4e 84em ss mees st -
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tions basically reflec,ts differences in the number of worms collected.
!However, the control basin exhibits an extremely heterogeneous environ-

ment that pennits habitation by a much more diverse assemblage of orga-

nisms. For example, the hard substrate of several stations in the

control basin provides attachment sites for relatively large sessile

fanns such as sponges and ascidians. The collection of only one or two

of these individuals, as occurred at Station 12 during April and at

Station 11 during November (Table C-3), can greatly exaggerate community

biomass.

Number of Taxa

Species richness, based solely on the number of species in a collec-

tion, is the simplest measure of faunal diversity. During 1981, 383 taxa

were collected by cores in both discharge and control basins combined

(Table C-1). Annual trends in species richness were the same in both

basins and corresponded to patterns noted for faunal density and biomass

(Tables C-2 and C-3). The number of taxa collected in the control basin

was seasonally more stable than in the discharge basin. Between April

and late August, the number of taxa in the control basin declined by only

20 pe cent, whereas the discharge basin experienced an 80 percent decline

over that same period.

The control basin consistently had a larger number of taxa than the

discharge basin, and the magnitude of the differences between basins

increased with the persistence-of high sunmer water temperatures. Thus,

in April when species richness was greatest, there were only 1.7 times as h
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many taxa collected in the control basin as in the discharge basin..

However, by late August, after several months of high temperatures,

control taxa outnumbered discharge taxa by a factor of six.

When samples for the entire year were combined, 357 different taxa

were recorded from the control basin, but only 176 were collected in the

discharge basin (Tables C-2 and C-3). This difference is even more

appreciable when the greater sampling effort in the discharge is con-

sidered (140 discharge versus 100 control samples). One hundred fifty

species collected were common to both basins. However, when examining

the number of taxa taken exclusively in one basin or the other, a very

large number (207) were found solely in the contrni area, and only 26

taxa were found exclusively in the discharge basin.
,

Inter-basin differences can generally be explained in tenns of

either prevailing physicochemical conditions or environmental heteroge-

neity. Both basins experienced large seasonal fluctuations in tem-

perature and salinity, a phenomenon typical of estuarine systems. The

organisms occupying these areas have developed physiological and beha-

vioral mechanisms to cope with a dynamic envi ronment (Vernberg and

Vernberg,1976). However, even eurytopic forms can tolerate only a cer-

tain range of conditions, and these ranges vary considerably among spe-

cies and even among life history stages within a species.

O
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Organisms-- livi ng in. wannwater areas such as Florida may, under

natural conditions, be living relatively close to their upper thennal

tolerance limits (Gunter,1957; Naylor,1965; Bader and Roessler,1972).

Studies conducted in other Florida estuaries suggest that the threshold

for lethal levels is about 32* to 33*C, especially if these temperatures

are sustained over several tidal cycles (Bader and Roessler, 1972;

Virnstein, 1972). Organisms whose geographical ranges are centered

farther north may have considerably lower tolerance limits. Thus, as

summer temperatures increased in the discharge basin between April and

June, an increasing number of organisms were unable to tolerate the ele-

vated thermal regimes and were eliminated. With the persistence of high

temperatures in the discharge basin throughout the summer, only the most

tolerant species remained.

|
A similar situation existed in the control basin but, because abso-

lute temperatures were considerably lower, only those species having

relatively low thermal tolerances were affected. As Lyons et al. (1971)

reported, many macroinvertebrate species at Crystal River have wide

ranging distributions, and relatively few have purely cool- or wannwater

affinities. The absence of a large temperate faunal component in the

study area may account for the minor reduction in the number of taxa

found in the control basin during summer sampling periods.'

1

The greater species richness at control stations during cooler
1

! months is most probably related to envi ronmental heterogeneity. As

stated earlier, the discharge basin is characterized by a relatively h
,

1
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homogeneous substrate and monospecific flora, whereas the control basin

has a diverse floral assemblage and a variety of substrates. Because the

control basin is a more complex environment, it supports a greater number

of macroinvertebrate species. For example, the larger proportion of ept-

benthic forms found in the control basin may be because of increased

habitat complexity resulting from a rich benthic flora. Several investi-

gators have indicated that above-ground plant biomass is positively

correlated with both invertebrate species number and abundance (Heck and

Wetstone, 1977; Gore et al . , 1981 ) . During every sampling period of

1981, macrophyte biomass in the control basin was significantly greater

than that of the discharge (E. Macrophyte Biomass).

Species richness within each basin varied considerably among sta-

tions. In the discharge basin, high temperatures during April and late

August greatly reduced the number of taxa collected at stations closest

to the discharge canal. However, taxa that were excluded from these sta-

tions during the summer began to return as water temperatures declined.

No other spatial patterns in species richness were apparent from the

data.

In the control basin, the number of taxa also varied erratically

from one sampling period to the next (Table C-3). Station 8, located
:

closest to shore, generally had the fewest species. Of all the control

stations, physical characteristics at Station 8 most closely approximated

those of the discharge stations.

O ~
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hDiversity and Evenness

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 indivi-

duals among the species. Communities in healthy non-stressed environ-

ments should theoretically have higher diversities than communities in

similar systems experiencing various fonns of physical stress (EPA,

1973).
.

Mean diversity of control benthos was substantially higher than that

of discharge benthos during every sampling period of 1981 (Figure C-5).

In the control basin, quarterly means fluctuated between 4.5 and 5.0, but O
the highest mean diversity in the discharge basin was only 3.1. Patterns

in both basins generally corresponded to trends observed for other

community parameters, diversities decreasing throughout summer to their

lowest levels in late August. This pattern was much more pronounced in

! the discharge basin, where diversities exhibited greater seasonal

fluctuations.

l Because of the complex interaction of species richness, faunal abun-

dance and evenness in the calculation of H', few generalities can be made

concerning spatial variations in community diversity within each basin

(Tables C-2 and C-3). For example, in apparent contradiction to species

richness data, diversities at Stations 1 and 7 were relatively high when

compared with other discharge stations. Although fewer individuals were g
C-12



collected at those stations, they were evenly distributed among the taxa

present, and diversity values reflected this high evenness component.

Elsewhere in the discharge basin diversities fluctuated considerably and

did not seem to fit any consistent pattern.

Diversities in the control basin were similarly erratic, the only

consistent pattern occurring at Station 8. Benthic communities at that

station repeatedly exhibited the lowest diversities of any control loca-

tion. This most likely reflects the relatively low habitat complexity of

the environment there.

Evenness values (J') nume-ically describe the distribution of indi-

viduals among the taxa prese., in a collection. In envi ronments

experiencing physical stress, certain organisms gain a competitive advan-

tage, and they become numerically dominant. As dominance increases,

evenness declines.

During 1981, mean evenness values of benthic communities in the

control basin were consistently greater than corresponding values for

those in the discharge basin (Figure C-5). However, the differences be-

tween basins were not as appreciable as might be expected considering the

relatively harsh physical environment of the discharge basin. Evidently,

none of the species capable of sustaining populations throughout the

summer became overwhelmingly dominant, and evenness values remained rela-

tively high during that period. Only when temperatures moderated and

O. less tolerant species began to repopulate the area did evenness valuesi

decline.
,

C-13
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The discharge stations thR had the- wannest temperatures (Stations 1

and 7) consistently had the highest evenness values. This can be

explained by the extremely low densities during the summer, but during

April and late November other factors must have been involved. One'

possible explanation .is that, due to the dynamic physical environment of

those stations, resident communities were in a constant state of tran-
|

sition and no single species was able to gain an overwhelming numerical

advantage. This would also account for the relatively high diversity at

those stations. The mechanisms whereby communities in transition may

achieve higher diversity than when at equilibrium have been discussed by

Gonor and Kemp (1978).

The diversity of a biological community varies in relation to the g
physical stability and habitat complexity of the surrounding environment.

As di scussed for species richness, observed differences in community

structure, both within and between basins, can largely be attributed to

one or both of these variables. Station differences can be graphically

examined through the use of rarefaction diversity, whereby a set of sta-

tion curves is produced depicting the annual relationc: sip between species

richness and faunal abundance. Curves with steep 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 curves represents species

richness, and the end points represent faunal abundance.

-
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O In the discharge basin, where the environment is less stable and
J

habitat complexity low, station curves had gentle slopes and low plateaus

(Figure C-6). Conversely, in the control basin, where the habitats are

more complex and the environment less harsh, station curves had rela-

tively steep slopes and high plateaus. Station 8 represents a habitat

similar to those encountered in the discharge basin but whose physical*

characteristics are less harsh. Consequently , it occupied an inter-

mediate position between other control and all discharge stations.

The most apparent di screpancy between what is observed from the

rarefaction curves and what might be expected is the positioning of

curves for Stations 1 and 7. This results from their high evenness

values and relatively low faunal densities. The slopes are steeper than

those for other discharge stations indicating that, for a given number of
,

individuals, more species will be collected there. Because the number of

taxa collected at Stations 1 and 7 during any single sampling period was

relatively small compared to other discharge stations, species turnover

|
must have been appreciable. Rarefaction curves thus support the conten-

tion that communities at these stations are in a constant state of tran-

sition.

Comunity Composition
i

Data collected in 1981 support the suggestions of previous studiesi

that community parameters of discharge and control benthos differ because

of differences in faunal composition brought abqut by a divergence of'

O areveiiin9 envirenmeetai cenditions feiiewins t8e censtrection of t8e
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canal jetty system. The discharge area experiences greater fluctuations

in physicochemical parameters and endures periods of severe physical

stress. It it a relatively monotonous seascape consisting of mono-

specific patches of seagrass and homogeneous ' soft substrates. The

control basin also experiences fluctuations in physicochemical con-

ditions, but it is not exposed to the stressful summer temperatures and

low dissolved oxygen levels encountered in the discharge basin. The

seascape is varied, consisting of both consolidated and unconsolidated

substrates and a diverse and productive assemblage of macrophytes. The

importance of above-ground plant biomass to species richness and total

abundance of epibenthic invertebrates has been stated (Heck and Wetstone,

1977; Gore et al. ,1981), and the influence of substrate on faunal com-

position is universally acknowledged (Sanders, 1958; McNulty et al . ,

1962; Bloom et al., 1972).

During 1981, benthic macroinvertebrate communities within the study

area were numerically domi nated by annelid worms (Figue C-7). The

contribution of annelids to total abundance was greatest in the dischtrge

area, where they accounted for at least 85 percent of all individuals

collected each sampling period. ns temperatures increased during suniner,

the percentage contribution by worms increased to as high as 97 percent,

which suggests that annelids are the most tolerant of stressful con-

ditions. Similar observations of wonns being the last group to be

excluded and the first to recolonize have been made in other stressed

t:nvi ronments (Rosenberg,1976).

O
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O Annelids were also numerically dominant in the control basin, but

generally to a lesser degree than in the discharge basin. Seasonal

contributions to total fauna ranged from 55 percent in June to 77 percent

in late November. Molluscs contributed a relatively large proportion of

total individuals in June (24 percent), but during other sampling

periods, the non-annelid contribution was uniformly distributed among

major groups.

The proportion of total biomass contributed by di fferent groups

varied considerably, both among sampling periods and between basins

(Figure C-7). In the discharge basin, wonns predominated biomass because

of their extreme numerical dominance. During cooler months when other

forms were abundant, annelids made up only 55 percent of total biomass,

but as temperatures increased and other groups diminished in abundance,

they accounted for as much as 85 percent of community biomass. The

disproportionate contribution to discharge biomass by molluscs in June

and late November and by arthropods in late August was, in each case,

attributable to the collection of one or two relatively large indivi-

duals. During April, echinodenns accounted for the disporportionate

contribution by miscellaneous taxa.

In the control basin, other groups predominated biomass, and anne-

lids did not contribute more than 35 percent during any sampling period.
i

In June and late August, the presence of relatively large numbers of

| molluscs accounted fc.- their major contributions to total community

O 8'e ess (s4 e#4 43 9erce#t. resnectiveir)- rue ierse grenertie# or
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biomass composed of miscellaneous taxa during- April (60 percent) and late

November (66 percent) was caused by the collection of a large sponge and

ascidian, respectively. As mentioned earlier, biomass is a rather poor

indicator of community structure because of the bias introduced by these

chance collections of large specimens.

The percentage contribution of each major group to total number of

taxa was relatively consistent among quarters (Figure C-7). The

oischarge and control basins were rema rkably similar in faunal com-

position during April and June, but they began to differ as wann summer '

temperatures in the discharge basin began to restructure the proportions

of various taxa present. By late August, after a period of persistently

high temperatures, the molluscan component of the benthos had almost

disappeared from the discharge, which suggests that they may be the least

tolerant of elevated temperatures. However, their capacity to recolonize

the area once temperatures moderate was demonstrated by an increased

contribution to total taxa in late November. The contribution to species

richness by arthropods during late November was relatively minor when

compared to those of other sampling dates.

The stability of benthic community structure in the control basin is

very clearly illustrated by the greater similarity in the relative pro-

portions of major groups among sampling periods. This does not suggest

that species composition within each nujor group remained unchanged, as

shifts in dominant taxa are quite possible. Within a community, popula-

tion levels of constituent species may fluctuate widely, while the rela- h
tive proportion of each major taxa remains. constant.
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Dominance

Community dynamics are largely influenced by population fluctuations

of numerically dominant species (Frankenberg and Leiper, 1977). To

detennine if observed differences in community structure at Crystal River

were caused by differences in dominant taxa between basins, an index of

commonness was computed. This index considers both frequency of

occurrence and relative abundance for every taxa collected during the

year. It was used to assemble a list of the 10 dominant species at each

station (Table C-5).

In the discharge basin, 25 taxa were classified as dominants at one

or more stations during 1981. The majority of these were polychaete

annelids, and Aricidea philbinae was the most ubiquitous and abundant.

Aricidea taylori, Laeonereis culveri, Streblaspio benedicti and Capitella

capitata completed the list of the five most domi nant taxa in the

discharge basin. The two latter species are known to be opportunistic

forms capable of monopolizing areas defaunated by environmental distur-

bances (Grassle and Grassle,1974; McCall,1977; Santos and Bloom,1980).

Lumbrineris culveri has been reported to undergo dramatic population

increases in organically enriched environments and appears to be another

good indicator of stressed environments (Young and Young, 1978). No

infonnation was available regarding the opportunistic tendencies of

Aricidea spp., but owing to their overwhelming numerical dominance, it

seems highly probable that they too are especially capable of exploiting

stressed environments.

O
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During 1981, 23 taxa were classified as dominants at one or more

control stations (Table C-5). Again, annelids predominated the list. In

the control area, another polychaete, Tharyx dorsobranchialis, was the

most ubiquitous and abundant species. The remaining top five consisted

of oligochaetes of the family Tubi ficidae, Nematoda spp. and the

polychaetes Aricidea philbinae and prionospio heterobranchia texana.

i

Several of the macroinvertebrate taxa ranked as dominants were spe-

cies complexes rather than distinct species. The identity of individuals

within these complexes could not be detennined due either to taxonomic

deficiencies or the physical condition of the organisms (i.e., juveniles

or damaged specimens). For example, Calanoidea spp. (copepods) and

Nematoda spp. represent large species complexes. Because of their small

size, neither are quantitatively sampled with a 0.5-mm sieve. Thus, both

groups have traditionally been treated as components of meiofaunal com-

munities. Tubificidae spp. are quantitatively sampled but may include

| many species that cannot be identified because of their immature life

stage. Mediomastus spp. includes damaged specimens of two species, both

of which are relatively abundant in the study area. Consequently, organ-

isms identified to supraspecies levels should probably be excluded when

comparing basin differences in dominant taxa.

|

| When species complexes were removed from the list of top 10 domi-

| nants, only A. philbinae and T. dorsobranchialis were common to both

basins. Both species have wide local distributions and large- popula-

g| tions. A_. philbinae is dominant in the discharge area and T.

C-20
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dorsobranchialis is dominant in the control basin. The lack of other

shared dominant species probably accounts for a great deal of the

observed variation in community structure between basins.

Comunity Similarity

To more completely examine spatial differences in the structure of

benthic communities at Crystal River, Morisita's (1959) Index of Faunal

Similarity (CA) was applied to annual station data. This index is based

upon the number of species shared among stations and their relative abun-

dances. Station pairs having the largest number of numerically abundant

species in common will have the highest CA values.

The trellis diagram di splaying similarity indices among stations

(Figure C-8) underscores the statements made previously concerning com-

munity structure of discharge and control benthos. Within the discharge

basin, communities at Stations 2 through 6 were very similar to one

another but only moderately similar to those at Stations 1 and 7.

Stations 2 through 6 physically differed from Stations 1 and 7 by having

more complex habitats (seagrasses were present) and less harsh physi-
4

cochemical conditions (further removed from thennal effluents).

Communities at Stations 1 and 7 were ven similar to each other and

experienced very hot water temperatures during the summer. Consequently,

these communities undenvent more dramatic seasonal fluctuations in spe-

cies richness and faunal abundances.

O .
-
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|

In the control basin, the fauna at Stations 9,10 and 11 were very

similar to one another, but only moderately similar to those at Stations
|

8 and 12. Station 8 represented a less compl ex habitat and was

understandably removed from the previous station grouping. However, the

dissimilarity of the fauna at Station 12 and other control stations is

not fully understood. Its location close to an oyster reef resulted in a

very coarse-grained sediment texture, and this may have produced a rela-

tively distinct fauna. However, many of the dominant taxa at Station 12

were shared with other control stations (Table C-5).

Communities at Stations 8 and 12 were the least similar of any

control station assemblages. In fact, the fauna at Station 8 was more

similar to those at the discharge stations than it was to the community 9
at Station 12. Other faunal similarities between discharge and control

stations were slight. These data again demonstrate the widespread

distribution of dominant taxa within each basin and the general lack of

shared dominants between basins.

The intennediate position of Station 8 between control and discharge

environments is supported by both similarity and rarefaction data.

Because of the absence of appropriate control stations in the discharga

area, Station 8 may provide thr: only valid data base from which to make

assessments pertaining to the impact of plant operations on resident

benthic communities. Its soft homogeneous substrate and seagrass vegeta-

tion closely approximates the habitat complexi ty observed in the

discharge basin. The. major difference between areas is the lack of t'her- g
mal effluents at Station 8.
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q A comparison was made between quarterly community parameters at

Station 8 and those at discharge stations. However, the dissimilarities
.

bet' ween Stations 1 ar:d 7 and the other discharge stations were par-'

,

titioned out by obtaining a disch5 ge mean based solely on community data

for Stations 2 through 6 (Table C-6). Densities during the cooler

sampling periods were similar or slightly greater in the discharge basin

than at Station 8 whereas, during the wann summer months, densities at

Station 8 were appreciably larger. Biomass values were consistently

greater at Station 8 than at comparable discharge stations.

Ouring April, the number of taxa at discharge stations was slightly'

' less than at Station 8. However, during the summer, discharge species,

A richness was greatly reduced. Some recovery appears to have occurred by
V ,

' late _ ttovember but the mean number of taxa at discharge stations still
;

represented only half of that collected at Station 8. Both diversity and

'

evenness values were always lowest in the discharga basin, even though'

seasonal variation in diversity followed the same pattern in both basins.

s

[ When all factors are considered and when compared to a similar.

| environment in a thennally unaffected area, the ope:ation of the Crystal
|_

River Power Plant during 1981 caused the macroiwtst' ate community of

the discharge basin to have reduced density a < er r of taxa during the
I suniner and depressed biomass, diversity and wenness t},roughout the year.

[4 Both faunal abundance and species richness showed signs of recovery when

temperature moderated, but only faunal abundance had recovered to

)' springtime levels by the end of.the year.
7

,

~
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h<Operational Trends

During the past five years (1977 through 1981), benthic core samples

have been collected quarterly at the same locations throughout the study

a rea. This has generated the data necessary for examining long-term

trends in macroinvertebrate community structure and allowed comparison of

communities chronically exposed to thennal effluents with those spatially

removed from them. The additional impact of Unit 3 on resident benthos<

can also be assessed by comparing data among years of intennittent and

I full operation of Unit 3.

1

Macroinvertebrate communities throughout the study area have
!

experienced considerable seasonal fluctuations in densities during opera-

tional years (Figure C-9). In the control basin, mean densities have
O2ranged from about 2300 to over 42,000 individuals /m and, within a single

2
| year, mean devities have varied by as much as 33,000 individuals /m ,

Densities observed during 1981 were relatively high compared to previous

| years. Generally, faunal abundance has been lowest during Quarter 3

(September) and highest in Quarters 1 or 2 (March or June). However,

these patterns are not precise, nor are the amplitudes consistent among

years. The imprecision of sequential peaks of abundance among years is a

phenomenon common to coastal benthic macroinvertebrate assemblages

(Frankenberg, 1971; Livingston, 1976; Frankenberg and Leiper, 1977;

Maurer et al., 1979) and does not necessarily imply that they are

unstable. In fact, these assemblages may be quite stable over time,|

|
faunal composition remaining relatively constant but individual popula-

tions undergoing- continual change in response to fluctuating environmen- g
|

tal conditions (Livingston et al.,1976).

C-24

|



__

O The stability of benthic communities in the control basin is

illustrated by the relative constancy of faunal diversity throughout

operational years (Figure C-10). The increase between 1980 and 1981 can

be explained entirely in tenns of differences in taxonomic precision.

Many taxa previously identified to the supraspecies level (e.g., family

or genus) were further separated into distinct species during 1981, thus

yielding a greater number of taxa. Even though diversities were higher

in 1981, they remained at a relatively unifonn level throughout the year.

Evenness values in the control basin have similarly remained high and

stable during operational years (Figure C-10).
.

Similar to densities, mean biomass values in the control basin have

varied considerably over the years, but repetitive patterns are less

apparent (Figure C-9). Throughout the five years of operational study,

mean quarterly biomass has ranged from less than 10 to more than 209

2g/m . Values for 1981 fell within the range observed for other opera- -

tional years.

In summary, the control basin can be characterized as having benthic

assemblages that undergo marked seasonal fluctuations in abundance and

biomass. Although annual patterns do not repeat themselves precisely each

year, density and biomass are generally lowest during Quarter 3. This

suggests that ambient summer water temperatures may be naturally inhibi-

tive to certain species within the study area. However, control com-

munities appear quite stable through -time and maintain relatively high

O- ana censtent faenai diversitx and evenness.
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Discharge benthos has, with few exceptions, been less numerous than h
control benthos, but has displayed the widely fluctuating seasonal den-

sities characteristic of communities elsewhere in the study area (Figure

C-9). Mean densities have ranged from about 4000 to 27,000

individuals /m2 over the five-year period and, within a single year, they

have varied by as much as 22,000 individuals /m2 Mean density varies
!

seasonally in a manner similar to that of the control basin, being lowest
|

| in Quarter 3 and highest in Quarters 1 or 2. It appears that maximum

densities recorded in the discharge each year have continued to increase

| throughout the operational study, but this is probably coincidental and

! unrelated to plant operation.

I

It is obvious from discharge data that the persistence of high tem-

peratures lowers faunal abundances during the summer. However, during

most years, the differences between control and di scharge densities

during Quarter 3 are no greater than during other quarters.

|

The first year of continuous operation for Unit 3 was 1981. Unit 3

was on-line throughout the sumner only during 1977 and 1981. Over the'

entire five-year period, Quarter 3 densities have varied by only 965
2individuals /m , an extremely small variation compared to other quarters.

In both 1977 and 1981, densities during Quarter 3 were equal to or higher

than corresponding densities for 1978-1980. Thus, the additional thermal

load imposed by Unit 3 does not appear to have had any greater effect on

macroinvertebrate densities than the conbined effects of Units 1 and 2.

: O
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Community biomass in the discharge basin has been substantially
.

lower than control biomass during all but a few sampling periods (Figure

C-9). Quarterly values for the five years have ranged from about 1 to 24

2g/m . Annual patterns of biomass variation in the discharge basin

correspond more closely to density patterns than they did in the control

basin. Although values for 1981 fell within the range observed for other

operational years, it appears that when Unit 3 has been operational

during the sununer, community biomass has been lower than when only Units

1 and 2 have been on-line.

Both diversity and evenness of benthic macroinvertebrate communities

have consistently been lower in the discharge basin than in the control

basin (Figure C'-10) . Values of both parameters have also exhibitedq
NJ greater seasonal fluctuations in the discharge basin. During Quarter 1

of 1981, diversity was the highest ever recorded. However, this high

value was probably an artifact of more precise taxonomic work. The low

diversities reported during Quarter 3 of each year probably indicate a

system experiencing considerable envi ronmental stress. However, the

relatively high values obtained during other quarters suggest that com-

munity disruption is temporary, with species excluded during warm months

being recruited to the area when terr.peratures moderate.

Comparative benthic community data do not exist for periods prior to

the start-up of Unit 3. Inferences on the additional impact of its

operation can only be made by comparing years of intennittent and full

operation. During 1977 and 1981, Unit 3 operated continuously throughout

C-27
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the summer. As water temperature attained maximum levels, benthic com-

munities in the discharge basin experienced appreciable reductions in

number of individuals, biomass and diversity. However, observed values

were generally within the ranges of sunmer values reported for years when

only Units 1 and 2 were on-line. Thus, it must be concluded that the

additional thennal load created by Unit 3 has thus far had minimal impact

oeyond that exerted by Units 1 and 2. It should be noted that Unit 3 has

never operated continuously for more than one year, and it is possible

that sustained operation, especially during successive summers, may widen

the zone of maximum impact. This could ultimately create a discharge

comnunity unique from those previously described.

SUMMARY

The shallow coastal waters of the Gulf of Mexico adjacent to the

Crystal River Power Plant support a rich and diverse assemblage of

benthic macroinvertebrates. The structure of these communities, as

measured by abundance, biomass, species richness, diversity, evenness and

faunal composition, often experiences marked seasonal fluctuations in

response to changing environmental conditions. Community parameters are

generally lowest during September, suggesting that wann suniner tem-
| peratures are naturally inhibitive to a number of resident organisms.

Benthic invertebrates inhabiting a small basin adjacent to the plant

discharge canal are exposed to heated effluents from three electric

generating units. These communities exhibit measureably different struc-

tures from those inhabiting an area unaffected by plant di scharges g
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O (control area). During all sampling periods of 1981, community parame-

ters of the discharge benthos were lower than corresponding values for

the control benthos and, when statistical tests were applied, most of

these differences were found to be significant.

The community structure of macroinvertebrates in the discharge basin

was particularly disrupted during summer in apparent response to high

water temperatures. Stations closest to the plant discharge were most

severely impacted during this period. Density, biomass and species rich-

ness values depicted a community under severe physical stress. Due to

the seasonal nature of the disruption, the community structure at these

stations is probably in a constant state of transition.

O
Faunal differences between basins were attributed primarily to dif-

ferences in water quality and environmental heterogeneity. The discharge

basin represents a less complex and more physically stressed environment.

It is numerically dominated by annelid wonns, many of which are oppor-

tunistic forms capable of exploiting stressed environments. Other major

groups are less tolerant of wannwater temperatures, and their populations

! decline dramatically during summer. This causes species diversity to

undergo marked seasonal fluctuations. In the control basin, macroinver-
|

|

tebrate assemblages are composed of greater proportions of other groups'

such as molluscs and arthropods. Because temperature regimes there are

much more tolerable, these organisms are not excluded during suniner, and

! diversities remain high and stable through time.

O
|
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Benthic macroinvertebrate -assemblages within the di scharge and

control basins have traditionally been compared to determine the effect

of plant operation on community structure. However, due to the dissimi-

larity of environmental characteristics between basins, these comparisons

are generally inappropriate. Station 8, in the control basin, appears to

be the only valid control station. Its substrate, floral characteristics

and water depth closely approximate conditions at most discharge sta-

tions, but it is not exposed to the stressful summer temperatures that

prevail in the discharge area. During cooler months of the year, den-

sities in the two areas were similar, but other community parameters were

consistently lower in the discharge basin. Thus, it appears that com-

munity di sruption from plant operations is persistent. However,

discharge benthos do have the capacity to recover from impoverished

sumer density levels once temperatures moderate.

Long-term data suggest that the additional thennal load imposed by

Unit 3 does not further reduce density, biomass, diversity and evenness

below levels observed when only Units 1 and 2 are operating. However,

the zone of impact may be increased by the operation of Unit 3, and the
,

effect of sustained operation on community structure has yet to be deter-

mined.

|

O
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TABLE C-I

TAXONOMIC LIST OF BENTHIC CORE MACROINVERTEBF TES AND
THEIR l>0EX OF COMMONNESS FOR THE YEAR

CRYSTAL RIVER PROJECT
1981

Discharge Control Discharge Control
Taxa basin basin Taxa basin basin

ANNELlDS ANNE 1.lOS (continued)
** 0.309 LumbrIneris spp.Amaeana trilobata * *

Amphictels floridus Lysidice ninetta_* *
*

Aracella tricolor 0.001 Lysidice sp. A
* Macolona pettiboneae 0.004 0.479

Arenicola cristata *
Aricidea philbinae 35.845 5.183 Malmarenla tunulata
Aricidea taylort 7.034 0.682 Marchysa sanquinea 0.047 0.055

* Medlemastus ambiseta 0.f42 0.024
Autolytus spp.
Ax|otheiia mucosa 0.024 0.761 M. caiiforniensIs 0.141 0.087

Iiidiomastus spp. 0.411 1.861*Bhawania goocei ' ** Metinna maculataBoccardiella hamata *
Boquella sp. A 0.003 0.098 Naineris cf. laevlqata

*
Brancnicasychis americanus 0.005 0.219 Naineris spp.

* 0.079
Brania clavata 0.015 0.155 Neanthes acuminata

** N. micronsnaCabira incerta
Cy itella capitata 2.460 0.473 E succinca 0.003 0.007

*
c. Jonesi 0.009 0.005 Nematonerels hebes 0.001

**Unitomastis aciculatus 0.005 Nereldae spp.
* 0.002

Carazziella hobsonae 0.032 0.359 Nereiphylla fraalth
** Notomastus hemigodusO Caulteriella alata *

0.075 N. latericeusq h killariensis *Montosyllis enopla*Seratonereis irritabills
Chone sp. A 0.030 0.629 Oligochaeta sp. A 0.001

* 0.049* Onuphidae spp.Clymenella torquata 0.032
* Onuphis simoni_ 0.053 1.234

Diopatra cuorea 0.003 *
Dri tonerels gna 0.003 Orbiniidae spp.

* Owenia fusiformis 0.001Enoplobranchus sanguineus * 0.002* 0.001 Parahesione luteolaEteone noteropoda
* 0.185 Parsonides sp. A 0.016 1.278

Eumida sanguinea
* Paracnides sp. B 0.003 0.102

Eunicidae sp. A
* * Paraprionosofo pinnata 0.026 0.034Eunicidae spp. *
* * Pectinarla couldflExoaone arenosa

E. dispar 0.976 Phyllodoce arenae 0.007 0.003
* 0.111 Phyllodocidae spp. 0.003E. verucera * PIsta cristata 0.013 0.264

Tabricia sp. A *e e P. palmataFabriciola ? sp. A
PTatynerels dumerillil 0.016*Galathovenia sp. A 0.093

Glycera americana 0.002 0.006 Podarke obscura 0.001
*

Glycinde solitaria 0.055 Polycirrus eximus

Grania macrochaeta 0.080 Polydora llan t 0.026 0.007
* 0.068 P. socialis 0.020 0.022

Gyptis brevipalpa *
Haptoscolepios follosus 0.010 0.168 Folynoldae sp. A

*
Haploscoloplos spp. 0.005 0.002 Polynoidae spp.

* *
Heteromastus fIi1 formis 0.564 0.002 PrIonosofo cirrIfera
Hyeoscolex tonaiseta 0.006 P. heterobranchia texana 0.127 2.794

Hydroides dianthus 0.020 C pygmaea . *
* 0.009* b ila micropthalmaHypsicomus phaeotaenia ** 0.413 S. vulgarlsLangerhansia cornuta

Leonerels culveel 5.727 0.222 Talmacina ? spp. 9
aScalibregmidae sp. A*Lepidametria comensalls ** SchistomerIncos pectinataLoima viridis * 0.015Lumbrineris tenuls 0.039 S. rudolphi

L._verrilIi 0.204 0.026 3cotelepis texana 0.III 0.0%

O
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TABLE C-1
(continued)

TAXONOMIC LIST OF BENTHIC CORE MACR 0lNVERTEBRATES AND
THEIR IPOEX OF COMMONNESS FOR THE YEAR

CRYSTAL RIVER PROJECT
1981

Discharge Control Discharge Control

| Taxa basin basin Taxa basin basin

ANNELIDS (continued) MOLLUSCA (continued)
*

Scoloolos rubra L.C04 0.224 Circulus suopressus
** Codakia orbiculataScolopios spp. ** Costoanachis avaraScypnoproctus sp. A ** C. semiplicataScyphopr--tus spp.

Serpulidas sp. A 0.582 E7epidula fornicata *

Serpulidae sp. B C. maculosa 0.077
t * ** 0.140 ECIplana
i Sphaerosyllis sp. A *

* 0.046 Cr'epidula spp.5. Taylori * *
* * Cumincia coarctata3~lo petti boneae * *

p ochaetopterus costarum 0.002 C. tellinoides
CI7cilennella canaliculata 0.230 0.175oculatus

Spionidae spp. 0.004 Cylindrobulla beaull 0.006
*

Spirorbidae spp. 0.018 Dentimarco aureocincta
Streblosoma hartmanae 0.0 04 Elysta catula 0.001 *

*
Strobiospio benedicti 4.152 0.039 Ensis minor

*
Syllidae spp. Eullmidae spp.* *

*Farqoa enqonta 7 0.001*Syllides floridanus
* Fortulum stricosum 0.050

5. verr l i l l

lGIllides spp. Gastropoda spp. 0.007 0.014*
t

Terebella rubra 0.004 Ceukensla demissa 0.003
* Granulina ovullformis 0.006Terebellidae spp.

* Haminosa succinea 0.120 0.035Terebellides stroemil *
Tharvu dorsobrancnialis ? 0.4 00 10.460 Haminosa spp.

* *
Tubificidae spp. 0.960 9.282 Heminoeidae spp.

Tubtftcoldes spp. 0.674 lschnochlton striolatus 0.110
*j

. Typosyllis annularis 0.008 Laevicardium mortoni
* 0.007 Lasaeidae spp. 0.027Typosvilis hya t ina * *

Typosyl l is sp. A 0.012 Leptonidae sp. A
*

T yposy l l i s sp. B 0.002 0.163 Leptonidae sp. B
*

Typosyll is sp. C O.023 0.522 Lucina nassula
* 0.009Lyonsta floridana
* *

MOLLUSCA Macoma tenta
* Meloceras nitidum 0.018Acanthochitona pygmaea
* Musculus lateralls 0.004Acanthochitona sp. A

| Acteocina sp. A Mysella planulata 0.229 1.327i

'
** *

| Acteon punctostriatus Mysella sp. A
* *

| Allaena texaslana 0.005 * Nassarius vibex
** Nuculana concentricaAmygda t um papyrium * 0.003

| Astyris lunata 0.016 0.126 Nurula proxima
** 0.027 ( Udostomia ineviqataBittlum varium *

| Bivalvia spp. 0.001 0.002 odostomia sp. A
** 0.008 Olivella dealbataBoones Imoressa'

** 0.123 0. dealbata 7Brachidontes spp. '
* 0.001 [[~ minutaBulla striata

D7 mutica 0.002*Bullidae spp. *Ellvella sp. A*Caecum floridanum
C. pulchellum 0.008 1.488 Olivella sp. 8 0.006

| Earditamera floridana 0.021 Olivella spp. 0.0 04,

*
Cephalaspidea spp. Opi sthobranchla sp. A*

** Ostreola equestrisCorithildae spp. *
Cerithlopsis emersont 0xynoidae spp.*

** Parastarte triquetraCerithium muscarum *Phyllaplysia smaranda*
Cerithium spp.

:
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TABLE C-1
(continued)

TAXONOMIC LIST OF BENTHIC CORE MACRolNVERTEBRATES AND
THEIR ltOEX OF COMi10NNESS FOR THE YSAR

CRYSTAL RIVER PROJECT
1981

Olscharge Control Discharge Control
Taxa basin basin Taxa basin basin

MOLLUSCA (continued) ARTHROPODA (continued)
Polyplacophora spp. Apseudes sp. A 0.006*

*
Prunum aplcinum 0.007 Apseudes spp.

* Asteroolna settspsrsa 0.035 0.024P. lavalleeanum
* Bates catharinensis 0.032WTssoina catesbyena
* *

Rissoina spp. Bateldae spp.
** Bowmentella brasillensisSayella 7 spp.
** 8. dissimillsSemele purpurascens
*

Sotarlorbis blakei 0.003 E= man le i t a spp.
Stillaer sp. 7 0.001 Brachyura megaloga 0.002

' O.002* Branchlura spp.Taqelus divlsus
Telnostoms biscaynensis 0.001 Calanolda spp. 0.348 0.036

* *
Telnostoma sp. A Callanassa spp.

* *
Tellina alternata Caprellidae spp.
T. mera Caridea mysis 0.01 0 **

* 0.002T~sybarItica * 0.006 Carldea spp.
** Carinobatea cusoldataW tonella

W versicolor * Cerepus tubularis
,

**

* * * *Willna spp. Corspus spp.
** Chirodotea arenicola 7Tellinidae sp. An Tellinidae spp. Cladocera spp. - '*

** Corophium acherusicumU Transonnella conradina
* 0.040* * C. simileTurbonilla 1 conradi

Grophium spp. * 0.003*Turbonlila daill
T. Interrupta 0.001 Cumacea sp. A 0.001

*Erbonilla sp. B * Cyclaspis oustulata 7
.

Turbonilla sp. C Cyclaspis varians 0.009 0.028*

Turbonilla sp. D Cyclopolda spp. 0.002* *
* 0.058Turbonilla spp. 0.001 cvmedusa comota

Turridae sp. A Cvmedusa spp. 0.017 0.685*
* 0.031Vitrinella floridana 0.009 0.008 Cymodoce faroni

~ * 0.011* * Edotes montosaV Itrinel iidae spp.
*Edotea spp.

ARTM10P00A Elasmoous levis * 0.028
*Acuminodeutoous naciel 0.009 0.154 E. rapar

Alpheus heterochaelis ITasmoous spp. 0.005*

* Erichsone1Ia fIIIformis 0.017 0.031A1pheus spp.
* 0.198* * Erichthonius brasiliensisAmbidexter symmetricus

' * E. rubricornis 0.001Ampellsca abdita
* 0.013 TTichthonius spp. 0.038A. vadorum

W verriiii * 0.001 Eurypanopeus depressus 0.004
*Wpellsca spp. * 0.006 Excoraliana tricornis

* Gitanopsis tortugee 0.028Amphilochidae spp.
* 0.014 Haplocytherldea 7 sp. A 0.014 0.014Amphlpode spp.

Amplthoe longimana * Hargeria rapax 0.003 0.034
* 0.006 Harpacticoida spp. 0.008 0.008Amplthee spp.

* Vaterophilas seclusus 0.002Ampitholdae spp.
* Hippolyte rostericola 7 0.001Anomura zooea

Anoplodactylus pyqmaeus Hippolyte spp. 0.006*

* *
Anthuridae sp. A Hippolytidae spp.

*
Anthuridae spp. 0.003 Hyallella azteca

** 0.009 Hyatidae spp.Aoridae spp.
*lsopoda spp.

O
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TABLE C-1
(continued)

TAXONOMIC LIST OF BENTHIC CORE MACRolNVERTEBRATES AND -
THE!R IPOEX OF COMMONNESS FOR THE YEAR

CRYSTAL RIVER PROJEET
1981

._

Discharge Control Discharge Control
Taxa basin basin Taxa basin basin

ARTm0PODA (continued) ARTm0POOA (continued) -

*
Kalllapseudes spp. 0.09 Sarstella spp.

*
Lameos rectanquietus Shpaeromatidae spp.*

*
L. smithit 0.028 Synchel t idium americanum

*
Umbos spp. 0.073 0.653 Tanaidacea spp.

* 0.003Leucothee spinicarpa 0.017 Tanals sp. A
* *Taphromysis bowmani*

Libinia erinaces *
' O.034 Upogebla affinisListriella barnard! *

Luconacia T incerta Upogebia spp.*
* 0.0IOLyslanopsis alba 0.007 Xantnidae spp.

Melita appendiculata 0.001 Xenanthura brevitelson 0.007 *

* 0.011M. elongata 7
# 0.017 HISCELLANEOUS TAXAElIta spp.

* PoriferaMstitidae spp. *
Mysidopsis bloelowl 7 0.003 Porifera spp.

* CnidarlaNeopanope packardi
N. texana 0.003 Cnidarla spp. 0.008*

Teooanope spp. Platyhelminthes*
' O.006Notostraea spp. 0.007 Platyhelminthes spp.

Ostracoda sp. A 0.004 Nemertina
Ostracoda spp. Nemertinea spp. 0.108 0.617*

0xvurostylls smithil 0.035 0.057 Nematoda
Paguroidea spp. 0.012 0.061 Nematoda spp. 0.002 4.089
Paqurus annullees 0.001 Sipuncula

Paqurus spp. Sipuncula spp. 0.033 0.305*

* EchinodermataPalaemonidae spp.
* Amphloolus abditus 0.002Panopeus herbstil

Panothura formosa 0.002 A. thrombodes 0.002
*

Paracaprella tenuis 0.004 0.067 Eohioolus spp.
**Parcaprella spp. Amphiuridae spp.

Paracercels spp. Leotosvnapta sp. A 0.194 0.063a

Paraphoxus solnesus 7 0.001 Ophloonraqmus filograneus 0.002
Paraphoxus spp. Ophuroidea spp. 0.002'

* ** Thvone mexicana 7Parasterope pollow
* * EnteropneustaPericilmenes americanus *

Petrollsthes armatus Enteropneusta spp.*

* ChordataPetrollsthes spp.
Philomedes paucichelata 0.017 Ascidiacea spp. 0.004

*
Philomedes spp. Hippocampus zosterae*

Photidae spp. Chaetognatha*
*

PinnIxa chaetooterana Chaetognatha spp. 0.009*

* *P. sayana 7
# 0.012FTnnixa spp.
*Podocerus spp.
*Rhlthropanopeus harrisil

*
Sarstella carinata
5. zostericola 0.004 0.288
Tarslella sp. A 0.003

*(0.001 .

O
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COLLECTED IN SENNC CORf 5AMPt(5 AT CONTRCt 4fAfl0N5 , ,'

Caf 513L tint rn0 JECT ~~

, 1981' - .

- - /~ ~,
,

-

~ ~
-

_ '_ _ V -.' - Stations

,'
~

Sasin Basin -
,'

'

Parameter Qua rt er 8 9 to 11 12 total mean
~

Number of individuals /a 14 Apr 33130 49529 16017 21238 44538 164452 328St.'6I '

'

22 Jun 11587 50115 ' 21727 27222 23504 134150 268n.9
31 Aug 18513 23041 15483 14082 mill 76650 . 15330.0 ,

30 Nov 10313 35218 ' !?528 19786 17545 110390 2'078.2 '
Total 71543 154904 8C149 82328 94119 -- -

Annuel mean 18385.7 38726.0 20167.3 .20582.0 23529.2~' ~ ,,- 24281,2

ISlomass (9 ras dry weight /a ) 14 Apr 21.238 17.'393 18.437 14.541 171.111 247.732 48.546
22 Jun 4.915 19.430 ,16.527 15.890 49.214 105.985 21 197 '

31 Aug 4.558 8.149 10.003 11.994 7:ue - 42.348 e.470 ~ ~ '
30 Nov 6.061 24.243 93.427 69.214 5; 22 'i33.266 28.648
Total 36.772 69.215 e3.394 111.639 237J81

26.715Annual mean 9.193 17.304 20.848 - 27.910 , D.121 y

m
e Total neuter of tasa 14 Apr 74 112 69 103 M 228 98.6
u1 22 Jun 44 108 109 133 97 U3 - 98.2-
O 31 Au9 49 92 91 .. 75 55 ' iso 12.4

3u Nov 55 97 100 76 e 87 - 185 83.0
Total. 33 222 210 226 219 157 -

Annual se..a 56.5 102.3 92.3 96.8 93.5 . 88.1 ~-

Olversity (N') 14 Apr 4.090 4.883 4.419 5.164 ~ ~~ 5.484 - ' 4.808 ,
5.01022 Jun 3.901 5.119 5.278 5.661 5.t93 -

31 Aug 3.707 4.852 5.251 4.122 4.487 - 4.492
4.90330 Nov 4.382 4.7)B 5.251 4.893 5.275 -

Annual mean 4.020 4.901 5.050 4.961 5.084 - -

0.729[venness (J') 14 Apr 0.659 0.717 0.723 0.772 0.775 -

0.76522 Jun 0.715 0.758 0.780 0.803 0.771 -

31 Aug 0.660 0.750 0.807 0.622 0.776 0.731-

0.77330 Nov 0.758 0.714 0.790 0.783 0.819 -

Annual mean 0.698 0.735 0.775 0.755 0.785 - -

.
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TABLE C-4*

STATISTICAL COMPARISON OF MACROINVERTEBRATE DENSITY BY STATIONS
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE: 14 APRIL*

Source DF Sum of squares Mean squares F

t /. Model 11 16.32313 1.48392 11.29*
, <

Error 48 6.30808 0.13142
~

~

Corrected total 59 22.63121

*Significant at P10.05.!

DUNCAN'S MULTIPLE RANGE TESTA: 14 APRIL

Grouping Meanb Station

A' 48650 9

A B 45025 5

O A B C 40790 12

A B C 38770 6

A B C 35155 3

B C D 28545 8

C D E 25665 4

D E F 19835 2

.

D E F 19235 11

E F 15935 10

F G 12435 7

G 8785 1

i

*Means with the same letter are not significantly different (P10.05).

Geometric means of transfonned replicate values (lo9, [x+1]) expressed
as number of individuals.

O
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TABLE C-4
(continued)

STATISTICAL COMPARISON OF MACR 0 INVERTEBRATE DENSITY BY STATIONS h
CRYSTAL RIVER PROJECT

-

1981

ANALYSIS OF VARIANCE: 22 JUNE

Source DF Sum of squares Mean squares F

Model 11 140.40607 12.76419 36.61*

Error 48 16.73664 0.34868

Corrected total 59 157.14271

*Significant at P10.05.

DUNCAN'S MULTIPLE RANGE TEST: 22 JUNE

Grouping Mean Station

A 40055 9

A B 25470 11

A B C 20795 10

A B C 20490 12

B C 11860 3

; 8 C 11655 2

1

C 10870 8

0 4733 4

E 1835 5

E 1150 6

F 440 1

F 430 7

Means with the same letter ara not significantly different (P10.05).a

,

Geometric means of transfonned replicate values (loge [x+1]) expressed
as number of individuals.

|
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TABLE C-4
(continued)'

STATISTICAL COMPARISON OF MACROINVERTEBRATE DENSITY BY STATIONS
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE: 31 AUGUST

Source DF Sum of squares Mean squares F

Model 11 87.36530 7.94230 24.32*

Error 47 15.34902 0.32657

Corrected total 58 102.71432

*Significant at Pf,0.05.

DUNCAN'S MULTIPLE RANGE TEST: 31 AUGUST

Groupino Mean Station

A 15250 8

A 15210 10

O^

A 14680 9

A B 11835 11

A B 10605 2

A B C 8460 12

A B C 7270 4

*

B C D 5785 5

D 4385 6

0 2960 3

E 650 1

F 230 7

'Means with the same letter are not significantly different (P10.05).

() Geometric means of transformed replicate values (loge [x+1]) expressed
' as number of individuals.

C-53

_ _ _ - - . . _ . _



TABLE C-4
(continued)

STATISTICAL COMPARISON OF MACR 0 INVERTEBRATE DENSITY BY STATIONS h*

CRYSTAL RIVER PROJECT
1981

ANALYSIS OF VARIANCE: 30 NOVEMBER

Source DF Sum o_f squares Mean squares F

~Model 11 18.05911 1.64174 9.46*

Error 48 8.33260 0.17360

Corrected total 59 26.39171

*Significant at Pi 0.05.

DUNCAN'S MULTIPLE RANGE TEST: 30 NOVEMBER

Grouping Mean Station

A 32955 9

A B 27105 10

B C 18660 11

B C 17190 3

B C D 15685 12

B C D 15540 2

B C D 15085 6

C D E 10450 4

0 E 9320 8

E F 7545 5

E F 7135 7

F 4575 1

.
Means with the same letter are not significantly different (P10.05)a

Geometric means of transfo ed replicate values (loge [x+1]) expressed
in number of individuals /m g
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TABLE C-5

DOMINMCE RAE* FOR TOP TEN MACROINVERTEBRATE TAXA COLLECTED BY BENTHIC CORES
CRYSTAL RIVER PROJECT

1981

Discharge stations Control stations Basin
I Dominant species

_
1 2 3 4 5 6 7 8 9 10 Il 12 Discharoe Control

ANNEll0A
Amaeans trilobata 9
Aricidea philbinae 1 1 1 1 I l 1 2 7 3 6 9 1 3
A. ta fori 3 2 2 2 3 7 10 2
ElofheiIa mucosa 8
Capitella capitata 2 7 9 4 5 4 6 10 5
Cararriella hobsonae 5
Chone sp. A 7
Ewoqone dispar 9 9
Fabricle sp. A 10 8
Galathowenia sp. A 4

7 Heteromastis fillformis 5 8 6 7
ui Langerhansla cornuta 9
m Leonerels culverl 10 2 3 3 4 5 8 6 3

Lumbrineris tenuis 10
L. verrilli 8 3
ErThysa sanquinea 8
Medlomastus ambisete 9 9 9
M. californiensis 6
E dlomastus spp. 7 6 8 2 5 5 6 8 6
onuphis simont 6 4 7 10
Parsonides sp. A 5 8 9
Prionospio heterobranchla texana 10 4 6 7 10 5
Scololepis texana 7
Streblosplo benodlett 6 7 5 3 2 5 4
Thar dorsobranchialis 1 8 5 2 I i 1 4 9 1

u cidae spp. 4 4 7 3 2 2 2 1 6 2
Tublfleoldes spp. 4

MOLUJSCA
Brachtdontes spp. 8
Caecum pulchellum 5 3 7

.
Cylichnella canalculata 4 7
Haminosa succinea 8
Mysella plaaulata 9 7 6 10 8'
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TABLE C-6

() COMMUNITY PARAMETERS OF BENTHIC MACR 0 INVERTEBRATES
AT COMPARABLE DISCHARGE AND CONTROL STATIONS

CRYSTAL RIVER PROJECT
1981

Discharge basin mean
Month (exclusive of Stations 1 and 7) Station 8

Number of 14 April 33,763 33,130
individuals /m2 22 June 7,069 11,587

31 August 6,947 18,513
30 November 14,133 10,313
Annual mean 15,472 18,386

Biomass -

(gram dry 14 April 8.043 21.238
2weight /m ) 22 June 4.034 4.915

31 August 2.679 4.558
30 November 3.850 6.061
Annual mean 4.652 9.193

Total number of 14 April 62 74

taxa 22 June 19 44
31 August 12 49O 30 November 25 55
Annual mean 30 56

Diversity (H') 14 April 2.885 4.090
22 June 2.651 3.901
31 August 2.044 3.707
30 November 2.432 4.382
Annual mean 2.503 4.070

Evenness (J') 14 April 0.489 0.659
22 June 0.644 0.715
31 August 0.576 0.660
30 November 0.616 0.758
Annual mean 0.581 0.698 .

.
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(J3 D. SUCTION DREDGE

INTRODUCTION

The ecological importance of benthic macroinvertebrate communities

and their usefulness as indicators of environmental perturbation were

discussed previously (C. Benthic Core). The purpose of the suction

dredge sampling program was to quantify the species composition, diver-

sity, abundance and biomass of the larger benthic invertebrates in the

control and discharge basins.

W
Because the area sampled by the suction dredge was considerably

larger than that, sampled by the benthic core, the suction dredge program

provided more accurate data on the larger, more sparsely distributed

benthic organisms. The suction dredge was also more effective than the

benthic core in sampling the hard substrates that occur at several sta-

tions in the control basin. The suction dredge program thus compliments

the benthic core program, which was more effective in sampling smaller

organisms in soft substr:te.

MATERIALS AND METHODS

Field Procedures

Suction dredge samples were collected quarterly at each of seven

stations in the discharge and five stations in the co,ntrol basin (Figure

0-1). At each station, one sample was collected within a 15-m radius of

the station marker.

O
'

D-1
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Prior to sampling, a 1-m square by 0.5-m high aluminum frame box was

worked into the substrate to a maximum depth of 20 cm. A Venturi-type

suction dredge powered by a modified May Fluid Transfonner was then used

to remove all substrate and biota within the frame (Figure 0-2). After

the quadrat was excavated, the material retained by a 0.3-cm-square mesh

collecting bag was fixed in a buffered 10-percent fonnalin-seawater solu-

tion containing Eosin B and Biebrich Scarlet stains (Williams,1974).

Laboratory Procedures

In the laboratory, samples were sieved through 0.3-cm-square mesh

netting material .and then through a 2-mm mesh sieve to remove finer sedi-

ments. Organ sms retained on the sieve were preserved in 50-percent

isopropyl al cohol . All organisms were then identified to the lowest

practicable taxonomic level and enumerated.

Both wet and dry weight biomass detenninations were made for each

major taxor ' tic component of each sample. Wet weights were obtained

after blott.ng the sample with paper towels to remove excess liquid. Dry

weights were obtained after drying the sample for 24 hours at 70*C.

RESULTS AND DISCUSSION

During 1981, 318 benthic taxa (Table D-1) and 20,368 individuals

were collected by the suction dredge. Of these taxa,151 were collected

at discharge stations, and 287 were collected at control stations. Only

31 taxa were collected exclu'sively in the discharge area.

O
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The vast majority of organisms collected by suction dredge were

macroinvertebrates. However, 14 species of demersal fish and several

ascideans were also represented. As in previous years, all taxa were

included in 1981 data analyses.

Abundance

Mean densities of organisms in suction dredge samples varied con-

siderably among quarters during 1981 (Tables 0-2, 0-3, Figure D-3).

Though large seasonal fluctuations were noted in both basins, control

basin densities were significantly higher than those in the discharge

basin during every sampling period but April (Figure D-3).

f At control stations, abundance was highest during either June or

September, and, with one exception, lowest during December (Table D-2).

Seasonal patterns of abundance in the control basin coincided with ses-

sonal temperature patterns, suggesting that temperature may be important

in determining fluctuations in abundance of the larger macroinvertebrate

fauna.

In the discharge basin, stations closest to the discharge canal

(Stations 1, 6 and 7) exhibited a unifonn seasonal pattern of faunal

abundance. At these stations, substantial decreases in abundance (Table

D-3) coincided with large increases in temperature between April and June

(FigureB-2). Temperatures remained high and faunal abundance low during

September. Increases in faunal densities in December coincided with

decreases in water temperature. The inverse relationship between water

D-3



temperature and faunal abundance at these stations is consistent with

other studies conducted throughout Florida, which have indicated that

temperatures above 32' to 33*C are harmful to local marine life when

sustained over the natural tidal cycle (Bader and Roessler, 1972;
,

| Vi rnstei n,1972) .
i

| Seasonal patterns vari ed considerably among Stations 2, 3, 4 and 5
|

| (Table D-3). At these stai. ions, seasonal temperature fluctuations were
1

less severe, and correlations between temperature and faunal density were

less apparent. Calculated mean densities for all seven discharge sta-

|
tions show a seasonal pattern of faunal abundance in which densities

! decreased substantially in summer from spring peaks and remained low

through winter (Figure D-3). g

| Biomass

Mean biomass values were significantly greater in the control basin

than in the discharge basin during every quarter of 1981 (Figure D-4).

Seasonal patterns also differed considerably between basins. In the

control basin, biomass values were higher at most stations during

September and December (Table D-2). No consistent relationships between

density and biomass were apparent. Furthennore, fluctuations in biomass

I did not appear to be detenni ned by any one envi ronmental factor.
\

Seasonal fluctuations in biomass may be caused by the random occurrence

of a large organism in a sample or by seasonal fluctuations in densities

of certain larger organisms. For example, high biomass values at .

Stations 9 and 10 in December were primarily due to increased densities

D-4



~

O
of large ascidians, and the substantial increase in biomass at Station 12

in December was attributahle to the presence of one large specimen of the

gastropod Melongena corona. A trend of increasing biomass between June

and December was shown when biomass data for all control stations were

combined gFigure D-4).

. In the discharge basin, seasonal trends in faunal biomass were simi-

lar among stations closest to the discharge canal (Stations 1, 6 and 7;

Table D-3). At these stations, fluctuations in biomass were similar to

and coincided with fluctuations in faunal abundance. As with abundance,

an inverse relationship between temperature and faunal biomass was shown

at these stations. However, this relationship was not apparent at other

O discharge stations where relatively high biomass values were recorded

during at least one of the two wannest sampling periods. Though con-

siderable seasonal variation in biomass was noted at individual discharge

_
stations, mean biomass values for the entire basin fluctuated little

among quarters (Figure D-4).

Similar to the community at Station 12 in the control basin, season-

al peaks in faunal biomass at discharge stations were, on occasion, due

to the presence of extremely low numbers of relatively large organisms.

Because these large, sparsely distributed organisms are probably not ade-

quately sampled even by the suction dredge, faunal biomass has limited

value as an indicator of the effects of power plant effluents on the

benthic communities of the study area.

U
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h
Species Richness

In general, mean number of taxa (species richness) was substantially

higher and less variable among quarters in the control basin than in the

discharge basin (Tables D-2 and 0-3). In the control basin, numbers of

taxa were highest at most stations during the warmer sampling periods ,

1

f(June and September) and lowest during the cooler periods (April and

December) . This suggests a direct relationship with water temperature.

Total number of taxa for the entire control basin varied little among the .

l

first three quarters but decreased somewhat in December. Decreased

number of taxa in December coincided with a substantial decrease in bot-

tom water temperature during that quarter, again suggesting that tem-
i

I perature may be important in determining the number of taxa present.

O'

All discharg2 stations exhibited a unifonn pattern of scasonal
|

variations in number of taxa (Table D-3). Species richness at all sta-
t

tions was highest during April, decreased steadily through June and
;

j September then increased in December. Declines in species richness be-

tween April and June coincided with increases in temperature (Figure

B-2). Bottom water temperatures exceeded 33*C at all discharge stations

during June. Decreases in species richness during June were probably

related to high temperatures, because temperatures greater than 32*C have

been shown to be harmful to marine life (Bader and Roessler,1972), and

temperatures of 32' to 33*C have been associated with decreases in number

of benthic species (Virnstein,1972). Further declines in species rich-'

ness during September were probably due to sustained high temperatures

| throughout the summer. Decreases in bottom water temperatures in

D-6
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O December coincided with increases in species richness at all discharge

stations. It is probable that as temperatures became more tolerable in

fall, new taxa were recruited into the discharge area.

Diversity and Evenness

During 1981, mean diversity values for the control basin were

higher and less variable than those for the discharge basin (Figure D-5).

Little variation in evenness values was noted among quarters in either

basin; however, evenness was consistently higher in the control basin.

Overall diversities for all stations sampled during 1981 were graphically

compared using the rarefaction method of Sanders (1968). Rarefaction

curves indicated that discharge stations were less diverse than control

O stations (Figure D-6). This was substantiated by the fact that annual

mean diversity values were greater than 4.0 at all control stations and

less than 4.0 at all discharge stations (Tables D-2, 0-3). Rarefaction

diversity at control Station 8 was similar to that of the discharge sta-

tions, probably as a result of their very similar substrates.

With the exception of Station 12, control station diversity values
|

| were highest in September and lowest in December, although differences

among quarters were slight (Table D-2). Diversity values at Station 12

varied considerably among quarters and were highest in December and

lowest in June. The relatively low diversity at Station 12 during June

was apparently the result of decreased numbers of polychaete taxa and
,

increased dominance of the mussel Brachidontes spp. Relatively high num-

|
bers of Brachidontes in June probably reflect natural seasonal variation

D-7



in density because a similar increase occurred during June at Station 11

(the only other station in which Brachidontes was collected in large

numbers). A decline in the number of polychaete taxa present at Station

12 in June coincides with the period of highest water temperature,

suggesting an inverse relationship with temperature. However, numbers of

polychaete taxa at other control stations were not depressed in June.

Some unknown, more localized factor was probably responsible for the

decline in polychaete taxa at Station 12. Mean diversity values for the

control basin varied little among quarters and remained high throughout

1981.

In general, evenness values remained high throughout the year at all

control stations (Table D-2). The only exception occurred at Station 12

in June when increased numbers of Brachidontes resulted in a relatively
|

| low evenness value. Mean evenness values for the control basin varied

only slightly among quarters and remained high throughout the year
|

| (Fioure D-5).

In the discharge basin, diversities were highest at most stations

during April, decreased through June and September, then increased in

December (Table D-3). Mean diversity values for the entire basin varied

in the same manner (Figure D-5). As with species richness, an inverse

relationship between bottom water temperature and diversity was indi-

cated.
.

S

O
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Fluctuations in diversity usually coincided with fluctuations in

species richness (Table D-3). An exception was noted at Station 7 where,

although species richness was highest during April, diversity was icwest.

Nevertheless, diversity values were very low at most discharge stations

during June and September, apparently as a result of reduced numbers of

taxa. As has already been discused, these reductions are probably asso-

ciated with high summer water temperatures.

Within the discharge basin, summer diversity values were least

reduced at Station 3 (Table D-3). This was probably related to this sta-

tion being farthest from the discharge and having the lowest sumer water

temperatures. Conversely, summer diversity values were most reduced at

the stat.ons experiencing the highest summer water temperatures.'

Evenness values varied considerably among quarters at most discharge

stations; however, no distinct seasonal pattern was indicated (Table

D-3). It should be noted that a number of evenness values may be artifi-

cially high due to extremely small sample size. The EPA (1973) suggests

that samples containing less than 100 specimens should be evaluated with

caution.

Community Composition

Annelids usually dominated the number of individuals and number of

taxa in the discharge basin, but no one group consistently dominated
,

these parameters in the control basin (Figure D-7). Considerable season-

al variation in the contribution of each major group to total biomass was

noted for both basins.

D-9
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In the control basin, seasonal shifts in the contribution of major

groups to total faunal density were shown (Figure D-7). These shifts

were most probably attributable to natural seasonal variations in the

density of dominant taxa. No one group appeared to be highly dominant

because ao group contributed more than 60 percent to total faunal density

during any quarter. In general, numerical dominants were annelids in

April, arthropods in June, and a combination of molluscs and arthropods

in September. During December, the four major groups contributed about

equally to the number of individuals.

Annelids dominated the number of individuals in the discharge basin,

accounting for at least 73 percent of all individuals collected each

quarter (Figure D-7). During June and September when water temperatures O
were highest, over 90 percent of the total faunal density in the

discharge basin was contributed by annelids, suggesting that :nembers of

i this group are more tolerant of thennal stresses than are other groups.

f Rosenberg (1976) reported that annelids were frequently the last group
1

| excluded from stressed environments and the first group to recolonize

| these areas when pollution had abated. The contribution of other groups

| to total density was highest in the discharge basin during December when

tempere.ures were lowest.

Percentage contribution to biomass varied considerably among quar-

|
ters in the control basin (Figure D-7). Because of their small size,

1

| relative to other groups in- the control basin, annelids consistently

contributed little to total faunal biomass. The large contribution by g
D-10
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O
miscellaneous taxa -in April and June was primarily due to the presence of ,

a few large ophiuroids, ascidians and demersal fish. In September, the

presence of relatively large numbers of molluscs accounted for the major

contribution to total biomass. Miscellaneous taxa and molluscs dominated

the biomass in the control basin during December. The increased numbers

of ascidians in December accounted for nearly 90 percent of the biomass

attributable to miscellaneous taxa, and the chance collection of one

large specimen of the conch Melongena corona accounted for much of the

total molluscan biomass.

In the discharge basin, the presence of relatively large numbers of

annelids, as well as the absence of any particularly large individuals in

other major groups, accounted for the relatively high annelid component

of biomass in April (Figure D-7). Relatively large contributions to

total biomass during the remaining quarters were caused by the collection

of a few large individuals.

Contributions of each major group to total number of taxa in the

control basin changed little among quarters (Figure D-7). No one group

was highly dominant over another during any quarter. The relatively even

distribution of taxa among the major groups may refl ect the greater

diversity of habitats in the control basin. The presence of both hard

and soft substrates and a diverse and productive assemblage of macrophy-

tes in the control basin provides potential habitats for a variety of

benthic organisms.

|O
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O
In the discharge ~ basin, annelids predominated tot 11 number of taxa

during each of the first three quarters of 1981 (Figure 0-7). The rela-

tively large proportions of annelid taxa may be attributable to the abil-

ity of members of this group to tolerate periods of thennal stress as

well as the preference of many annelid species for soft substrates such

as those that predominate in the discharge basin. The more even distri-

bution of taxa among the major groups in December may be related to

decreased water temperature in the discharge basin during this period.

This decrease allowed species from groups previously excluded by high

temperatures and low dissolved oxygen concentration to be recruited into

the discharge basin.
;

l

hDominance

Considerable shifts in dominance occurred between quarters in both

basins (Table D-4). However, the majority of the dominant taxa in the
i

discharge basin were always annelids. A more equal distribution of domi-

nants among annelids, molluscs and arthropods usually occurred in the'

control basin. Few dominant taxa were shared between basins during any

quarter. When the 10 dominant taxa for the entire year were determined

for each basin, Onuphis simoni and Pista cristata were found to be

shared. Differences in dominants between basins are probably attribu-

table to previously discussed differences in substrates and temperature

regimes between the two areas.

O
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O Comunity Similarity

Morisita indices of community similarity were usually quite low when

discharge stations were compared to control stations (Figure 0-8). Of

all control stations, the fauna at Station 8 was the most similar to

those of the discharge stations. This was probably because substrates at

control Station 8 were nearly identical to those in the discharge basin

(I. Sediments). The influence of substrate on faunal composition is unt-

versally acknowledged (Sanders,1958; McNulty et al.,1962; Bloom et al.,

1972). Among discharge stations, Station 3 generally showed the highest

faunal similarity with the control basin. This was probably because

Station 3 was the most similar to the control basin with respect to

macrophyte biomass. The relationship of plant biomass and epibenthic

comnunity structure is also well recognized (Heck and Wetstone,1977;

Gore et al . , 1981) . Furthennore, because Station 3 was the farthest

removed of any discharge station from the point of discharge, the benthic

fauna there would be expected to be less directly affected by thennal

stress. The effects of thennal stress on benthic communities have been

documented by Warinner and Brehmer (1966), Bader and Roessler (1972),

Virnstein (1972) and Blake et al. (1976).

Within the discharge basin, the faunas of Stations 1 and 7 were most

similar to each other and notably dissimilar from those of other

discharge stations. This may be related to the effects of thennal

discharges on both the macroinvertebrates themselves and the macrophytes

that provide' food and shelter. Stations 1 and 7 had the highest maximum

temperatures and the lowest macrophyte biomass of all discharge stations

D-13



(E. Macrophyte Biomass). Among other discharge stations the benthic

communities at Stations 1 and 7 were most similar to the benthic com-

munity at Station 6. Maximum summer water temperatures at Stations 1 and

7 most closely approximated those at Station 6. Again, temperature is

suggested as important in determining benthic community structure.

Variations in community parameters among stations in the control

basin were apparently not due to local differences in physicochemical

characteristics of the water. Rather, these differences appear to be

attributable to physical differences in substrates among stations.

Control basin substrate types range from muddy sediments dominated by

seagrasses (Station 8) to mostly rock and oyster shell outcroppings sup-

porting dense beds of algae (Stations 12). Such divergent habitats would g
be expected to support relatively different benthic communities. Low

community similarity among several control stations (Figure D-8) supports

this premise.

Operational Trends

During operational monitoring (1977-1981), mean numbers of indivi-

duals in suction dredge samples have been consistently higher in the

control basin than in the discharge basin (Figure D-9). Differences be-

tween basins during June and September of 1981 were the greatest since

1977, the last time that Unit 3 was operational throughout the sunner.

Thot.;h biomass was generally higher in the control basin than at the

discharge basin during operational sampling, no consistent long-term or

seasonal trends were apparent (Figure D-9).

D-14
!



/G'

- Higher mean diversity values were recorded during 1981 than during

any other year of operational monitoring (Figure 0-10). This was pro-

bably accounted for by more precise taxonomic analysis during 1981.

Diversity values have been consistently higher in the control basin than

in the discharge basin throughout operational monitoring. Again, dif-

ferer.ces between basins were greatest during June and September of 1981

than in any year since 1977. During every year of monitoring, diversity

in the discharge basin has decreased from June to September and increased

from September to December. The lowest discharge diversity values for

each year of study were recorded in September. This consistent seasonal

pattern probably reflects the seasonal influence of heated effluents from

the power plants.

O
Though evenness values were usually greater in the discharge basin

than in the control basin prior to September 1979, control basin evenness

has remained higher than discharge basin evenness since that time.

However, discharge values may be artificially high as a result of the

small size of the samples collected in June and September.

Preoperational Comparisons

Suction dredge data show that quarterly mean densities of the

benthic organisms in the discharge basin were consistently higher during

1981 than during the preoperational period (Figure 0-11). Because a

similar trend was shown in the control basin (Figure D-12), this probably

reflects overall higher densities throughout the study area during 1981.

O-
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Mean biomass values for the discharge basin were also consistently

higher during 1981 than during the preoperational study (Figure D-13).

However, preoperational means were consistently within two standard

deviations of corresponding 1981 means. Preoperational mean biomass

values for the control basin also remained within two standard deviations

of 1981 means (Figure D-14). However,1981 values were somewhat lower

i

! than preoperational values in June and considerably higher than preopera-

tional values in December. This may either reflect long-term natural

j
variability or result from the chance occurrence of one or two large

organisms in suction dredge samples.

|

I SUMMARY

The number of individuals collected by suction dredge in the control $,

basin was significantly greater than in the discharge basin during the

| last three quarters of 1981. Biomass was significantly greater in the

| control basin during all quarters. Diversity and evenness were also con-

| sistently higher in the control basin. The variation of community param-

i eters among control basin stations appeared to be largely controlled by

differences in the substrate. Variations among discharge basin community

parameters appeared to be a result of exposure to thennal effluents.

Stations located closest to the discharge canal generally exhibited lower
|

density, biomass, number of taxa and diversity than did stations farther
!

| away from the point of discharge. Densities, species richness and diver-
|

| sity at most discharge stations were lowest in the summer when thermal

effluents eleva ted al ready high ambient water temperatures beyond

tolerable levels. During winter as water temperatures moderated, diver-

sities generally returned to springtime high levels.
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O The benthic community of-the discharge basin was dominated by anne-

lids and other taxa adapted to life in soft substrates. These soft

substrates were available at every discharge station. At the control

stations, the members of the benthic community were more evenly distri-

buted among the major taxonomic groups, no one group maintaining domi-

nance over the other groups throughout the year. This was attributed to

the greater variety of substrate types in the control area.

Data collected in 1981 depicted a benthic fauna more abundant and

diverse than those reported by previous preoperational and operational

studies. Seasonal variation in community parameters followed patterns

similar to those previously reported. In 1981, differences between

discharge and control basin density and diversity were the greatest

observed since 1977, the last year that Unit 3 was operational throughout

the sunner. Thus, it appears that effluents from Unit 3 have created

additional thennal stress upon benthic communities inhabiting the

discharge basin. However, deleterious effects were localized to the area

immediately adjacent to the discharge canal. Communities at stations

farthest from the point of discharge exhibited characteristics similar to

those of a community inhabiting a comparable area in the control basin.

O
D-17
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Figure D-9. Density and biomass of benthic fauna collected by suction dredge,
Crystal River Project, 1977-1981.
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O
TABLE 0-1

TAXONOMIC LIST OF SUCTION NEDGE FAUNA AND THEIR FREQUEPCY OF OCCURREtCE*
CRYSTAL RIVER PROJECT

1981

Discharge Control D i scharge Control
Taxa basin basin Taxa basin basin

ANNELIDS (continued)ANNELIDS
Amaeans trilobata 3.6 60.0 M. Iobiferum 3.6
Amphictals floridus 10.7 5.0 Eecalomma spp. 3.6
Arabel la t ricolor 65.0 Melinna maculata 17.9 5.0
Arenicola cristata 3.6 20.0 Naineris cf. laevigata 3.6 60.0
Aricidea philbinae 28.6 10.0 Neanthes acuminata 35.0
Aricidea Taylort 28.6 30.3 N. succinca 50.0 35.0
Axiothella mucosa 28.6 75.0 Rematonerais habes 5.0
Boquella sp. A 20.0 Nereldes spp. 3.6
Brancnicasychts americanus 50.0 90.0 Nereiphylla fragills 5.0
Capitella capitata 53.6 5.0 Nereis falsa 25.0

C. Jonest 5.0 N. rilsel 10.0
L'apitomastis aciculatus 10.7 Wotomastus hemloodus 7.1
Chone sp. A 21.4 45.0 N. latericeus 10.7 10.0
Cl ymenella torquata 25.0 10.0 Udontosvilis encola 30.0
Diopatra cuorea 50.0 35.0 Onuohls simoni 14.3 80.0
Drilonereis magna 50.0 Owenia fusiformis 10.7
Enoplobranchus sanquineus 14.3 30.0 Parsonides sp. A 7.I

Eteene heteropoda 14.3 10.0 Paraorionosofo pinnata 39.3 40.0
Eumida sanquinea 55.0 Pectinaria couldli 14.3 60.0
Eunicidae sp. A 10.0 Perinerels floridana 5.0
Exoqone dispar 3.6 30.0 Phyllodoce arenne 17.9
E. veruqera 10.0 Piromis eruca 10.7 10.0
Tabricia sp. A 3.6 15.0 P. cristata 21.4 75.0
Galathowenia sp. A 28.6 P". calmata 20.0
Glycera americana 42.9 50.0 Fratynerets dumerilli 3.6 70.0
Glycinde solitaria 21.4 15.0 Poecitoenastus ichnsoni 7.1
Gyptis brevipalpa 3.6 10.0 Polyctrrus eximius 20.0
Haptoscoloolos follosus 14.3 50.0 Polydora IIqnt 7.1 10.0

Haploscoloolos robustus 7.1 80.0 P. socialis 25.0 30 7
Hapioscolopios spp. 3.6 10.0 P!"websteri 3.6
Haplosvills soonalcola 10.0 FFlonosoio cirrlfera 10.7 5.0
~Harmothoe aculeata 7.1 10.0 P. heterobranchia texana 17.9 30.0
Heteromastus fillformis 42.9 30.0 3abella microothalma 75.0
Hyboscolex lonaiseta 3.6 10.0 s. vutoarls 15.0
Hydroides dianthus 65.0 Talmacina 7 spp. 5.0
Hypsicomus phaetaemia 15.0 schistomeringos rudolphi 10.0
Langerhansia cornuta 10.0 scoleleois texana 5.0
Laeonerels culveel 85.7 30.0 scololoptos rubra 32.1 80.0

,

Lepidametria commensalis 20.0 scolosoples spp. 20.0
!
l Lepidonutus variabills 20.0 Solochaetopterus costarum 10.7 30.0
I Loimia viridis 7.1 ocu l atus

7.1 10.0 Streblosone hartmanae 55.0
Lumbrinerls spp. .

10.7 15.0 streblesolo benedicti 7.1Lumbrineris tenuls 5.0
L. verrilli 21.4 20.0 Terebella rubra

Iumbrineris crurensis 21.4 Terebullides stroemII 10.7 5.0
Magelona petti boneae 14.3 60.0 Tharyx dorsobrancnialis 7 21.4 60.0
Haldanidae sp. A 17.9 15.0 Tubificidae spp. 7.1
Marphysa sanquinea 85.7 75.C Typosyllis annularis 55.0

Mediomestus ambiseta 5.0 Typosvilis nyal lna 5.0
M. californiensis 21.4 40.0 Typosyllis sp. A 10.0
Redlomastus spp. 10.7 25.0 Typosyllis sp. B 3.6 25.0
Moqalomma bloculatum 7.1 Typosyllis sp. C 17.9 60.0

CRYRIV6
TABLED-1
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TABLE D-1
(continued)

TAXONOMIC LIST OF SUCTION OREDGE FAUNA AND THEIR FREQUEPCY OF (CCURREPCE.
CRYSTAL RIVER PROJECT

1981

Discharge Cc N 21 Olscharge Control
Taxa basin basen Taxa basin basin

MOLLUSCS MOLLUSCA (continued)
Abra_aequalls 20.0 Macoma sp. A 5.0
Abra sp. A 5.0 Marginel|Idae spp. 5.0
Acanthochitona pygmaea 45.0 Melongena corona 5.0
Acanthochitona sp. A 10.0 Mitrella dichroa 5.0
Alicena texastana 10.7 Musculus lateralls 55.0
Amygdatum papyrium 7.1 15.0 Nassarius vibex 35.7 45.0
Anomia simplex 5.0 Noetia ponderosa 5.0
Astyrls luneta 15.0 Nuculana acuta 3.6
Bittlum varium 10.0 Nucula proxima 45.0
Brachidentes modlotus 5.0 Olivella mutica 10.0
Bracnidentes spp. 55.0 'Ostreola equestris 40.0
Bulla striata 15.0 Polinicos duplicatus 3.0
Calotroonon ostrearum 20.0 Polyplacophcra spp. 5.0
Cardiomva costellata 3.6 Prunum epicinum 85.0
Carditamera floridana 70.0 Pyrgocythera plicosa 5.0
Corithium atratum 5.0 Rissolne catesbyana 5.0
C. ecueneum 10.0 Semele purpurascens 10.0
C lutosum 5.0 Semelidae sp. A 5.0
C muscarum 3.6 15.0 Solonidae spp. 3.6

f 'Elone cancellata 3.6 5.0 Stillaer sp. 7 15.0
' C h ione latillrata Tagetus divlsus 14.3

Codakia orbiculata 15.0 Tellina alternata 5.0
Costoanachis avara 20.0 T. eineata 10.0
Castoanachis samlolIcata 25.0 C sybaritles 14.3 55.0
Cassostrea virginIca 5.0 C tamosensis 5.0
Crepidula acutesta 30.0 C texana 5.0
C. convexa 5.0 C versicolor 25.0 25.0
C fornIcata 5.0 TeiIinidae spp. 10.7 20.0
C macutesa 70.0 Trachycardlum murleatum 5.0
C plana ~ 35.0 Transonnella conradins 50.0
EuminoIa coarctata 45.0 Turboniiia daiiI 5.0
C. teit9 oldes 5.0 urosalpinx tamosensis 5.0
LTclichnella canaliculata 10.0
Cylindrobulla beaul t 10.0 ARTm0P00S
Dentimargo aureocincta 5.0 Alpheus armillatus 5.0
Doridolda sp. A 5.0 A. heterochaelis 46.4 55.0
Dostmia sp. A 3.6 U normani 30.0
Fasciolarla Illium hunteria 20.0 XTohous spp. 7.1 30.0
Gastropoda sp. A 15.0 Ambidexter synnetricus 28.6 30.0
Granullna ovullformis 5.0 Amoellsca vadorum 3.6 30.0
Haminosa succinea 10.7 5.0 A. verrilli 5.0
Haminoea spp. 3.6 5.0 Ampet Isca spp. 3.6 25.0
lschnochiton striolatus 50.0 Ampithoe lonalmana 3.6 10.0
Laevicardlum mortoni 3.6 70.0 Ampitnoe sp. A 5.0
Leptonidae sp. A 5.0 Ampithoe spp. 5.0
Leptonidae sp. B 3.6 Anthuridse spp. 5.0
Lima pellucida 5.0 Apseudes sp. A 15.0
Lucina nas.sula 3.6 Bates catharinensis 5.0
Lyonsta floridana 7.1 30.0 callanassa spp. 5.0
Macoma constricta- 32.1 10.0 Callinectes sapidus 21.4 10.0

& tenta 3.6 5.0 CalIinectes spp. 10.7 5.0

O
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TABLE D-1
(continued)

TAXONOMIC l.lST OF SUCTION [REDGE FAUNA AND THEIR FREQUEtCY OF CCCURRE?CE.
CRYSTAL RIVER PROJECT

1981

D ischarge Control Discharge Control

Taxa basin basin Taxa basin basin

ARTHROP005 (continued)ARTHROPOOS
Caridea spp. 3.6 15.0 'Panopeus spp.

5.0 Paracaprella pusilla 3.6
Carldea mysts 10.05.0 P. tenuisCaridea postlarva
Carinobates cuspidata 10.0 Eracercels caudata 5.0

10.0 Paracercels spp. 15.0
Corophiut acherusicum

20.0 Paracercels_ 7 sp. A 10.0
C. simlie
Gropnlum spp. 10.0 Pella mut'ca 30.0

Cymadusa compta 7.1 60.0 Penaeld postlarvae 3.6
60.0 Penaeus duorarum 30.0

Cymadusa spp. 25.0 55.0
cvmodoce faxon! 3.6 15.0 Penaeus spp.

Elasmoous levis 35.0 Pericilmenes americanus 28.6 60.0

Elasmopus spp. 3.6 5.0 P. tongicaudatus 7.1 15.0

Erichsonoi1a f1IIformis 21.4 40.0 Etrolisthes armatus 50.0

Erlchthonlus brasiilensis 3.6 35.0 'etrosistnes spp. 35.0

E. rubricornis 30.0 Photidae spp. 5.0
35.0 PinnIxa sayana 7 3.6 5.0

TFichthonius spp. 10.7 15.0
Euceramus praelonous 3.6 Pinnixa spp.

Eurypanopeus oeoressus 55.0 Portunus spp. 3.6 5.0

Excoraliana tricornis 15.0 Portunus albbesli 3.6
Exceraltana spp. 15.0 Rhlthrocanoceus narristl. 5.0
Harqerla rapax 3.6 20.0 Tanals sp. A 20.0

Heterophilas seclusus 40.0 Taohromysis bowmant 7.1
Hippolyte zostericola 7 3.6 65.0 Thor dobkini 15.0

20.0 ThoF spp. 25.0
Hippolyte spp.

15.0 TFachypenaeus_ spp. 5.0
Hippolytidae spp.
Kalllapseudes spp. 5.0 Uonebla affinis 21.4 35.0

5.0
Lemoos rectanquietus 5.0 Upogebia spp.

L. smithil 10.0 xanthidae spp. 3.6 70.0

C unicornis 5.0 Xenanthura brev! telson 3.6
Gmbos spp. 7.1 40.0
Leucothoe spinicarpa 40.0 ECHIN 00ERMS

Libinia dubia 30.0 Amohtoplus abditus 7.1 40.0
15.0 A. thromoodes 3.6 25.0

L. erinaces 10.0
Elbinia spp. 3.6 10.0 Amphiopius spp

10.0
LysIanopsIs a1ba 20.0 AmphIuricae spp.

5.0 Holothuroidea spp. 5.0
Magidae spp.
Mellte appendiculata 35.0 Leptosynapta sp. A 28.6 30.0

10.0
M. elonnata 7 3.6 20.0 Ophloderma spp.

Elita spp. 3.6 20.0 Ophiophraamus filograneus 14.3 25.0
5.0 Ophiothrix anquiata 10.0

Melitidae spp. 40.0
Neopanope packardt 50.0 Othilla spp.

14.3 95.0 Pentamera pulcherrima 5.0
N. taxana
E panope spp. 17.9 85.0 Thyone mexicana 14.3 5.0

Oqvrides alphaerostris 5.0 Thyonel la gemmata_ 3.6 5.0
50.0Paguroidea spp.

Paqueus annullpes 3.6 65.0 MISCELLANEOUS PHYLA

P. lonalcarpus 3.6 Cnidarla spp. 10.7 50.0

Equrus spp. 3.6 30.0 Nemertina spp. 28.6 80.0
30.0

Palaemonetes floridanus 40.0 Platyhelminthes spp.
55.0

P. Intermedius 7.1 20.0 Portfara spp.

Elaemonetes spp. 17.9 45.0 Sipuncula spp. 3.6 60.0
10.0 Hemichordata spp. 5.0

Palaemonidae spp.
Panopeus herbstil 15.0

0
CRYRIV6
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TABLE D-1*

(continued)
TAXONOMIC LIST OF SUCTION DREDGE FAUNA AND THEIR FREQUItCY OF OCCURREPCE.

CRYSTAL RIVER PROJECT
1981

Discharge Control Discharge Control

Taxa basin basin Taxe basin basin

CHORDATA CHORDATA (continued)
Achtmus lineatus 3.6 15.0 Lucania parve 5.0
Ascidiacea spp. 7.1 85.0 Microanathus crinloor 5.0
Chasmodes suburrae 30.0 Microaobius quiosus 7.1 30.0
Gobiosome rocustum 55.0 M. thalassinus 7.1
Hippocampus zosterae 15.0 DTsanus beta 3.6 55.0
Hippocampus spp. 5.0 Parailchthys albloetta 7.1 5.0
lagodon rnomboldes 10.7 20.0 Symonurus plaalusa 3.6 20.0
Lelostomus xanthurus 3.6 5.0

* Percentage of samples taken during 1981 In which each taxa was collected (n for discharge basin =
28, n for control basin = 20).

.
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TA8LE 0-2

QUAATERLY C0rHJNITV PAAAt(TERS DETERM!hED FOR SENTHIC FAUNA
COLLECTED IN SUCTION OREOGE SAsfLES AT SEVEN O!5CHAAGE STAi!ON5

Cat 51AL RitER PROJECT
1981

5tations

Basin Basin
Parameter Month 1 2 3 4 5 6 7 total mean

Number of Individuals /a 15 April 107 567 663 674 287 537 1452 4287 612.4
23 June 6 561 527 351 81 25 11 1562 223.1
1 September 2 180 24 350 174 53 5 788 112.6
1 December 110 54 92 70 90 115 162 693 99.0

Total 225 1362 1306 1445 632 730 1630 - -

Annual mean 56.3 340.5 326.5 361.3 158.0 182.5 407.5 261.8-

Slomass (gram dry weight /a ) 15 April 2.454 4.584 4.168 7.023 3.287 7.144 5.l73 33.833 4.833
23 June 0.028 10.646 6.511 1.215 0.566 0.838 0.194 19.998 2.857
1 September 0.033 5.009 12.754 4.091 4.250 1.335 0.031 27.503 3.929
I December 0.130 11.574 3.007 1.399 2.430 2.132 0.672 21.344 3.049

Total 2.645 31.813 26.260 13.728 10.533 11.449 6.070 - -

o Annual mean 0.661 7.953 6.610 3.432 2.633 2.862 1.518 3.667-

8

W 10 31 number of tasa 15 April 23 46 56 51 40 49 37 130 43.1* 23 June 2 22 43 12 12 7 6 54 14.9
1 September 2 10 8 8 6 5 4 20 6.1
1 December 15 15 27 13 16 18 23 56 18.1

Total 40 69 98 66 60 69 54 151 -

Annual mean 10.5 23.3 33.5 21 18.5 19.7 17.5 - 20.5

Olversity (N') 15 April 3.816 3.656 3.926 3.749 3.980 3.531 1.875 3.505-

23 June 0.650 2.084 3.887 1.114 2.264 1.764 2.482 - 2.035
I september 1.000 1.170 2.667 0.921 1.084 1.514 1.922 1.468-

1 December 2.139 3.166 3.655 3.095 2.938 3.460 2.777 - 3.033
Annual sean 1.901 2.519 3.533 2.220 2.567 2.567 2.264 - -

Evenness (J') 15 April 0.884 0.662 0.676 0.661 0.748 0.629 0.360 - 0.654
23 June 0.650 0.467 0.716 0.311 0.632 0.628 0.960 0.423-

1 September 1.000 0.352 0.881 0.307 0.419 0.652 0.961 0.654-

1 December 0.548 0.810 0.769 0.836 0.735 0.830 0.614 0.735-

Annual sean 0.771 0.573 0.761 0.529 0.634 0.685 0.724 - -

CRTRiv6
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TABLE D-3

QUASTERLT COMpajNiit PARAM TERS DETERMikf0 FOR SENTHIC FAuh4
COLLECTE0 IN SUCil0N DREDGE SArfLE5 AT T|VE CONTROL STATIONS

Caf51AL RIVER P40 JECT
1981

,

.

Stattoas

, Basin tasta

| Parameter Month 8 9 to 11 12 total mean

II Nuneer of individuals /m 15 April 450 839 829 484 587 3189 637.8
23 June 478 1539 681 873 375 3946 789.2
1 September 259 680 1630 653 600 3822 764.4
1 December 72 630 581 588 216 2087 417.4

Total 1259 3682 3721 2598 1778 - -

Annual mean 314.8 922.0 930.3 649.5 444.5 652.2-

Slomass (gram dry weight /m ) 15 April 14.116 13.343 8.691 14.044 28.754 18.948 15.7902
23 June 10.652 18.538 7.432 20.486 12.354 69.462 13.492
1 September 14.490 21.052 50.553 38.751 38.306 163.152 32.630
1 December 5.113 160.228 96.437 37.330 111.401 410.509 82.102

Total 44.371 213.161 163.163 110.611 152.509 - -

Annual meae 11.093 53.290 40.778 27.653 38.127 36.104-

Total museer of taas 15 April 50 83 68 78 99 178 75.6
7 23 June 46 99 77 81 45 177 69.6
w I 5eptember 59 to 100 86 61 141 77.2
e ! December 27 76 65 79 63 160 62.0

Total 108 178 190 173 170 287 -

Annual mean 45.5 84.5 17.5 81 67 - 11.1

Diversity (H') 15 April 4.320 4.957 3.880 4.998 4.835 4.598-

23 June 4.032 4.975 4.348 4.885 2.706 4.189-

1 September 4.753 ,.5.139 4.886 . 5.024 3.767 4.714-

1 December 3.774 . 4.626 4.313 4.846 5.100 4.532-

Annual mean 4.220 .4.924 4.357 4.930 4.102 - -

Evennets(J') 15 April 0.765 0.778 0.637 0.795 0.729 0.741-

23 June 0.730 0.750 0.694 0.771 0.493 0.688-

i Septester 0.808 0.813 0.735 0.782 0.635 0.755-
* I Deces6er 0.794 0.741 0.716 0.769 0.853 0.775-

Annual mean 0.774 0.771 0.696. 0.779 0.678 - -

CRYalv6
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TABLE D-4

DOMitWCE RAtK" FOR 10' TEN TAXA COLLECTED BY SUCTION OREDGE
CiYSTAL RIVER PROJECT

1981

April June September December Annual
Parameters Discharge Control Olscharge Control Olscharge Control D i scharge Control Discharge Control

ANilELIDS
Aricidea taylort 8 3 9 4
Axiothella mucosa 9 2 9 8 6
Branchloasychis americana 6 10
Capitella capitata 6
Clymenella torquata 2 9
Dlopatra cuprea 7
Galathowenia sp. A l 6
Heteromastus fillformis 5 2 4 3
Laeonerels culverl i I 2 I
Lumbrineris tenuls 7
L. verrilll 1 6
iiarphysa sanguinea 8 5 2 10 3 9 2
Medlomastus spp. 4
Neanthes succinea 4a

e Onuphis simont 6 4 6 10 7 6 6

$ Owenta fusiformis 10
Pista cristata 3 1 4 7 10 1

Paraprionospio pinnata 7 8
Scoloplos rubra 7
Tharyx dorsobranchialis 1 10
Typosyllis sp. C 5

MOLLUSCS
Brachidontes spp. 3 1 2
Carditamera floridana 2 2 2
Costoanachis avara I 9
ischnochlton striolatus 8
Macoma constricta 7
Nassarius vibex 3 8 6 4
Prunum aplcinum 3 3 4

ARTHROP00S
Alpheus heterochaells 5 9 10
lymadusa compta 3
~Cymadusa spp. 10 2 9

, '
; Ericthonius spp.

| Neopanope texana 9 9 9
l Neopanope spp. 5 5 6

l
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TABLE D-4
(continued)a

DOMINAM:E RAE FOR TOS TEN TAXA COLLECTED BY SUCTION DREDGE
CRYSTAL RIVER PROJECT

1981

April June September December Annual

Parameters Discharge Control Discharge Control Discharge Control Discharge Control Discharge Control

i

Paguroidea spp. 4
Paqurus annullpes 10
Paleemonetes intermedius 8
Penaeus spp. 8
Pericilmenes americanus 5 6
Thor dobkini 4
Xanthidae spp. 6

] Palaemonetes spp. 10

i OTHER
Ascidiacea spp. 7 1 5

, Leptosynapta sp. A 4 5
I
i .

4 a
McC loskey, 1970.1 -

!

j

!

!

!

!

1

4

!
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E. MACR 0PHYTE BIOMASS

INTRODUCTION

Macroscopic marine plants (macrophytes), including seagrasses and

algae, are important components of coastal ecosystems. They convert

essential nutrients from the surrounding water and substrates into organ-

ic materials, which is then consumed by other organisms in the food webs

(Wood et al., 1969). Although some animals feed directly on macrophytes,

most of the primary production reaches higher trophic levels through

detrital pathways (Thayer et al.,1975). Macrophytes provide sites of

attachment for smaller epiphytic plants that may contribute appreciably

to overall primary production (Hum,1964). They also increase habitat

O complexity of coastal waters by providing food, living space and protec-

tion to a variety of fish and macroinvertebrates (Heck and Wetstone,

1977; Thayer and Phillips,1977; Stoner,1980). By stabilizing sedi-

ments, macrophytes reduce water turbidities and further enhance nutrient

recycling (Phillips, 1978; Odum, 1970).-

Benthic macrophytes respond to changes in temperature, salinity,

depth, light, turbidity and nutrient levels (Hum, 1973). Near power

plants, high water temperatures have resulted in reduced macrophyte

coverage or shifts in species composition (Patrick,1974; Thorhaug et

al.,1978). Turbidity and salinity have also been shown to be important

in detennining macrophyte distribution (Zimennan et al.,1971; Thompson

and Wolcott,1976). Unlike motile organisms, macrophytes are unable to

avoid unfavorable physicochemical changes in the environment. Changes in

E-1
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O
macrophyte community structure may, therefore, indicate local environmen-

tal perturbations (Steidinger and Van Breedveld,1971).

Macrophytes are a conspicuous element of benthic communities in the

Crystal River area. Five species of seagrasses and numerous species of

macroalgae occur there (Phillips, 1961; Steidinger and Van Breedveld,

1971). As in previous years, macrophytes were sampled in both discharge

and control areas during 1981 to detenni ne if the operation of the

Crystal River Power Plant was affc. .g the abundance, distribution and

species composition of these important elements of the benthic community.

MATERIALS AND METHODS

Macrophytes were collected quarterly at each of seven stations in g
the discharge basin and five stations in the control basin (Figure E-1).

At each station, three replicates spaced at least 3 m apart were taken

within a 15-m radius of the station marker. A 50 x 50-cm by 0.5-m high

aluminum frame was placed on the bottom and worked into the substrate.

All macrophytes within the frame including roots, rhizomes and holdfasts

were removed by hand and preserved in 10-percent buffered seawater for-
1

| malin.
|

In the laboratory, each sample was separated into seagrass and

macroalgae fractions. Seagrasses were further separated by species and

macroalgae by divisions (Chlorophyta, Phaeophyta and Rhodophyta). Length

measurements of a maximum of 50 randomly selected leaves were taken for

each seagrass species. Macroalgae were identified to genus and
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representative material was retained for each taxon. Biomass was

measured for each seagrass species and macroalgae division after oven

drying the sample at 70*C for 24 hours.

RESULTS AND DISCUSSION

Macrophyte Composition and Distribution

in 1981, 23 genera of macroalgae and 5 species of seagrasses were

collected in the Crystal River study area (Table E-1). Almost all of the

algae collected were from the control stations, and vegetation in the

discharge basin was composed almost entirely of seagrasses (Table E-2).

Only 3 genera of algae were collected in the discharge, and 23 genera

were recorded in the control basin.

O
The majority (65 percent) of the macroalgae genera collected were in

the division Rhodophyta, the red algae. Gracilaria was the most commonly

collected red alga, followed by Ceramium, Spyridia, Chondria and Champia.

The Chlorophyta (green algae) composed 22 percent of the remaining genera

and the Phaeophyta (brown algae) 13 percent. Caulerpa and Sargassum were

the most coninonly collected macroal gae within these two divisions,
.

respectively.

With one exception, Halodule wrightii was the only seagrass recorded

in the discharge basin. The exception was Thalassia testudinum. It was

the dominant species at Station 3 in November, but it was not found at

any other station or during any other sampling period. Previous reports

from the study area have referred to Halodule material as H. beaudettii.

E-3
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Because the validity of H. beaudettii as a distinct species 'is in doubt

(Eiseman, 1980), this report will refer to all shoal grass as H_.

wrightii.

i

Except for Thalassia, all seagrass species were collected in the

control basin. Seagrass distribution and abundance varied greatly among

| stations and seasons in the control basin. However, Stations 8 and 10

( were the only stations where seagrasses were present in appreciable quan-

tities during every quarter.

i

l Biomass

Mean macrophyte biomass in the control basin was significantly

greater (P10.05) than in the discharge basin during every sampling period h
(Figure f 2). Thus, the control basin not only supported a greater

diversity of macrophytes, but a greater biomass as well.

In the discharge basin, the biomass of Halodule wrightii, after

| peaking in June, decreased rapidly through the sumner months (Figure

E-3). Although a sumner die-back of Halodule is probably natural, as

, suggested by the sunner decline of Halodule in the control basin (Figure
|

| E-4), it is probably accelerated by the increased temperatures in the
.

discharge. By fall, Halodule biomass appeared to have recovered from the

sumner die-back in the control basin (Figure E-4), but it remained

i depressed in the discharge (Figure E-3).

|
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- - _ _ _ _ _ _ _ _ _ _ - - _ _ _ _



, ___

O
Ruppia maritima was the most abundant seagrass in the control basin

(Figure E-4). Its decline after June was perhaps in response to

increased suniner salinities. Optimum growth for Ruppia is in waters of

low salinity (<25 ppt; Phillips, 1980). The other seagrasses in the

control basin had relatively low biomass values, which fluctuated little

through the year. Slight decreases were noted in August (Figure E-4).

Seagrasses in the control basin composed 29 percent of the total

macrophyte biomass in June and less in other sampling periods. The major

contributors to plant biomass in the control basin were the macroalgae

(Table E-2). The stations that were dominated by seagrasses had about

one-half of the total annual biomass of the stations dominated by

macroalgae.

The steady decline of macrophyte biomass in the control basin after

June (Figure E-2) paralleled the seasonal decline of two major groups of

algae, Rhodophyta and Chlorophyta (Table E-3). Two genera of

Chlorophyta, Penicillus and Caulerpa, collected at Stations 9 and 11,

respectively, were no longer observed by November. Large accumulations

of drift algae, predominantly Rhodophyta, were sampled during April and

late November at stations farthest from shore. These algae growing

attached to hard substrates in other areas are broken off by winter

stonns and swept into these inshore basins. Van Tine (1977), in an

earlier study of this area, also found abundant unattached red algae in

the winter flora. It is apparently a seasonal phenomenon of many bays on

the west coast of Florida (Phillips,1960a).

E-5
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Seasonal fluctuation's in macrophyte composition, distribution and

biomass have al ready been noted. In general, tne Rhodophyta showed

biomass increases in the early spring and winter; the Phaeophyta reached

its maximum biomass in the winter; the Chlorophyta were persistent

throughout the year but had diminished by the winter. These are normal

seasonal fluctuations for algal divisions inhabiting semi-tropical or

warm-temperature regions such as Crystal River (Steidinger and Van

B reedveld,1971) .

Macrophyte Leaf Lengths

Periods of seagrass growth can be inferred from increases in mean

quarterly leaf lengths (Figure E-5). The late spring to early summer

increases in Halodule leaf lengths paralleled the increases in Halodule h
biomass in both basins. There was very little difference in Halodule

leaf lengths between basins during any quarter. Generally, leaf lengths

increased slightly for all seagrass species through June, and then

decreased during the remainder of the sunner to low levels in late

August. Ruppia usually regenerates in tha early spring and the other

seagrasses regrow leaves as wann weather advances (Phillips, 1960b).

Ford et al. (1974) working in the Anclote estuary similarly found leaf

growth for Syringodium filifonne and Thalassia testudinum to be greatest

in late spring and reduced in the summer months.

Between-basin Comparisons

Differences in macrophyte composition, distribution and biomass be-

tween basins can be explained as a result of differences both in sediment
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characteristics and in exposure to environmental stress. , The uncon-*

solidated mud or sand substrates in the discharge provide little hard

substrate for al gal attachment. Sedimentation is greater in the

discharge than in the control basin as a result of accumulated sediments

from adjacent saltmarsh tidal creeks disrupted by construction of the

dikes and canals of the plant and from the Withlacoochee River and Cross

Florida Barge Canal (van Tine, 1977). Additionally, temperatures were

significantly higher in the discharge than in the control basin during

most sampling periods of 1981 (Figure B-2). Macrophyte biomass values

would be expected to be higher in the control area because of reduced

sedimentation and temperatures that rarely departed from optimum levels

for plant growth.

O
The high temperatures and sedimentation rates that characterize the

discharge basin apparently inhibit all but the hardiest of seagrasses.

These conditions are probably responsible for the virtually monospecific

seagrass beds of Halodule wrightii presently found -there. Halodule

wrightii, a eurythennal, euryhaline species, is more tolerant of environ-

mental fluctuations and is frequently found where other seagrasses are

excluded (Phillips, 1960b; Thorhaug et al . , 1978). Nevertheless,'

Halodule experienced a heavy die back in the summer when temperatures in

excess of 35'C were recorded. Optimum temperatures for the growth of all

seagrass species in Florida is 20* to 30*C. In Tampa Bay, an upper mean

limit of 33*C for Halodule has been documented (Thorhaug et al.,1978).

O
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Substrates in the control basin ranged from mud to rock and shell

outcroppings. Macrophyte composition varied accordinsly, with hard

substrates supporting several algal species and unconsolidated sediments
,

supporting seagrasses. Sediment analysis for all stations revealed that

control Station 8 was not significantly different from stations in the

discharge basin (1. Sediments). The predominantly monospecific seagrass

composition at Station 8 was also most similar to that found in the

discharge.

|

Within-basin Comparisons

Within the discharge basin, there were significant differences in

Halodule biomass among stations. Duncan's multiple range tests (Table

! E-4) show that for the first two quarters, Stations 1 and 7 were signifi- h
cantly 'different from all the other discharge stations. After June,

macrophyte biomass declined at Stations 4, 5 and 6 and these stations

were no longer significantly different from Stations 1 and 7 for the rest

of the year. Durirg April and June, Station 3 was significantly dif-

ferent from all other stations, but it was not significantly different

from Station 2 in August and November. Stations 4 and 5 were not signi-

ficantly different from each other throueout the year.

Stations 2 and 3 were the only two discharge stations where Halodule

was collected in August and November. Seasonal fluctuation in seagrass

' biomass for these two stations were similar to those of the two control

stations, 8 and 10, where seagrasses were collected (Table E-2). The

annual mean biomass of Ha19du19 at Station 3, however, was almost twice
.

E-8
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(91.6 g dry weight /m2) that of Station 8 (45.6 9 dry weight /m2), the only

seagrass-dominated control station.
:

4

Stations 1 and 7 were devoid of all macrophytes throughout the year.

I T6ese stations were closest to the mouth of the discharge canal and,

therefore, .most directly impacted by the thennal effluent. The highest4

j temperatures of the year were recorded there and exceeded all other

discharge station bottom temperatures by 1* to 4*C. Because salinity

differences among stations were neglible, they were not considered a

variable to explain station differences.
I

'

. An inverse relationship appears to exist between annual mean biomass

O of Halodule and maximum observed discharge station temperatures (Figure

E-6). Maximum observed temperatures were selected because they may be
,

i more critical in defining lethal limits for macrophytes than mean tem-

peratures. Despite the fact that these temperatures are based on one,

measurement in time and do not represent thennal histories for each sta- -

tion, they do reflect relative differences.. Biomass decreased with

| 1nereasing maximum temperatures, which is primarily a function of
I

| distance from the plant discharge. Station 3 received the least thermal
l impact and had the highest annual biomass values. Stations 1 and 7 had

the highest maximum temperatures and no macrophytes. Seagrasses had<-

L
'

disappeared from all discharge stations, except 2 and 3, by August

(Figure E-3) as temperatures throughout the basin remained above 32*C.'

, .

O -
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As previously stated, station differences within the control basin ,

correlated strongly with substrate types. Station 8, whose muddy

substrate was most similar to those of the discharge stations, was domi-

nated by Ruppia maritima for April, June and August. This species was

most abundant in April, but it had largely been replaced by Halodule by

November. Both seagrasses and macroalgae were comon at Station 10,

which had both mud and hard substrates. The four seagrasses there had

very patchy distributions and it was difficult to detennine which was

dominant. Collectively, seagrasses predominated at Station 10 in April

and June, and the Rhodophyta predominated in August and November.

Sargassum was well established at Stations 9 and 11 year-round, growing

attached to hard substrate. Red algae was also abundant at these sta-

tions. The substrate at Station 12 was mostly rock and oyster shell h
outcroppings, supporting dense beds of Caulerpa intermixed with red

algae. With the onset of cold weather, this plant, known to have tropi-

cal affinities, died back and was not seen in November.

Overall, the control basin, with its wide range of habitats coupled

with fluctuating environmental conditions, was a heterogeneous area with

frequent shifts in macrophyte composition.

Operational Trends

During 1981, 23 genera of macroalgae were collected as cogared to

15 to 16 in the other operational years. This increase is probably
,

insignificant, however, because many of these genera were part of the

drift algae and may not be indigenous to the study area.
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O The predominant genera within each macroalgae division have remained

relatively unchanged through all operational years. Caulerpa and

Sargassum have consistently been the predomi nant genera within the

Chlorophyta and Phaeophyta, respectively. Gracilaria, Chondria and

Spyridia were usually the predominant Rhodophyta genera.

Within the control basin, macroalgae have predominated the flora in

all, years, including the preoperational period (Figure E-7). However,

seagrasses made a greater contribution to macrophyte biomass in 1981 in

the control basin after exhibiting a gradual decline from 1977 (Figure

E-7). They accounted for about 30 percent of the biomass in June. Three

seagrasses, Halophila engelmannii, Ruppia maritima and Syringodium fili-

forme, were collected in the control basin every operative year.

Halodule_ wrightii was collected in all but one year (1977) and Thalassia

testudinum was collected there only in 1978. Because of the patchy

distribution of most of the seagrasses in the control basin, it is not

unusual to collect a species on one occasion and not another.

!

A monoculture of Halodule wrightii has been characteristic of the

discharge basin throughout all operational years. The presence of

Thalassia testudinum at one discharge station in November is interesting,

because Thalassia usually declines in fall and early winter. It has not

been collected in the discharge during any other operativa years, but it

was found in small patches well away from plume boundaries in the

preoperational studies (van Tine,1977).
O
V
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When comparing quarterly operational biomass values (Figure E-8), it

appears that seagrasses in the discharge basin not only recovered

throughout the winter but were actually enhanced in 1978, 1979 and 1980.

In those three years, scagrass biomass peaked in September at much higher

levels than previously recorded. However, macroalgae in the control also

reached high abundances in September of 1978, 1979 and 1980, so that fall

increases may have only been a result of more favorable growing con-

ditions during those years.

Apparently, the thennal load imposed by the operation of Unit 3 does

not have any greater impact on the seagrasses in the winter than when

only Units 1 and 2 are operating. However, when Unit 3 is on-line

through the sumner months, as it was in 1977 and 1981, seagrass biomass h
is reduced below levels reported when only the two fossil fuel plants are

'

operating (Figure E-8). Throughout the sunmers of 1978, 1979 and 1980,

Unit 3 was not on-line.

Preoperational Compurisons
t

Differences between the two basins with respect to floral com-

position existed prior to operation of Unit 3 at Crystal River. The

discharge basin was already impacted by thennal effluents from two fossil

fuel units and by relatively high sedimentation rates. Infonnation about

the vegetation of the discharge basin prior to 1973 is lacking.

.

No major differences in dominant seagrass and macroalgae taxa for

the two basins were observed between preoperational and operational
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years. The obvious changes have been with regard to the gradual loss of

algae in the discharge area. In 1973, algae composed an average of 16

percent of the macrophyte biomass each quarter. By 1978, there was no

significant amount of algae collected at any time of the year. In the

intervening years, hard substrates that once supported algae may have

become covered by sediments. Alternatively, algal biomass may have

declined from the combined results of high temperatures and turbidities

or from other factors associated with plant effluents.

In 1981, seagrasses contributed about the same amount to macrophyte

biomass in the control as they did in 1973. Because of the wide

variation in macroalgae/seagrass ratios through the years, it is dif-

ficult to distinguish a trend. Quarterly seagrass biomasses were similar

in 1973 and in 1981. From these data, it appears that the additional

thennal discharge from a third unit has had little impact on seagrass
s

biomass in the discharge.

|

| SUMMARY

A comparisen of macrophyte biomass, composition and distribution

between the control and the discharge basins is complicated by physical

and biological differences between basins. However, these differences

are apparently not a result of the operation of Unit 3 because they

existed prior to the time Unit 3 went on-line. It does appear that the

construction and operation of the two fossil fuel units may have contrib-

uted to changes within the discharge basin.

! E-13
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In the discharge basin, macrophytes consist almost exclusively of

Halodule wrightii. Vegetation in the control basin is predominantly

macroalgae mixed with several species of seagrasses. Diversity and

biomass were greater in the control basin than in the discharge basin

during all sampling periods of 1981.

I
!

l Ouring the sunmer, macrophytes generally declined in both basins,

but they were more depressed in the discharge basin where several sta-

tions experienced an almost complete exclusion of Halodule. Effects of

plume waters on the flora of discharge stations diminished with distance

from the point of discharge. No vegetation was found at the two stations
| closest to the point of discharge.

O
Since Unit 3 became operational in 1977, macroalgae has essentially

disappeared from the discharge basin. The annual mean biomass of

| seagrasses in the discharge was also less in 1981 than in the three pre-
1

vious years when Unit 3 was off-line in the sunmer. However, theI

seagrass biomass values for 1981 were not noticeably different from those

of 1977 when Unit 3 was operating in the sunmer or in 1973, when only the

two coal-fired units were on-line. Observed increases in macrophyte

biomass in both basins during 1978,1979 and 1980, make it difficult to

determine if thermal loading by Unit 3 has added to the impact of the

other two units.

.

~

I

O
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TADLE E-1
(continued)

TAXONOMIC LIST APO FREQUEPCY OF CCCURREPCE. FOR BENTHIC MACROPtWTES
CRYSTAL RIVER PROJECT

1981

Frequency of
Station occurrence by basin

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 Discharge Control

Phaeophyta

Giffordla spp. 25 0 5
Sargassum spp. 8.3 100 25 83.3 0 43.3
Sphacelarla spp. 8.3 0 1.7

Phaeophyta taxa 0 0 0 0 0 0 0 1 2 1 2 0 0 3

TOTAL TAXON O 1 3 1 1 3 0 10 19 16 18 9 5 23

?
$ a

Percentage of replicates taken during 1981 (for each station, n=l2; for discharge basin, n=84; for control
basin, n=60) In which each taxon was contained.

O O O
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TABLE E-2

BIOMASS (gram dry weight /m ) 0F SEAGRASS AND MACR 0 ALGAE BY QUARTER
AT DISCHARGE AND CONTROL STATIONS

CRYSTAL RIVER PROJECT
1981

.

14 April 20 June 31 August 30 November

Station Seagrass Macroalgae Seagrass Macroalgae Seagrass Macroalgae Seagrass Macroalgae

Discharge stations

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T 2 52.4 0.0 53.2 0.0 19.6 0.0 14.3 0.0
0 3 118.1 0.0 174.9 0.0 32.8 0.0 40.4 0.3

4 49.1 0.0 44.0 0.0 0.8 0.0 0.0 0.0
5 38.1 0.0 60.0 0.0 0.0 0.0 0.0 0.0
6 25.6 1.1 31.1 0.0 0.0 0.0 0.0 0.2
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mean 40.5 0.2 51.9 0.0 7.6 0.0 7.8 0.1

Control stations

8 42.8 1.1 80.7 0.3 44.5 3.8 14.5 2.4
9 0.0 81.6 0.9 108.7 0.0 113.1 0.0 74.6

10 42.5 6.4 53.2 1.3 20.1 46.8 19.8 30.6
11 0.0 2?4.1 0.0 44.3 0.0 23.3 0.0 167.5

.

12 0.0 233.9 0.0 176.9 0.0 89.6 0.0 0.0

Hean 17.1 107.4 27.0 66.3 12.9 55.3 6.9 55.0

.



TABLE E-3 g
BIOMASS (gram dry weight /m2) 0F MACR 0 ALGAE BY DIVISION

CONTROL STATIONS 8 THROUGH 12
CRYSTAL RIVER PROJECT

l 1981
,

1

Station
Month 8 9 10 11 12 Mean

RH000PHYTA

April 0.3 5.9 4.9 196.4 20.7 45.6
June 0.4 58.5 1.2 39.6 7.3 21.4
August 0.1 27.5 44.9 21.9 2.0 19.3
November 0.5 14.6 29.2 76.5 0.0 24.2
Mean 0.3 26.6 20.1 83.6 7.5 27.6

|

CHLOR 0PHYTA

April 0.8 58.9 0.3 0.1 213.2 54.7
June 0.0 1.1 0.1 1.3 169.6 34.4
August 3.7 12.9 1.9 0.0 87.6 21.2 gNovember 1.8 0.0 0.1 0.0 0.0 0.4
Mean 1.6 18.2 0.6 0.4 117.6 27.7

PHAEOPHYTA

April 0.0 16.8 1.2 17.6 0.0 7.1
June 0.1 49.1 0.0 3.3 0.0 10.5
August 0.0 72.7 0.0 1.5 0.0 14.8
November 0.0 60.0 1.4 90.9 0.0 30.5
Mean <0.1 49.7 0.7 28.3 0.0 15.7

|

|
|

I

I

|
| I

1

e|
i
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TABLE E-4

O COMPARISON OF HALODULE BIOMASS AT DISCHARGE STATIONS:

'
CRYSTAL RIVER PROJECT

1981
,

ANALYSIS OF VARIANCE: 14 APRIL

Source DF Sum of Squares Mean squares Fj

Model 6 31.84733554 5.30788926 135.92*
,

,

Error 14 0.54672999 0.03905214
,

Corrected total 20 32.39406553

*Significant at P10.05.

I DUNCAN'S MULTIPLE RANGE TEST

Grouping Mean N Station

A 28.9174 3 3
1

!
B 12.5390 3 2

'

B 12.2484 3 4

B 9.4373 3 5

C 6.2831 3 6

; D 0.0000 3 1

D 0.0000 3 7

*Significant at P<0.05.

|

:

i
-

-

O
E-29
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TABLE E-4
(continued) h

COMPARISON OF HALODULE BIOMASS AT DISCHARGE STATIONS
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE: 22 JUNE

Source DF Sum of Squares Mean squares F

Model 6 36.85477884 6.14246314 82.11*

Error 14 1.04724766 0.07480340

Corrected total 20 37.90202649

*Significant at P(0.05.

DUNCAN'S MULTIPLE RANGE TEST

Grouping Mean N Station

A 42.5947 3 3

B 14.7057 3 5 g
B C 12.8969 3 2

B C 9.9377 3 4

C 7.6564 3 6

0 0.0000 3 1

0 0.0000 3 7

*Significant at P<0.05.

O
E-30
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TABLE E-4

O (continued)
.

COMPARISON OF HALODULE BIOMASS AT DISCHARGE STATIONS
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE: 31 AUGUST

Source DF Sum of Squares Mean squares F

Model 6 14.31816040 2.38636007 14.92*

Error 14 2.23873391 0.15990957.

Corrected total 20 16.55689431
,

*Significant at P10.05.

DUNCAN'S MULTIPLE RANGE TEST

G'rouping Mean N Station

A 6.3295 3 3

A 4.5193 3 2

B 0.1888 3 4

8 0.0000 3 1

'
B 0.0000 3 5

i

B 0.0000 3 6

B 0.0000 3 7

..
*Significant at P<0.05.

.

O
E-31

.

- - , , - - - -g., , y -- r,,,,-- , - -- - , , - - - - - .



hTABLE E-4
(continued)

COMPARISON OF HALODULE BIOMASS AT DISCHARGE STATIONS
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE: 30 NOVEMBER

Source CF Sum of Squares Mean squares F

Model 6 6.61619186 1.10269864 12.57*

Error 14 1.22826624 0.08773330

Corrected total 20 7.84445810

*Significent at P10.05.

DUNCAN'S MULTIPLE RANGE TEST

Grouping Mean N Station

A 2.9047 3 ?.

A 2.0161 3 3

B 0.0000 3 1

B 0.0000 3 4

B 0.0000 3 5

B 0.0000 3 6

'

B 0.0000 3 7

|

*Significant at P<0.05.
_

|

| Q
|
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INTRODUCTION

The ecological importance of benthic macrophytes and their use-

fulness as an indicator of environmental perturbation was discussed in

Section E. Macrophyte Biomass. The purpose of the macrophyte monitoring

program was to provide a qualitative survey of macrophyte distribution in

the coastal waters near the Crystal River Power Plant. Because this sur-

vey covered both the inner and outer portions of the discharge and

control areas, it augmented data generated by the macrophyte biomass

study.

MATERIALS AND METHODSO:

The distribution, coverage and general condition of macrophytes near

the Crystal River Power Plant were monitored quarterly. Within the

nearshore discharge and control basins, macrophytes were surveyed at

0.1-km intervals along five preestablished transects (inside transects)

adjacent to benthic core stations (Figure F-1). In the outer discharge

and control basins, macrophytes were monitored at approximately 0.5-km
,

intervals ,along 23 preestablished transects (outside transects).

Divers randomly dropped weighted 1-m2 frames to the bottom and,

within each quadrat, estimated the percentage cover and general condition

of each seagrass species and noted the relative abundance of conspicuous

macroalgae genera. The presence or absence of epiphytes was also
O recorded. Five replicate quadrats were analyzed at each transect sta-

'

tion.

F-1

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



From the field data, mean percent coverage of seagrasses along

discharge and control transects were calculated for each quarter.

Distribution and coverage maps of total seagrasses (inside and outside

transects) and of individual species (inside transects) were prepared and

compared to postoperational data. Frequencies of occurrence based on the

percentage of stations at which each division of macroalgae occurred were

also detennined for both basins.

RESULTS AND DISCUSSION

Total Seagrass Coverage

Inside Transects

Total seagrass coverage in the discharge basin was much greater

along Transects 1 and 2 than along Transect 3 throughout the year
O(Figures F-2 through F-5). More than half the stations along Transect 3

had little or no seagrass cover, probably resulting from the proximity of

this transect to the discharge canal. Seagrass distribution was most

extensive in June and September when Transects 1 and 2 had greater than

50 percent coverage for most of their lengths (Figures F-3 and F-4).

Control basin Transects 26 and 27 also exhibited high percentages of

seagrass coverage throughout the year, but the pattern of distribution

was more varied and patchy along these radials than along transects in

the discharge basin. Total seagrass coverage reached 100 percent in

September at stations closest to shore, but it was generally less than 75

percent during the remaining seasons (Figures F-2 through F-5).

O

F-2
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h Outside Transects

Outside discharge transects consisted of patchy and sparse distribu-

tions of seagrasses throughout the year. Transects 5, 14, 15 and 20 were

completely devoid of seagrasses during every sampling quarter, and an

additional four transects (4, 6,10 and 11) were devoid of seagrasses in

December (Figures F-2 through F-5). Seagrass coverage was patchy but

greatest (up to 100 percent cover) along Transects 6, 7, 9, 16, 17 and 18

during September (Figure F-4) and least during the winter (Figure F-5).

In general, it appears that total seagrass coverage was greatest near

oyster reefs and in the shallow water stations near shore. Water clarity

throughout much of the discharge area was usually very poor, visibility

sometimes being limited to less than 0.3 m. Thus, in deeper areas, light

g penetration may have been inadequate to promote substantial seagrass

growth.

Total seagrass coverage along the six outside control transects was

patchy and sparse in April and December 1981, but it was more continuous

in June (26-75 percent) and September (up to 100 percent, Figures F-2

throughF-5).

Seagrass Species Composition

Inside Transects

All five species of seagrasses that occur in the Crystal River area

were observed along the control basin transects during one or more

sampling quarters. Halophila engelmannii and Thalassia testudinum

O occurred rarely and were not mapped.

,

F-3
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Halodule was patchy and sparsely distributed along control transects h
during April and June (Figures F-6 and F-7). This species was not

observed during macrophyte monitoring in the control area after June.

Halodule was dense and widely distributed along discharge transects

during every sampHng quarter (Figures F-8 through F-11). The difference

in coverage between basir.s' is most likely due to the greater availability

in the discharge basin of soft substrates, which are necessary to support
''

Halodule root systems.

l

Halodule was the only seagrass species observed in the discharge
,

|,

basin during monitoring for the entire year. Its persistence in the

discharge basin is probably related to the general hardiness and high

thermal tolerance of the species {Thorhaug et al . , 1978). Coverage g
generally ranged from 26 to 100 percent from Aprii to December 1981 along

| Transects 1 and 2, but it was patchy along Transect 2 during December.

Halodule was absent from the middle stations of Transect 3 between spring
1

and fall and completely absent along the entire transect in winter. This

variability in distribution is probably due to the transect's proximity

to the discharge canal and to the duration of taxposure to high tem-

|

| peratures.

|
|
|

| Syringodium filifonne was more widely distributed than Halodule

along control transects in all sampling quarters except April, when

l
1 Syringodium was completely absent from the control basin (Figures F-12

through F-14). Coverage generally ranged from 26 to 50 percent in June
Oand September but reached 75 percent at some nearshtre stations in

.
.

December.

F-4
5

,
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Ruppia maritima was the only other seagrass species that showed a
'

persistent, though patchy, distribution along control transects during

the year. ' Except for the cinter quarter, Ruppia coverage was generally

more continuous nearshore than at stations farther out, ranging from 26

to 75 percent (Figores F-15 to F-17). . Like Halodule, this species was

completely absent along control transects in winter, whereas Syringodium

was widely distributed along both control transects during that period.

Ru2 pia _ was completely absent from the discharge basin throughout the
' '

year. This may be a result of Ruppia's known preference for lower salin-

ities (Phillips,1978) and its possible low tolerance to thennal stress.

5.
'

,

] Outside Transects

Halodule and Syringodium were the most widely distributed seagrasses-

along outside control transects throughout the sampling year. Mean per-'

'

cent coverage of both species was sparse (1 to 25 percent) in spring, but

|
Syringodium coverage increased to greater than 50 percent in sunner and

fall. Halnphila appeared to be widely distributed during the fall but

was only occasionally observed during the other seasons.

l
Outside discharge Transects 6, 7, 9, 16, 17 and 18 consistently

|
exhibited patchy but often dense seagrass coverage. All five species of

,

seagrasses were observed at outer discharge transects during some portion

|of< the year. However, with the exception of Syringodium, coverage was

generally sparse (1 to 25 percent). Syringodium occurred with greater

than 50 percent coverage more frequently than did the other species. It

was the most prevalent seagrass found along outside transects in both

control and discharge outside basins.

F-5
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Frequency of Occurrence of Macroalgae g
Macroal gae of three phyla, Rhodophyta (red al gae) , Chlorcphyta

(green algae) and Phaeophyta (brown algae), were distributed with widely

varying frequencies along the inner control transects. Red algae

occurred at more than 60 percent of the sampling stations year-round

(Figure F-18). Green algae occurred at more than 80 percent of the sta-

tions during spring, summer and fall, but dropped to 24 percent in

winter. Brown algae was the least commonly found algal group and

occurred at less than 40 percent of the stations during every season but

fall, when it was found at 62 percent of the control basin stations.

The inner discharge basin supported only red algae species. They

occurred at less than 25 percent of the sampling stations and only during

April and December (Figure F-18). Macroalgae did not occur in the

discharge basin in June or September. This suggests that thennal
j

effluents affect the distribution and frequency of occurrence of

macroalgae near the Crystal River Power Plant during the warmer months of

the year. Other factors peculiar to discharge basin waters, such as high

sedimentation rates and turbidities,'probably affect algae occurrence as

well. Additionally, distribution ard extent of available substrate types

also influences the distributional frequency of macroalgae. More hard
;

1

substrate and oyster reefs were observed in the control basin than in the

discharge, making the fonner a more suitable habitat for algae than the

latter.

|

O
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Outside Transects

Three species of seagrasses were observed along the outside control

transects during 1981: Halodule wrightii, Syringodium filifonne and

Halophila engelmannii. In 1980, these three species plus Ruppia maritima

were observed in that area. Syringodium continued to be the most preva-

lent seagrass. Overal l distribution and percent coverage of all

seagrasses in the outside control basin were different from that of 1980.

In 1980, seagrasses were most widely distributed and dense in March and

December and least abundant in Septenber (FPC,1981). However, in 1981,

the reverse was true, seagrasses being most widely distributed and dense

in September.

; O
During 1981, data did not indicate any adverse effects of thennal

:

; effluents on seagrasses occurring in the outer discharge basins. All

five species of seagrasses were found along the outside discharge tran-
'

sects during the summer and fall of 1981 and three of these, Halodule.

Syringodium and Halophila, occurred throughout the entire year. During

1979 and 1980, these three species were also observed along the outside

discharge transects. Since 1979, Syringodium has been the most prevalent

species. Total seagrass coverage and distribution along outside

discharge transects were greatest in September of 1981 and most sparse in

December. During 1980, seagrass coverage along these transects was

heaviest in winter and distribution most widespread in April.

O
_
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hInside Transects

During 1980, four species of seagrasses were found along inside

control transects: Rupia maritima, Halophila engelmannii, Halodule

wrightii and Syringodium filiforme. In 1981, each of these species plus

Thalassia testudinum were observed. Seagrasses have been reported

throughout the control basin since 1977, and percent coverage has been

sparse to moderate through 1981. Syringodium filifortne continued to pre-

dominate in the control basin as it has since 1979. Ruppia maritima also

became an important component of the control basin seagrass system in

1981.

As in previous years, Halodule was the only species observed during

macrophyte monitoring in the discharge basin in 1981. Halophila was the g
only other species of seagrass ever reported in the discharge basin, and

it occurred only in June 1980 (FPC,1981). Since 1977, Halodule con-

tinued to follow the trend of dense coverage and wide distribution

throughout most of the inner discharge basin. Coverage of Halodule has

consistently been lowest along the transect closest to the discharge

canal.

SUMMARY

Distribution, coverage and general condition of aquatic macrophytes

near the Crystal River Power Plant were monitored quarterly during 1981.

Total seagrass distribution in the inner control basin was patchy but

coverage was dense throughout the sampling year. Syringodium filiforme

was the domi nant seagrass occurring there, thus continuing a trend

F-8



observed since monitoring began in 1977. Ruppia maritima was the only

other species that persisted in the inner control basin although distri-

bution was patchy.

In the inner discharge basin, seagrasses were more widely distri-

buted, and coverage was generally dense. However, Halodule wrightii was

the only species observed there throughout 1981 monitoring. Coverage of

this species was considerably reduced along more than half the stations

closest to the discharge canal. This pattern has been evident since

1977. Seagrasses along outside discharge transects were most widely'

distributed and dense near oyster reefs and in other shallow water areas

near the shore.

Numerous species of red, green and brown algae were frequently

observed in the inner control basin throughout the sampling year. Only
'

red algae was found in the inner discharge basin.

The monospecific stands of Halodule, a relatively heat tolerant spe-

cies, in the discharge basin suggest that power plant effluents may be

inhibitive to other local seagrasses. Within the basin, greatest plume

| effects occur in those areas immediately adjacent to the discharge canal

that runs along the southern boundary of the basin. Elsewhere, Halodule
' distribution is widespread even though coverage appears to be reduced

during the wanner periods of the year. Due to considerable differences
,

|

| in salinities, turbidities and substrates between basins, it is difficult

'

to detenni ne if other observed patterns of macrophyte coverage and
|

F-9
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distribution are related to power plant operation. The lack of suitable h
substrate, for example, might account for the paucity of macroalgae in

the discharge basin.

Comparison of 1981 and other operational data indicate that Unit 3

has not impacted the seagrass community of the discharge basin any more

severely than the combined operation of Units 1 and 2. The greatest

impact of all three units appears to be confined to the innennost basin

of the discharge area. In the outer basins, all seagrasses and numerous

alga species have been observed and their distributions appear to be

regulated more by water depth and substrate type than by temperatures.

O

.

O-
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Figure F-17. Distribution of Ruppia maritima along inside transects of the
control basin, Crystal River Project, September 1981.
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R = Red algae (Rhodophyta)
G = Green algae (Chloroonyta)
8 = 8rown algae (Phaeophyta)
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G. 0YSTER REEFS
.

INTRODUCTION

Oyster reefs, composed primarily of Crassostrea virginica, extend

for many miles parallel to shore in the shallow waters of the eastern

Gulf of Mexico and are a prominent feature of the marine environment at

the Crystal River study site. In the past, this area supported a large

commercial oyster fishery (Dawson, 1955). Although the commercial

fishery has since declined, most of the beds remain open to public har-

vesting (Florida Department of Natural Resources, personal

consnunication) .

O In addition to their commercial importance, oyster reefs provide

food, protection and living space for a variety of associated organisms

(Wells, 1961; Galtsoff, 1964). Certain crabs, starfish and gastropod

molluscs prey upon the oysters while inhabiting the reef. Many sessile
|

-

organisms, such as barnacles, limpets and tube dwelling worms findi

attachment sites on the hard shells of the oysters while other, more

active fanns shelter among them.

A number of factors are known to influence the distribution and con-

dition of living oysters and the associated reef fauna. Of these, tem-

perature, salinity, water circulation and sedimentation are among the

more important. Although moderately elevated temperatures can result in

increased oyster size by artificially extending the length of the growing
,

season, very high (above 32*C) or very low (below 15'C) temperatures are

G-1
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hdetrimental (Menzel,1956; Galtsoff,1964; Tinsman and Maurer,1974). In

addition, rapid transition from low to high temperatures can result in

increased mortality, even if the temperatures involved are well below the

normal thennal death point (Tinsman and Maurer,1974).

Salinity not only affects the oysters directly, but also indirectly

through its effects on potential predators and competitors. In general,

fewer associated species occur on reefs in low salinity areas, and many

of the more important oyster predators are unable to survive there

(Wells,1961; Galtsoff,1964, Menzel et al . ,1966).

A steady, non-turbulent flow of water is required to provide food,

remove wastes and enable new individuals to be recruited into the com- g
munity. A low sedimentation rate is also essential for oyster survival,

as suspended sediments may interfere with the animal's feeding mecha-

nisms.
.

Although each of these factors is important individually, the ulti-

mate survival of the reefs in a particular area is determined by their
,

combined effects. The prominence of oyster reefs throughout the Crystal

River study area, the sessile nature of the adult oysters, and the volume

of information available on the biology of these commercially important

organisms suggest that the oyster reef habitat may be a useful indicator

of envi ronmental changes occurring as a result of plant operation. -

During 1981, reefs subjected to the discharge plume of the power plant
O

were compared with reefs spatially removed from potential plume effects

G-2
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to detennine if measured community parameters differed between the two
''areas. <

t;

n

MATERIALS AND METHODS {
Oyster reef communities at the Crystal River study site-were sampled

quarterly at six stations in the discharge basin and three stations in

the control basin (Figure G-1). These stations were established in pre-

vious studies and were retained in 1981 to maintain continuity and facil-

itate data comparisons. At each station, a sampling site was randomly

selected and, during low tide, two replicates were obtained. One of the

replicates was taken at the water's edge and the other approximate 19 2 m

toward the center of the reef. Sampl e< collected by Nacikg a
3

, -
,

', 0.25-m2 aluminum frame on the reef and removing, by hand, all material

contained within it to a depth of approximately 10 cm. Each sample was
'

,
then preserved in 10-percent buffered seawater-fonnalin containing Eosin'

B and Biebrich Scarlet stains and transported to the laboratory for

sorting.

In the laboratory, clumps of oysters were randomly removed from the
'

sample bucket and washed over a 2.0-mm sieve screen to remove fine sedi-,

ments and unattached associated fauna. Shell lengths of the first 50
:

,

adult Crassostrea virginica (shell lengths greater than 2 cm) encountered

were measured to the nearest millimeter, and the meat from these and all

remaining adults were removed and stored. Crassostrea spat (shell

lengths less than 2 cm) were removed from the shell material, and the

O right valve and attached meat retained. As the oyster clumps were pro-
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cessed, a running tally of the number of living adults and spat was main-
.

tained.

Fauna found attached to the oyster shell material were removed and,

with the unattached organisms retained on the sieve screen, separated by

major group (Annelida, Mollusca, Arthropoda and other). Horse oysters

(Ostreola equestris) were removed in the same manner as Crassostrea spat

and placed with the Mollusca component. Subsequently, all associated

fauna were identified to the lowest practicable taxonomic level.

Bicmass detenninations were made for adult Crassostrea, Crassostrea

spat, and for the various groups of associated fauna (by class for

Mollusca and Chordata, by phylum for other groups). Meat from the adult $
oysters was dried for 48 hous at 90*C and weighed to the nearest 0.1 g,

and the spat and other organisms were dried for 24 hours at 70*C and

weighed to the nearest 0.001 g.
.

RESULTS AND DISCUSSION

During 1981, the mean abundance and biomass of adult Crassostrea

were consistently lower in the discharge than in the control basin

(Figure G-2). Differences in abundance were significant (P10.05) every

sampling period but April, and differences in biomass were significant

during all four periods. In the control basin, the pattern of seasonal

variation for both mean abundance and biomass appears to be positively

related to temperature, with values peaking in June and declining in

September and December (Figure B-2). This is not consistent with the

G-4
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pattern of lower sunner values for abundance and biomass recorded in 1980
'

(FPC,1981). It is also contrary to the general trend of increased mor-

tality at higher temperatures noted in the literature (Dawson, 1955;

Tinsman and Maurer,1974). However, the temperatures occurring in the

control basin were well below the critical level for the species and the

influence of other factors may be more important.

Seasonal abundance and biomass in the discharge basin remained rela-

tively constant, with lowest levels observed in September (Figure G-2).

Low densities in September probably resulted from the persistence of high

temperatures (above 32*C) throughout the sunner. The slight increase in

mean abundance and biomass between September and December corresponds

Q with a decrease in mean temperature during that period (Figure B-2).

Witnin the discharge basin, there was a general trend of increasing

abundance and biomass from a low at Station 106 located at the point of

discharge to a high at Station 101, the station farthest from the

mainland (Table G-1). This trend was especially noticeable during June

and September, when few or no adult oysters were found at Stations 105

and 106. Although water temperatures decreased in December, there was

only a very slight increase in the nunters of adult oysters found at

these innermost stations during that period. This is to be expected due

to the time lag between the increased reen11tment of spat during cooler

months (Table G-2) and their attainment of adult size. Values for both

abundance and biomass at Station 101 were consistently within the

observed range for these parameters in the control basin. Thus, it

G-5
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appears that the worst effects of the heated effluent are restricted to

the area in the immediate vicinity of the point of discharge, with con-

ditions rapidly approaching those of the control area as distance from

shore increases.

The ratio of mean biomass to mean shell length has been used as an

indicator of oyster condition, although there are some limitations to its

use. One of the major drawbacks is a lack of knowledge of how the

age / size class of the oysters affects the ratio. It is quite possible

that the ratio changes as an oyster grows, thereby reducing its use-

fulness as an indicator of stress unless oysters of the same age / size

class are compared. Additional factors, unrelated to plant operation,

may also influence the ratios obtained. g
|
\

| Mean biomass to mean shell length ratios were higher in the control

basin during all quarters of 1981 (Figure G-3), but the pattern of sea-

sonal variation in the two basins was very different. In the control

basin, ratios were lowest during the suntner, indicating a decrease in

average oyster biomass. This might reflect physiological responses to

increased temperatures. However, the average biomass of oysters in the

discharge basin appeared to increase steadily throughout the yt.ir

showing no negative response to increasing temperatures.

| Spat

As was the case for adult oysters, mean abundance and biomass of

spat were consistently higher in the control basin than in the discharge

l G-6
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O basin (Fieure G-4). These differences were sienific at eerine evers

sampling period but December. The seasonal pattern of maximum spat abun-

dance and biomass in winter and minimum abundance and biomass in sunner

reported previously (FPC,1981) did not occur in 1981. On the contrary,

these parameters in the control basin were highest in June and lowest in

December. Data for 1981 agree more closely with data reported by Dawson

(1955). He indicated that a substantial spat settlement in the Crystal

River area occurred during June and July. In addition, Hayes and Menzel

(1981) observed that spawning of Crassostrea in the northern Gulf of

Mexico nonnally does not occur at temperatures below 25'C. Temperatures

in the control basin had just reached this level during the April

sampling period (Figure B-2).

O
Mean spat abundance and biomass in the discharge basin remained

relatively constant during the first three quarters of 1981, but

increased sharply between September and December as mean water tem-

peratures decreased.

The same general trend of increasing abundance and biomass with

increasing distance from the point of discharge observed for adult

oysters was also exhibited by the spat, although with somewhat le:s con-

sistency (Table G-2). No spat were found at the mouth of the discharge

canal (Station 106) during June or September; however, both abundance and

biomass increased in December when water temperatures were cooler.

Values for abundance and biomass at the outennost station (Station 101)
O were generally within the range observed for these parameters in the

G-7
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control basin, showing a minimal adverse effect of power 7 ant effluent1

at this distance from the point of discharge.

| Associated Fauna

| In 1981, the fauna associated with oyster reefs was examined in

| detail for the first time. A total of 101 macroinvertebrate taxa were

collected at stations within both discharge and control basins (Table
i

G-3).

Mean abundance and biomass of annelids in the control basin were

lower than in the discharge basin in April but higher in June, September

and December (Figure G-5). However, none of the biomass differences were

significant, and differences in abundance were significant only during h
September and December. In general, the pattern in the control basin was

one of rising mean abundance and biomass from April through September.

The number of annelid taxa (Table G-4) remained essentially the same
1

during this period, however, indicating that the increase in abundance

| was primarily due to increasing numbers within species already present
1

I rather than a sudden influx of new species. Falling water temperatures

in December were accompanied by a decrease in abundance and an increase

in the number of taxa. This might have been due to the recruitment of

species less able to tolerate the wann water encountered during the

j sunner, but more competitive than pennsnent residents at lower tem-

peratures.
1

1 0
!

I
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In the discharge basin,-the number of annelid taxa declined substan-
'

tially between April and September, probably as a result of increased

water temperatures. The trend of increased abundance between April and

June was reversed in September as mean water temperatures remained high.

Cooler temperatures in December led to increased mean abundance and

number of taxa. The steadily declining mean biomass values occurring

during periods of increasing abundance were probably the result of an

increased number of small individuals within the conmunity.

A comparison of annual mean annelid abundance and biomass for each

discharge station shows no trend of increasing values with increasing

distance from the point of discharge as was the case for oysters (Table

O G-5). The total number of taxa found was actually highest at the two

stations nearest the canal (105 and 106) although the number found there

during the sumer months was substantially less than during the winter

(Table G-4). This suggests that within the study area annelids may be

most tolerant of high temperatures.

|
.

Mean molluse abundance and biomass in the control basin were signif-

icantly higher than in the discharge basin during every quarter of 1981

(FigureG-6). Highest control basin values for mean abundance and number

of taxa were found in December (Table G-4) and corresponded to low mean
,

|

| water temperatures. Biomass may also have been highest at this time if
1

the presence of several especially large gastropods in June is

discounted.

| G-9
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" In the discharge basin, both mean abundance and biomass of molluscs h
remained relatively constant and very low throughout the year. The

number of taxa present also remained low (Table G-4). This suggests that

the recovery period for molluscs is longer than that necessary for other

groups that are able to exploit improved temperature conditions more

quickly.

As was the case for oysters, other molluscs exhibited lower mean

abundance and biomass at stations near the point of discharge (Table

G-5). This was particularly noticeable during June, September and

December, when no molluscs other than oysters were found at Station 106

(Table G-4). This indicates that oysters are better able to tolerate the

geffects of heated water than are many other molluscs. This is not unex-

pected because of the oyster's ability to withstand extremes of tem-

| perature caused by exposure at low tide.
!

Mean arthropod abundance was consistently higher in the control than

in the discharge basin (Figure G-7). However, differences between basins

were not significant during any sampling period during 1981. The pattern

of seasonal variation for mean abundance was similar in the two basins,
,

|

but the reasons for the variation were somewhat different. In June,

abundance in the control basin was influenced by an increased number of

taxa (Table G-4) but, in the discharge basin, abundance appears to have

been caused by increased numbers of individuals amo.ng species already

present. The number of taxa and mean abundance decreased in both basins
O

in September as exposure to higher sunmertime temperatures continued, and

|
increased again in December as temperatures declined.

( G-10
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Biomass values obtained for arthropod samples varied greatly because
,

'

of the wide range of sizes among component species inhabiting the oyster

reefs (FigureG-7). No significant differences were found between basins

during any sampling period.

The same general trend of increasing mean annual abundance and

biomass with increasing distance from the mouth of the discharge canal

noted for other groups also occurred in arthropods (Table G-5). However,
3

values obtained for all stations except Station 106 fell within the range

observed in the control basin. In addition, although number of taxa at

the innennost stations decreased during the sunner months, there were

always some arthropods present at these stations, and mean annual abun-

dance there was higher than for any other group. The highly motile

nature of many arthropods is at least partially responsible for their

apparent ability to withstand high temperatures, enabling them to move to

slightiy cooler areas to escape temporary increases in emperature. For

example, the most dominant organism in the discharge basin was the highly

motile xanthid crab Eurypanopeus depressus, and the most dominant control

organism was the sessile bivalve Brachidontes spp. (Table G-6).

|

Mean biomass and abundance for the associated fauna as a whole were

consistently higher in the con hol than in the discharge basin,

reflecting the trend established for each of the major faunal components

(Figure G-8)# These differences were significant during every sampling

| period but April. Mean abundance in the control basin increased in June,

; partially because of an increase in the number of taxa. It remained at

G-11
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the same level through September, even -though there were fewer species
,

'

present in the connunity during that period (Table G-4). Both number of

taxa and mean abundance increased again in December as temperatures

decreased and less heat tolerant species began to return. The same

general pattern was found in the discharge basin, although the extreme

temperatures encountered during the sumner apparently resulted in a

decrease in abundance as well as number of taxa during that time.

A clear trend of increasing mean abundance and biomass from Station

106 to Station 101 was observed in the data for total associated fauna

(Table G-5). Values at Station 101 fell within the ranges recorded in

the control basin. The effects of high temperatures were most noticeable

at Stations 105 and 106 where the lowest number of taxa was observed h
during the summer months (Table G-4). Data collected during 1981 showed

that the impact of power plant effluents upon the associated fauna

decreased with increasing distance from the point of discharge.
.

Associated faunal abundance was positively correlated with oyster

| abundance in both the control and discharge basins during 1981

(correlation coefficient =0.74 for the control basin and 0.65 for the
discharge basin, both significant at P<0.05). However, it is impossible

to detennine from the data obtained in this study whether this is a

cause-and-effect relationship or whether both groups of organisms are

simply responding-in a similar fashion to changes in environmental con-

gditions.
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Many, taxa of invertebrates collected at oyster reef stations

occurred as dominants in both the control' and discharge basins during

1981 (Table G-6). Of the ten dominant species for each basin, six

occurred in both basins.

In the discharge basin, both Balanus eburneus and Uca spp. occurred

as dominants, whereas neither taxa was noted as a dominant in the control

basin. B_. eburneus is a barnacle, an intertidal species capable of

withstanding extreme fluctuations in environmental conditions. Crabs of

the genus Uca are semiterrestrial and as such are also highly tolerant of

envi ronmental variations. Uca spp. was not collected in the control

basin and its presence as a dominant at Stations 105 and 106 in the

discharge was probably due to both the proximity of these reefs to shore

and their increased exposure at low tide.

In a number of cases, a species may have been among the dominants in

both basins, but within basin or between basin ranks differed. For

example, the xanthid crab Eurypanopeus depressus was ranked as one of the

top two domiinnts at every station in the discharge basin, but its rank

at control stations was considerably lower. This is probably a case

where a heat tolerant species increased in dominance under stressful con-

ditions as less tolurant species began to disappear. The reverse was

true for the bivalve Brachidontes spp., which was the most dominant taxon

at every control station, but ranked lower at stations in the discharge

basin. Several species in the discharge basin showed a tendency to

increase in dominance with increasing distance from the mouth of the

G-13



-discharge canal. Included among these were the crab Petrolisthes armatus g
and the amphipod Parahyale hawaiensis. This indicates that these species

are probably slightly less adaptable than those discharge dominants

mentioned previously and are less able to tolerate the extreme thennal

conditions found at Stations 105 and 106.

|

Operational Trends

The major operational trend noticeable for both adult oysters and

spat is the consistently lower level of mean abundance and mean biomass

in the discharge basin compared to the control basin (Table G-7; Figuras

G-9 and G-10) . Temperatures greater than 32*C are known to result in

reduced feeding activity of oysters (Galtsoff,1964), and temperatures of

35*C appear to be especially lethal to oysters in spawning condition

(Quick,1971). Tinsman and Maurer (1974) suggest that oysters experience

heat coma at temperatures in excess of 32*C. In contrast to t. control

basin, mean sunner temperatures in the discharge regularly exceeded this

32*C limit.

| Operation of Unit 3 during the summer of 1981 was almost continuous

for the first time since the unit went on-line in 1977. Although the

resulting increase in water temperature (B. Physical and Chemical

Parameters) might be expected to cause a further reduction in mean oyster

abundance and biomass, such did not appear to be the case. In fact,

values obtained for these parameters were slightly higher than those
,

recorded during the sumner c . ?0, when Unit 3 was not in operation much

of the time. This was true for both adult oysters and spat (Figures G-9

and G-10).

G-14
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Differences in sedimentation rate and water circulation in the

control and discharge basins may also affect the relative abundance and

biomass of oysters in these two areas. Galtsoff (1964) states that a low

sedimentation rate and good water circulation are both necessary for

optimum oyster survival. While these conditions appear to prevail in the

control basin, they do not in the discharge. The spoil islands of the

Cross Florida Barge Canal to the north, the discharge and intake dikes to

the south and the oyster ilefs themselves all act to reduce water cir-

culation and increase sedimentation within the discharge basin. It seems

likely that the cumulative effect of these conditions over a long period

of time would have a detrimental effect on the oyster population in this

area.

O
The trend of decreasing annual mean biomass-to-shell length ratio

noted in the past for both control and discharge basins continued during

1981 (Table G-7). However, the usefulness of this ratio as an indicator

of oyster condition is limited and emphasis should not be placed on

| results obtained by its use.

l

Comparisons With Preoperational Data

Preoperational studies conducted during 1973 showed no significant

differences in adult oyster abundance and biomass between the control and

discharge basins (FPC, 1974). Results of the 1981 survey, using many of

the same sampling locations, consistently showed significantly higher

values for both parameters in the control basin.

G-15
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During the 1973 study, no significant differences were found in spat $
biomass, however, abundance was shown to be significantly greater in the

control basin (FPC, 1974). In 1981, both abundance and biomass were

significantly greater in the control basin throughout most of the year,

Both abundance and biomass of associated fauna were found to be

significantly greater in the control basin in 1973 and, except for April,

such was also the case in 1981.

SUMMARY

Increased water temperatures resulting from 'the combined operation

of three electric generating units at the Crystal River Power Plant have

had a negative impact on adjacent oyster reef communities. However, the

additional thermal load imposed by Unit 3 appears to have had an adverse

effect primarily on the adult oyster component of the oyster reef com-

munities. Comparisons of 1981 and preoperational data indicate that the

operation of Unit 3 has not affected oyster spat or associated fauna any

more than the sole operation of Units 1 and 2. In addition, within basin

comparisons made during 1981 show that the most severe effects of the

plume are restricted to an area in the immediate vicinity of the point of

discharge and the condition of the reefs improves rapidly with increasing

distance from this area. Values for measured community parameters at the

reef farthest from the discharge canal were consistently within the

ranges determined for those parameters within the control basin.

O
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TABLE G-1
2 2

ABUNDAPCE (number /m ) AND BIOMASS (gram dry weight /m ) OF ADULT OYSTERS
(>2 cm) COLLECTED QUARTERLY AT EACH OYSTER REEF STATION

CRYSTAL RIVER PROJECT
1981

Station Basin
Discharge basin Control bacIn Discharne Control

Parameter Month 101 102 103 1 04 105 106 107 108 109 mean mean

April 7 84 120 1440 560 434 296 656 760 1852 606 856

June 982 728 588 606 52 0 904 2188 2168 493 1753

Abundance 2
(number /m ) September 760 168 498 6 94 0 0 706 1906 1566 353 1393

December 1268 652 648 250 0 10 622 1348 1308 471 1093c3

S$ Annual mean 949 417 7 94 528 122 77 722 1551 1549 481 1274

April 61.0 4.0 79.8 33.0 12.4 9.8 67.4 47.0 110.4 33.3 74.9

June 107.2 55.0 34.2 26.0 1.2 0.0 79.6 140.8 134.8 37.3 118.4
Blomass
(gram dry 2 September 54.8 16.2 32.7 29.4 0.0 0.0 57.4 117.2 119.8 22.2 98.1
weight /m )

December 95.0 51.2 43.4 22.0 0.0 1.0 57.8 114.4 127.2 35.4 99.8

Annual mean 79.5 31.6 47.5 27.6 3.4 2.7 65.6 1 04 .9 123.1 32.1 97.8
.
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TABLE G-2

ABUEAEE (number /m ) Am BIOMASS (gram dry walght/m ) 0F OYSTER SPAT
COLLECTED QUARTERLY AT EACH OYSTER REEF STATION

CRYSTAL RIVER PROJECT
1981

i
~

Station Basin
Discharge basin Control besIn Discharge Control

Par ameter Month 101 102 103 104 105 106 107 108 109 mean mean

April 944 106 1384 454 230 472 1032 1108 2284 598 1475

June 1264 742 542 686 18 0 800 2694 3152 542 2242
Abundance 2
(number /m ) September 788 650 684 440 0 0 736 2226 2318 427 1760

Decamber 2872 1304 1584 198 84 26 476 1784 1492 1011 1251

gn Annual mean 1467 701 1049 445 83 125 781 1953 2312 645 1682

April 97.1 11.6 170.3 56.8 39.5 69.0 134.6 152.3 284.5 74.0 190.5

June 194.6 105.0 94.8 91.8 3.5 0.0 126.2 215.4 612.0 81.6 317.9
Blomass

j (gram dry 2 September 70.0 76.8 57.5 55.3 0.0 0.0 99.7 194.4 278.8 43.3 191.1
weight /m )

{ December 293.2 142.2 172.8 24.9 1.2 2.6 70.2 224.0 187.1 106.2 160.4

Annual mean 163.7 83.9 123.9 57.2 11.1 17.9 107.7 196.4 340.6 76.5 215.0

l
. __



TABLE G.3

TAICNCHIC LIST AND FREQUEfeCY OF OCCURRENCE
OF ASSOCIATED FAuMA ON OYSTER REEF STA710NS SAMPLED QUARTERLY

CRYSTAL RIVER PR3 JECT
1981

Frequency of occurrence * |

Ofscharge stations Control stations 9asins

Species 101 102 103 104 105 106 107 108 109 Otscharge Contron

ANNELICA
Aricidea ca11binae 12.5 25 6.3
A. tarlort 12.5 12.5 4.2
Unitella capitate 50 37.5 62.5 62.5 50 50 50 75 87.5 52.1 70.8
Cau11eriella alata 12.5 12.5 2.1 4.2
Ceratonereis irritabilis 12.5 4.2

12.5 2.1
Jumica saa9utaea*

25 12.5 6.3Jaortcia sp. A

Glycere american4 12.5 2.1
(.lycinde solitarTa 12.5 2.1
Maoloscoloolos foliosus 12.5 12.5 25 8.3
Hydroides dianthus 12.5 2.1
taeoaerets culvert 12.5 25 12.5 6.3 4.2
Lumbrineris verrilli 37.5 6.3
Lueerineris spp. 12.5 12.5 4.2
Lysidice ninetta 37.5 25 10.4
Maronysa sanguinea 25 12.5 50 50 87.5 37.5 12.5 43.8 4.2
Maronysa spp. 12.5 12.5 12.5 12.5 8.3
Medtomastus eneisets 12.5 12.5 4.2

M. celtforniensis 50 50 37.5 12.5 50 37.5 22.9 33.3
Fediomastus spp. 12.5 12.5 12.5 25 12.5 6.3 12.5
Nainereis cf. Iaevigata 12.5 4.2

heantees succinea 25 62.5 50 75 87.5 50

Nematoaeress neees 12.5 2.1
Nereienylla fragilts 100 87.5 75 62.5 25 25 100 100 87.5 63.5 95.8

heress falsa 25 12.5 12.5 12.5 12.5 6.3 12.5

Perinerets floridana 75 37.5 62.5 62.5 25 100 87.5 87.5 43.8 91.7
Phyllodoce arenae 12.5 2.1
Flatynerets dumer1111 12.5 4.2
Polydora ..esteri 75 25 25 50 50 25 12.5 25 41.7 12.5

Prionosoto heterotranchia tenana 25 4.2
saoella mic-oontaalma 12.5 2.1
Saoellaria vulgaris 25 12.5 4.2 4.2
Titonidae spp. 12.5 2.1

5treelosoio benedicti 12.5 25 6.3
Tearve oorsoerancnta11s7 12.5 12.5 2.1 4.2
Tuotficidae sp. A 12.5 4.2
Tubtficidae spp. 50 50 50 50 12.5 33.3 4.2

12.5 25 12.5fuef ficoides spp.
Troosy11ts sp. A 75 87.5 62.5 25 25 37.5 87.5 87.5 100 52.1 91.7

Typosylits sp. 8 12.5 2.1

MOLLUSCA
Aeolidofdaa sp. A 12.5 4.2
Amyodalum paovrium 12.5 12.5 2.1 4.2

Bivalvta spp. 12.5 12.5 12.5 25 2.1 16.7
12.5 4.2Boones imoressa

Brachidontes rediolus 12.5 12.5 25 12.5 12.5 8.3 8.3
Brachtdontes spp 100 75 100 100 37.5 25 100 100 100 72.9 100

12.5 4.2Calotroonom ostrearum
37.5 25 20.8Carditamera floridana

12.5 4.2Carithstose spp.
12.5 4.2Cerithtum atratum 12.5 12.5 8.3C. muscarum

Thtone cancellate 12.5 12.5 2.1 4.2
12.5 12.5 8.3

Coroule swif*iana 12.5 4.2Crecicula fornicata
C. olana 25 50 87.5 87.5 4.2 75

Ueotdula spp. 12.5 4.2
Cumingia coarctata 12.5 2.1

12.5 4.2Gastropoda spp. ,

Geukensia demissa 75 12.5 25 62.5 12.5 50 50 29.2 37.5

.itn onsaa etsulcata 12.5 12.5 2.1 4.2
o

.iooerus cast aneus !?.5 2.1

.ucinidae sp. A 12.5 2.1
Metongens corona 25 8.3
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a TA8LE G-3 .

(continued) *

T AXONOMIC LI57 AND FREQUENCY OF OCCURRENCE
OF A550CIATED FAUMA OM OY5fER REEF 5fAf t0M5 5APFLED QUARTERLY

CRf5fAL RIVER PROJECT
1981

Frecuency of occurrence *

01scharge stations Control stations 8asins

Soecies 101 102 103 104 105 106 107 108 109 Otscharge Control

MOLLUSCA (continued)
Myttltdae spp. 12.5 12.5 12.5 12.5 4.2 8.3
Ostreola eavestris 62.5 50 37.5

5ella edamst 12.5 12.5 8.3
Seawle proficua 25 25 12.5 20.8

37.5 12.5 16.1
h ovreurascens

AATHAOP00A
Anurida marittma7 25 25 12.5 12.5 25 12.5 8.3
.alanus eovraeus 100 75 87.5 100 87.5 50 50 62.5 100 83.3 70.8
alanus sp. A 62.5 37.5 53 37.5 T.5 37.5 25 50 33.3 31.5
alanus sp. 8 50 37.5 37.5 37.5 33.5 25 37.5 37.5 14.6 33.3

asian spp. 25 12.5 12.5 25 12.5 12.5 12.5 33.3 8.3
Lallinectes spp. 25 12.5 6.3
c.artdea spp. 12.5 12.5 2.1 4.2
Chironomidae spp. 12.5 12.5 12.5 12.5 25 6.3 12.5

i - 4.2Corophium acberusicus 25
. 87.5 10Q 100 97.9 95.8Evryoanopeus cepressus 100 87.5 100 100 100 100

8.3 4.2Grap=icae spp. 12.5 12.5 12.5 12.5 12.5 e ,
' 12.5 4.2Hergeria ramas

6.3 iMelita sp. A 12.5 25 c

Neocanone spp. 12.5/ , 2.1
0.yurostylis smitht 12.5 . 2.)
Palaemonetas spp. 12.5 2.1s

Panocevs Jrest11 37.5 37.5 37.5 37.5 37.5 37.5 25 . ' 25 33.3e

P. herostit? 28 g 8.3
12.5 12.5 12.5 (10.4 12.5I~ occtoentalis 12.5 12.5 37.5

. 25 , 87.5 75 ' 87.5 58.3 83.3E nopeus spp. 87.5 75 75 75 12.5
,25 25 16.7Peracerceis spp.

+ 12.5 4.2Paracertets 7 sp. A
Perhyale hawatensts 62.5 75 12.5 12.5 12.5 4 10 / 37.5 100 29.2 95.8

Petroitstees armatvs 100 15 62.5 50 28C 50 ,57.5 75 100 60.4 87.5
Sonaeromettdae spp. 12.5 2.1'

tenets sp. A' - - 12.5 12.5 8.3
41.7uca spp. 37.5 25 25 50 62.5 50 ,i

Tanthidae spp. 100 87.5 100 100 100. ,100 ' 100 100 100 97.9 100
' \

'

| OTHER - ,

' Astctdacea spp. E3 12.5 2.1 4.2
, 87.5 87.5 87.5 2.1 87.5Caldarta spp. 12.5 i s

Nemertinea spp. 50 62.5 25 13.5 75 100 100 25 91.7
Platyhelminthes spp. 100 75 62.5 97.5 12.5 12.5 75 75 75 58.3 75s

5tpuncula spp. 12.5 12.5 25 4.2 8.3, ,

4

# ercentage of replicates taken duri 1981 in which each tasa was collected (n for each station = 8; n for dischargeP

basin = 48; n for control basin = 24

|

,

|

,
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TABLE G-4Q
*

NUMBER OF TAXA 0F ASSOCIATED FAUNA COLLECTED QUARTERLY AT
OYSTER REEF STATIONS
CRYSTAL RIVER PROJECT

1981

Station Basin
Jlscharge stations Control stations

Group Honth 101 102 103 104 105 106 107 108 109 total total

ANNELIDA April 5 (0) 2 (0) 9 (27 5 (1) 18 (10) 8 (1) 5 (0) 5 (0) 4 (0) 6 (0) 23 (17)

| June 8 (1) 6 (1) 6 (0) 5 (0) 6 (2) 4 (0) 6 (1) 6 (0) 6 (1) 8 (2) 12 (7)

| September 6 (0) 5 (0) 7 (1) 7 (0) 3 (0) 3 (0) 3 (0) 5 (1) 5 (1) 6 (2) 9 (5)

December 8 (1) 4 (0) 8 (0) 7 (0) 12 (5) 16 (7) 6 (0) 10 (1) 11 (2) 15 (4) 28 (173

| Annual mean 12 (1) 8 (0) 13 (0) 10 (0) 23 (6) 23 (4) 9 (1) 12 (1) 13 (2) 19 (5) 35 (21)

|
| ? MOLLUSCA April 2 (0) 0 (0) 2 (0) 3 (0) 5 (3) 1 (0) 3 (l) 6 (4) 3 (0) 8 (5) 7 (4)

June 4 (0) 3 (0) 2 (1) 4 (0) 1 (0) 0 (0) 5 (2) 8 (3) 8 (1) 132(9) 6 (2)

September 2 (0) 2 (1) I (0) 2 (0) 0 (0) 0 (0) 2 (0) 3 (0) 5 (2) 5 (3) 3 (1)

| December 3 (0) 2 (0) 2 (0) l (0) 0 (0) 0 (0) 4 (0) II (3) 15 (7) 18 (15) 3 (0)

Annual mean 5 (0) 5 (0) 3 (1) 4 (0) 5 (2) I (0) 9 (1) 15 (3) 19 (5) 25 (16) 12 (3)

ARTm 0P00A April 10 (1) 3 (0) 12 (1) 9 (0) 6 (1) 10 (0) 8 (0) 6 (0) 8 (0) 9 (0) 17 (8)

June 11 (0) 12 (0) 5 (0) 9 (0) 4 (0) 4 (1) 14 (2) 9 (0) 10 (2) 16 (4) 14 (2)

September 9 (1) 10 (0) 9 (0) 7 (0) 4 (0) 5 (0) 7 (0) 10 (2) 8 (0) 11 (2) II (2)

December 8 (0) 8 (0) 10 (l) 7 (0) 9 (2) 9 (2) 9 (0) *2 (2) 8 (0) 14 (3) 19 (8)

Annual mean 14 (0) 13 (0) 16 (1) 13 (0) II (2) 17 (2) 16 (2) 15 (0) 13 (1) 20 (5) 23 (8)

OTHER April 2 (0) 2 (0) 1 (0) 1 (0) 2 (0) 2 (1) 3 (0) 2 (0) 3 (0) 3 (1) 3 (1)

June 3 (0) 3 (0) 1 (0) 1 (0) 0 (0) 0 (0) 3 (0) 3 (0) 4 (0) 4 (0) 4 (0)

September 1 (0) 2 (0) 1 (0) 1 (0) 0 (0) 0 (0) 3 (0) 3 (0) 4 (1) 4 (2) 2 (0)

December I (0) 2 (0) 2 (0) 1 (0) 1 (0) 0 (0) 3 (0) 4 (0) 3 (0) 4 (1) 3 (0)

Annual mean 3 (0) 3 (0) 2 (0) 1 (0) 3 (0) 2 (0) 3 (0) 4 (0) 4 (0) 5 (0) 5 (0)
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TABLE G-4
(continued),

NlteER OF TAXA 0F ASSOCIATED FAUNA COLLECTED QUARTERLY AT
OYSTER REEF STATIONS
CRYSTAL RIVER PROJECT

1981

Station Basin
Discharge stations Control stations

Group Month 101 102 103 104 105 106 107 108 109 total total

TOTAL April 19 (1) 7 (0) 24 (3) 18 (t) 31 (14) 21 (2) 19 (1) 19 (4) 18 (0) 26 (6) 50 (30)
ASSOCIATED
FAUNA June 26 (1) 24 (1) 13 (1) 19 (0) 11 (2) 8 (0) 28 (5) 26 (3) 28 (5) 41 (16) 36 (II)

September 18 (1) 19 (I) 18 (1) 17 (0) 7 (0) 8 (0) 15 (0) 21 (3) 22 (3) 26 (9) 25 (8)

December 20 (1) 16 (0) 22'(0) 16 (0) 22 (6) 25 (9) 22 (0) 37 (6) 37 (8) 50 (23) 53 (25)

? Annual mean 34 (1) 29 (0) 34 (2) 28 (0) 42 (10) 43 (6) 37 (4) 46 (4) 49 (8) 69 (26) 75 (32)
U

*
Number in parentheses is the number of taxa found only at that station or basin.
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TABLE G-5

MEAN ABUNDAPCE (number /m ) AND MEAN BIOMASS (gram dry weight /m ) ,

OF ASSOCIATED FAUNA COLLECTED QUARTERLY AT EACH OYSTER REEF STATION
CRYSTAL RIVER PROJECT

1981

Station

Discharoe basin Control basin

Group 101 102 103 1 04 105 106 107 108 109

Annellda meanabundgnce 236 86 134 74 279 1 04 163 417 503
(number /m )

0.888 0.142 0.252 0.140 0.771 0.123 0.336 0.518 1.352
meanblomasg)(g dry wt/m

j) Mollusca meanabundgnce 145 101 73 Ill 23 5 616 1790 2271
(number /m )os

a
10.972 4.051 3.262 11.656 0.927 0.053 29.628 245.008 150.687

meanbiomasg)(g dry wt/m

Arthropoda meanabundgnce 1307 831 921 748 491 310 438 1121 1330
(number /m )

53.832 27.437 34.580 32.759 14.329 9.142 18.464 34.291 33.$84
meanblomasg)(g dry wt/m

Total mera abundgnce 1721 1032 1843 98 2 548 423 1541 3702 4764
associated f. umber /m )

fauna
65.728 31.645 38.125 44.559 16.084 9.328 48.880 280.210 186.504

meanbiomasg)2 dry wt/m8

.

O O O
--
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*
TABLE G-6

DOMINOCE RA*" FOR TCP TEN TAXA 0F ASSOCI ATED FAUNA
SNFLED QUARTERLY AT OYSTER REEF STATIONS

CRYSTAL RIVER PROJECT
1981

Station
Discharge stations control stations Basin

Group Species 101 102 103 104 105 106 107 108 109 Control Discharge

Annellda Capitella capitata 10 10
Marphyse sanguinea 7 8
Medlemastu= californiensis 6 6 10
Neanthes su'ccinea 3 5
Nereiphylla fraallis 9 i 7 7 9 6 5 5 6
PerInerels floridana 6 10 6 6 9 9 7 9 6
Tubtficidae spp. 8

f Typosyllis sp. A 9 'd 7 7 10 10 8
w
* Mollusca Brachidontes modlolus 8

Brachidontes spp. 5 4 3 3 10 1 1 1 1 3
Crepidula plana 8 9

Arthropoda Anurida maritime 10
Balanus oburneus 4 6 4 4 4 3 5
Balanus sp. B 10
Balanus spp. 9
Eurypanopeus depressus 2 2 1 1 2 1 10 6 8 7 1

Melita sp. A 8
Panopeus spp. 8 8 8 9
Parnyale hawalensis 7 5 4 7 2 3 8
Petrollsthes armatus 1 1 5 5 3 2 4 5 4
Uca spp. 5 4 7
Xanthidae spp. 3 3 2 2 1 2 5 4 6 3 2

Other Cnidarla spp. 2 3 3 2
Platyhelminthes spp. 9 9

,

*
McC loskey, 1970.

i
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TABLE G-7 |

ANMJAL MEAN VALUES FOR MEASURED COMP 4JNITY PARAMETERS AT OYSTER REEFS
IN THE CONTROL Ato DISCHARGE BASINS

CRYSTAL RIVER PROJECT
1977-1981

1977 1978 1979 1980 1981
~

| Group Parameter Control Discharge Cor trol Discharge Control Discharge Control DIscharae Control Discharge
i

| Adult oysters Mean abundqnce 543 278 1018 466 1470 455 1878 258 1274 481

(number /#)

Mean biomass (g dry wt/m ) 69.72 31.50 113.99 68.05 178.41 37.95 136.80 29.06 97.8 32.1

Mean blemass (G) x 230 9.5 5.9 8.9 9.3 7.9 8.3 1.4 6.3 5.5 4.5
Mean shell length (cm)

315 187 797 176 1614 310 1407 174 1682 645
Spst Meanabundgnce

(number /m )

!? 2
'u Mean blomass (g dry wt/m ) 54.10 49.34 144.49 28.86 253.94 47.59 238.16 26.99 215.0 76.3

cn

#REtio adjusted to a constant sample size of 230 for comparative purposes (FFC,1981).

O O O
.
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H. SALT MARSH

.

11\R000CTION

Salt marshes are plant communities found in the intertidal zone

along coasts of low energy and gradual slope. They may occupy a narrow

fringe of coastline or vast coastal areas. As a transition zone between

the sea and land, salt marshes are the site of the production of large

quantities of organic matter, the habitat of a few plant and numerous

animal species, and the area providing protection to the adjacent low-

lying uplands from saltwater intrusion, coastal erosion and salt spray

(Hum,1973) .

Dominant salt marsh plants in the eastern Gulf of Mexico, including

the crystal River area, are smooth cordgrass, Spartina alterniflora, and

black needlerush, Juncus rcemarianus. Almost pure stands of these two

| plants form distinct zones controlled by tidal inundation, substrate com-

| position, rate of saltwater percolation and similar factors (Hum,1973).

In Florida, Spartina fonns the relatively narrow seaward band of salt

marsh, where it endures the longest inundation by salt water during high

tides. Juncus, however, occupies slightly higher ground just landward of

the Spartina zone. It may cover vast areas that are inundated for
,

'

shorter periods.

Because salt marshes may be measurably affected by thennal effluents

(Young, 1974), studies to assess potential impact resulting from the(q/ thermal discharge of Crystal River Unit 3 have been conducted con-

H-1
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tinuously since 1977 (Kosik,1981). In 1981, measurements of salt marsh g
parameters made in an area subjected to therinal addition were compared to

an area outside of any potential thermal influence. These measurements

were then compared to 'Sose obtained during prior years of study.

MATERIALS AND METHODS

Two sites were chosen for study: one in the discharge area which

received thermal effluent from the power plant, and the other (the

control) in an area outside of any potential thennal influence (Figure

H-1). In preoperational studies, control data were collected on the

offshore islands adjacent to the sites where all operational data were

collected.

Collections were made quarterly at each of the two preestablished

salt marsh stations. Samples for standing crop biomass were taken by

randomly throwing a 50 x 50-cm frame into the grasses and, with hand

shears, clipping all plant material to within 1 to 2 cm of the substrate

surface. As the grasses were harvested, the number of fiddler crab (Uca

spp.) burrows and periwinkles (the snail Littorina irrorata) in each

quadrat were counted. The marsh samples were placed in plastic bags and

frozen until processing began. Nine quadrats in the Spartina zone and

five in the Juncus zone were sampled per quarter.

In the laboratory, plant material was separated and the number of

dead stems, live stems and flowering stems for each species was deter-

mined. Live pl ant material was further subdivided into 20-cm size

H-2



classes for Spartina and 25-cm size classes for Juncus, and the number of

stems in each category were counted. Dry weight biomass was detennined

by species for both live and dead material by drying the samples for 24

hours at 70*C and weighing to the nearest 0.1 gram.
,

All data were analyzed statistically as outlined previously (A.

Introduction). Where significant station differences occurred, thermal

impact was often assumed to be the probable cause. This assumption takes

the conservative (worst-case) approach because other factors, such as

differences in water percolation rates, sediments and nutrients, were not

considered.

RESULTS AND DISCUSSION

Spartina Density

Mean density of live Spartina stems did not vary significantly be-

tween stations at any time during 1981. At both control and discharge

stations, highest stem numbers were observed during December (Table H-1).

Mean density of dead stems generally decreased from spring to winter at

both control and discharge marshes. Dead stem densities were signifi-

~

cantly higher at the discharge than at the control marsh during September

and December. No flowering stems were observed until December, when mean

flower stem density at the discharge station was significantly greater

than that at the control station.

Spartina stem density in both discharge and control areas followed

the same general seasonal pattern in 1981 as during previous years

H-3
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(Figures H-2 and H-3). That is, both dead and live stem densities were h
high in the winter and/or spring, following the period of maximum plant

production, and then lower during the remainder of the year due to attri-

tion, tissue breakdown and the recycling of nutrients back into the

system.

l

The major difference observed among 1981 data and data of previous

years was found in comparison of live Spartina stem density at the

discharge and control stations (Figure H-2). In years prior to 1981,

densities at the discharge were higher than at the control. In 1981,

however, densities were usually higher at the control. For the years

1978 through 1980, trends of density increase are apparent at both

discharge and control areas. This density trend continued into 1981 at g
the control; however, at the discharge the densities fell. Because live

stem densities at the discharge were similar during 1977 and 1981, the
|

| only years Unit 3 was on-line during the sunmer, it appears likely that

thermal effluents from Unit 3 have an adverse effect on live stem den-

sities in the discharge marsh.

Juncus Density

| Mean density of live Juncus stems was significantly higher at the
|

| control than at the discharge during most of 1981 (Table H-1). Highest

live stem density occurred in December at the discharge and in June at
|

the control (Table H-1). Mean density of dead stems was highest at both'

discharge and control in June. Dead stem densities were consistently
Ohigher it the control than at the discharge, but the only significant

H-4
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difference was in December. Flowering Juncus stems were only found

during June at the control marsh and during April and December at the

discharge marsh.

Juncus stem density (Figures H-4 and H-5) does not follow the fairly

consistent seasonal pattern shown by Spartina (Figures H-2 and H-3).

Where Juncus density may be high in winter one year, whether at discharge

or control, it may be just as high or higher in the summer of the next

year. Because Juncus density varies so much naturally, establishing

cause and effect relationships (thermal effects) is especially difficult.

Mean densities of live and dead Juncus stems at the discharge were

lower in 1981 than in previous years (Figures H-4 and H-5). These lower

1981 densities could appear to result from thennal impact; however, den-

sities were also high in the sunner of 1977, the only other sunner that

Unit 3 was continuously on-line. This indicates that thennal effluents

were not likely the cause of low stem densities in 1981. Live and dead

stem densities at the control station in 1981 were similar to those of

previous years (Figures H-4 and H-5).

Spartina Stem Lengths

Spartina stems in the 41 to 60-cm or 61 to 80-cm size classes

comprised the highest stem densities at the discharge marsh in 1981

(Figures H-6 and H-7). In the control marsh, the highest densities con-

sisted of stems in the 81 to 10-cm size class. When stem lengths were
J

analyzed statistically, mean lengths were shown to be significantly

H-5



greater at the control than at the discharge during every quarter except h
.

December (Table H-2).

The occurrence of shorter mean stem lengths at the discharge marsh

is consistent with the data obtained in earlier years (Figure H-8). The

higher temperatures of the discharge marsh water may have resulted in

Spartina stems being shorter in that area. This is supported by the mean

stem length difference between discharge and control marshes, which was

| greater in June and September, the months of higher water temperatures,

than in December (Table H-2). However, within the discharge marsh, mean

stem length was greater in June and September than in December (Table
1

H-2). This observation contradicts the premise that higher discharge'

I water temperatures caused the difference in stem lengths. g

Juncus Stem Lengths

Juncus stems in the 76 to 100-cm and 101 to 125-cm size classes

comprised the highest stem densities at the discharge marsh in 1981

(Figures H-9 and H-10). The highest densities in the control marsh were

of stems in the 101 to 125-cm or 126 to 150-cm size classes. At both

discharge and control marshes, peak densities ia April consisted of

slightly shorter stems than those which accounted for peak densities

during the other quarters. Statistical analysis showed that mean stem

lengths were greater at the control than at the discharge during every

1981 sampling quarter (Table H-2).

O
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O S8erter aences meen stem ieneth et t8e disc 8erse msrsh 8es been con-

sistent over the past five years of study (Figure H-11). High discharge

water temperature is a likely cause of this difference in stem lengths,

particularly because differences between control and discharge stations

in 1981 were greater during June and September when discharge water tem-

peratures were highest. In addition, mean stem lengths in the discharge

marsh were shorter in June and September that in December.

Spartina Biomass

Spartina mean live stem biomass was higher at the control marsh than

at the discharge marsh during every 1981 sampling quarter. Differences

were statistically significant in April and June (Table H-3). The

] highest mean live biomass values were found in June at both marshes.

Mecn dead stem biomass, with the exception of the September quarter, was

also higher at the control marsh. Highest dead biomass values were found

in June at the discharge and in December at the control.

Live and dead Spartina biomass values over the past study years have

usually been higher at the control marsh than at the discharge marsh

(Figures H-12 and H-13). This difference in biomass values indicates

thermal impact. However, other environmental variables, such as sedi-

ments and nutrients, could also cause differences in the amount of

biomass produced.

The 1981 mean values for Spartina biomass at the discharge marsh

consistently fell outside two standard deviations of the 1973 biomass

H-7
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means (Table H-4). Mean live stem biomass was higher in 1981 than in h
1973 during winter and fall quarters while 1973 was higher in the spring

quarter. For mean dead stem biomass,1981 was higher in winter, surnner

and fall while 1973 was higher in the spring. Overall,1981 had higher

combined live and dead stem biomass than did 1973. Higher biomass in

1981 suggests that if there is a thermal effect, it would be to enhance

production rather than inhibit it. It must be added, however, that mean |

dead Spartina stem biomass values were unusually high in 1981 (Figure j

H-13) and that this accounts for much of the difference between 1981 and

1973 values. The reason (s) for the high 1981 dead biomass values, which

occurred at both discharge and control marshes, are not known.

Juncus Biomass

Juncus mean biomass, both live and dead, was significantly higher at

the control marsh than at the discharge marsh during every 1981 sampling

period (Table H-3). The highest mean live stem biomass was found in June

at the control and in December at the discharge. The highest mean dead

stem biomass was found in December at the control and in June at the

discharge. This seasonal distribution of live and dead stem biomass at

discharge and control areas is strongly indicative of thermal impact.

However,1981 was an unusual year in biomass values because it was the

first year values were higher at the control marsh than at the discharge

marsh (Figures H-14 and H-15). Values for 1977, the only previous year

that Unit 3 was on-line in the summer, would be expected to have been

lower if thermal effluent was affecting Juncus biomass.
O
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O The 1981 mean values .for Juncus biomass at the discharge marsh was

usually within two standard deviations of the 1973 biomass mean (Table

H-4). The only exception was in mean dead stem biomass in the spring

quarter which, in 1981, was below the 1973 range. As previously men-

tioned, Juncus biomass values in 1981 were atypical of those obtained

during other years of operational studies. When biomass from 1977

through 1981 is compared to the 1973 preoperational study,1981 values

are similar to those obtained in 1973 while 1977 through 1980 values are

higher than in 1973. These comparisons do not show any adverse thermal

impact on Juncus biomass.

Invertebrate Activity

Periwinkles (the snail Littorina .irrorata) and fiddler crabs (Uca
spp.) are common salt marsh inhabitants. They are easily seen, abundant

and stay within 1%ited areas relative to most other inhabitants of the

marshes. Therefore, they make good subjects to study potential changes

within a marsh; in this case, changes that may have resulted from thennal

impact.

No periwinkles were observed at the Spartina control marsh in any

1981 sampling quarter (Table H-5). At the Spartina discharge marsh,

periwinkle mean density was highest in June. Periwinkle densities at the

Juncus marshes were also higher at the discharge than at the control;

differences being significant in the September sampling quarter.

Periwinkle densities have also been higher at the discharge marshes than
O at the control marshes in previous study years (Figures H-16 and H-17).

H-9
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Periwinkle densities increased from 1977 to 1980 and then decreased in g
1981. Because this trend occurred at both discharge and control marshes,

the changes are attributed to natural population variations. The fact

that densities have been higher at the discharge than at the control may

result from thermal effect or some other, as yet unidentified, difference

between the marshes. If periwinkles were influenced by the thennal

effluent, the effect was to stimulate population growth rather than

inhibit it.

The mean 1981 densities of fiddler crab burrows varied considerably

both among quarters and between marshes (Table H-5). Densities were

highest at the discharge marshes (both Spartina and Juncus) in June and

at the control marshes in December. Spartina and Juncus control marsh

burrow densities were significantly higher than discharge marsh burrow

densities in December. Burrow density in the Juncus discharge marsh was

significantly higher than that of the control marsh in September.

Generally higher burrow densities at the discharge marshes than at the

control marshes during the years of operational study (Figures H-18 and

H-19) suggest the possibility of thennal impact. As with the

periwinkles, if there is a thermal effect on fiddler crabs, it would be

to stimulate population growth rather than inhibit it.

.

SUMMARY

Live stem densities of Spartina in 1981 were usually higher at the

control marsh than at the discharge marsh, while Spartina dead stem den-
Osities were usually higher at the discharge marsh. Live and dead stem
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densities of Juncus in 1981 were always higher at the control marsh than

at the discharge marsh. Flower stems were not found throughout the year

at either marsh. The only significant differences in flower stem den-

sities were found in December for _Soartina, when densities were higher at
_

the discharge than at the control, and in June for Juncus, when densities

were higher at the control than at the discharge.

The major difference observed among 1981 data and data of previous

years was found in comparison of live Spartina stem density at the

discharge and control marshes. In years prior to 1981, densities at the

discharge were higher than at the control. In 1981, however, densities

were usually higher at the control. Comparison of Spartina and Juncus

live stem densities between 1977 and 1981, the only two years Unit 3 was

on-line during the sununer, showed that thermal effects were a likely

cause of lower stem densities at the Spartina discharge marsh, but un-

likely to he<e caused the lower stem densities at the Juncus discharge

marsh.'

l

Spartina and Juncus stems were longer at the control marsh than at

the discharge marsh in 1981, a difference consistent with data from pre-

vious study years. Higher water temperatures are a possible cause of

shorter stems at the disenarge marsh, but the data were not conclusive.

Spartina and Juncus biomass was greater at the control raarsh than at

the discharge marsh in 1981. This difference also occurred during pre-

vious study years at the Spartina marshes. During previous study aars

H-11
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g, at the Juncus marshes, however, biomass values were greater at the

discharge than at the control. Trends in biomass values were contradic-

tory and neither fully supported nor refuted impact resulting from ther-

mal effects. The 1981 mean biomass values often fell outside two

standard deviations of the 1973 biomass means. In the majority of these

instances, the 1981 values were higher than those from 1973.

Densities of periwinkles and fiddler crab burrows were higher at the

discharge marsh than at the control marsh in 1981, which is generally

consistent with results from previous study years. Higher dersities at

the discharge may result from the thennal effluent. If this i. the case,

however, the thennal effect was to stimulate population growth rather

than inhibit it.

O
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TABLE H-1.

MEAN LIVE, DEAD AND FLOWER STEM DENSITY AT DISCHARGE AND CONTROL STATIONS
CRYSTAL RIVER PROJECT

1981

Mean live stem density (number /m )

Sgrtina Juncus
Discharge Control Olscharge Control

GeomeirIc Geometric Log,Geometric Log, GeonetrIc Log, 1S.E. Log , 15.Emean meen mean mean mean mean 1S.E.Month mean meen 1S.E.

April 136.2 4.9 0.2 117.3 4.8 0.1 201.1* 5.3 0.3 437.5' 6.1 0.1

Jur e 107.5 4.7 0.1 112.5 4.7 0.1 251.4* 5.5 0.2 495.6* 6.2 <0.13

September 81.9 4.4 0.1 108.2 4.7 0.1 200.4 5.3 0.1 288.8 5.7 0.2

0ecember 149.9 5.0 0.1 178.2 5.2 U.1 279.0* 5.6 0.1 485.0* 6.2 0.1

Mean dead stem density (number /m )

Spartina Juncus
Ole, charge Control Olscharge Control

Geometric Log ,Geometric Log , Geometric
Log , 1S.E.Geometric

Log, 15.E. mean mean mean 1S.E.mean mean mean 15.E. meanMonth mean

April 102.7 4.6 0.3 106.1 4.7 0.1 46.8 5.0 0.2 229.2 5.4 0.2

June 104.8 1.7 0.1 80.2 4.4 0.1 293.6 5.7 0.1 426.1 6.7 <0.14

September 66.7' 4.2 <0.14 13.3* 2.7 0.7 137.9 4.9 0.1 175.6 5.2 0.2

December 48.0* 3.9 0.2 15.0* 2.8 0.5 115.7' 4.8 0.1 232.4* 5.5 0.1

Mean flower stem density (number /m )

Spartina Juncus

Olscharge Control Discharge Control

Geometric Geometric Geometric Log ,
Log,15.E. Log , 1S.E. Log , 15.E.Geometric
mean mean mean mean mean mean mean 15.E.Month mean

April 0 0 0 0 0 0 2.0 1.1 0.5 0 0 0

Junw 0 0 0 0 0 0 0* O O 25.1* 3.3 0.2

September 0 0 0 0 0 0 0 0 0 0 0 0

December 30.5' 3.5 0.3 3.1' 1.4 0.4 0.3 0.2 0.2 0 0 0

'Significant di f ferences between means of the same species (P<0.05).

O
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TABLE H-2

MEAN STEM LENGTH AT DISCHARGE AND CONTROL STATIONS
CRYSTAL RIVER PROJECT

1981

Spartina marsh Juncus marsh
_

Control Discharge Control Discharge

Arithmetic Standard Arithmetic Standard Arithmetic Standard Arithmetic Standard
Month mean error mean error mean error mean error

April 72.2* 1.3 48.9* 0.9 98.3* 1.6 74.0* 1.53

z June 88.4* 0.9 72.1* 0.9 123.4* 1.2 92.2* 1.3

September 73.8* 1.2 64.7* 1.2 124.9* 2.6 94.1* 1.7

December 65.3 1.6 63.2 1.9 123.9* 1.7 106.1* 1.5

*Significant difference between means of the same species (P10.05)

|
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TABLE H-3

MEAN LIVE Ato DEAD B10HASS AT DISCHARGE AfD CONTROL STATIONS
CRYSTAL RIVER PROJECT

1981

2
Mean live blemass (grams dry weight /m )

Spartina Juncus
Discharge Control Discharge Control

Geometric Log, Geometric Log, Geometric Log , Geometric Log,
Month mean mean f_S.E. mean mean f_S.E. mean mean f,S.E mean mean f,S.E.

April 197.4' 5.3 0.2 322.98 5.8 0.2 302.28 5.7 0.3 1120.78 7.0 0.1

' June 601.18 6.4 0.1 979.98 6.9 0.2 477.88 6.2 0.2 1583.68 7.4 0.1

September 459.5 6.1 0.1 684.4 6.5 0.2 415.98 6.0 0.6 785.2' 6.7 0.2
1

December 543.5 6.3 0.1 626.9 6.4 0.1 597.68 6.4 0.1 1507.8m 7,3 o,g

2
Mean dead blomass (qrams dry welqht/m )

Spartina Juncus
Discharge Control Discharge Control

Geometric Log, Geometric Log. Geometric Log, Geometric Log.
Month mean mean + S, . E . mean mean 15.E. mean mean +S.E. mean mean +S.E.

April 114.7 4.8 0.4 217.3 5.4 0.1 91.88 4.5 0.3 316.7e 5.8 0.1

June 955.0 6.9 0.1 1155.2 7.1 0.1 1078.18 7.0 0.1 2189.58 7.7 0.1

September 536.4 6.3 0.1 340.7 5.8 0.2 651.38 6.5 0.2 1730.5" 7.5 0.2

December 672.28 6.5 0.2 1834.88 7.5 0.1 921.9s 6.8 0.1 2821.7s 7,9 o,i

"Significant di f ferences between means of the same species (P<0.05).
>



hTABLE H-4

MEAN LIVE AND DEAD DENSITY OF SPARTINA AND JUNCUS BIOMASS
AT THE DISCHARGE MARSH IN 1973 AND 1981

CRYSTAL RIVER PROJECT
1981

Spartina biomass (mean grams dry weight /m2)

Live Dead

2 standard 2 standard
Quarter 1973 + deviations 1981 1973 + deviations 1981

Winter 225 175 564a 350 170 723a

Spring 420 200 216a 450 133 167a

Suniner 560 232 634 465 266 1026a

Fa11 150 220 490a 335 150 561a

Juncus biomass (mean grams dry weight /m2)

Live Dead

2 standard 2 standard
Quarter 1973 + deviations 1981 1973 + deviations 1981

!

! Winter 515 228 611 830 150 948
I
i Spring 525 320 342 980 430 1,10a
l
| Summer 520 310 538 860 360 1131

Fall 475 210 484 880 140 728

a
.

1981 mean (arithmetic) outside the 1973 range of 2 standard deviations
| from the 1973 mean.

| e
|
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TABLE H-5

MEAN DENSITY OF PERlWitELES AND llDOLER CRAB BURROWS AT DISCHARGE Ato CONTROL STATIONS
CRYSTAL RIVER PROJECT

1981

2
Mean density of perivinkles (number /m )

Spartina Juncus
Ol'scharge Control Gischarge Control

Geometric Log, Geometric Log, Geometric Log, Geometric Log,
Month mean mean f_S.E. mean mean f_S.E. mean mean f_S.E mean mean f_S.E.

. April 2.9 1.4 0.4 0 0 0 1.4 0.9 0.6 0.4 0.3 0.3

June 5.18 1.8 0.4 0' 0 0 1.5 0.9 0.3 0.5 0.4 0.3
x

September 1.2 0.8 0.4 0 0 0 7.48 2.1 0.3 08 0 0

Decemb e 4.6e 3,7 o,4 on 0 0 0.8 0.6 0.4 0.4 0.4 0.2,

Mean density of crab burrows (number /m )

Spartina Juncus
Discharge Control 01scharge Control

Geometric Log, Geometric Log, Geometric Log, Geometric Log ,
Month mean mean +S.E. mean mean fS.E. mean mean iS.E. mean mean +S.E.

April 219.0 5.4 0.2 225.9 5.4 0.2 252.0 5.5 0.2 276.7 5.6 0.1

June 396.1 6.0 0.1 339.7 5.8 0.1 338.2 5.8 0.1 305.0 5.7 0.1
G

September 26.3 3.3 0.5 45.7 3.8 0.2 126.5# 4.8 0.1 27.98 3.4 0.3

December 128.28 4.9 0.2 412.98 6.0 (0.14 99.38 4.6 0.1 364.48 5.9 0.1

*Significant dif ference between means of the same species (P<0.05).
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I. SEDIMENTS

INTRODUCTION

Aquatic systems are sites of accumulation of solid detrital material

of inorganic and organic origin. These materials include terrigenous .

materials from the breakdown of igneous and sedimentary rock, inorganic
|

precipitates, and inorganic and organic products from the breakdown of

animal and plant material.

Sedimentary debris settles through the water and may be carried

laterally by currents. The settling velocity of a sediment particle

depends on its specific gravity, size and shape and on the physical prop-

erties of the water that transports it. When water velocity is insuf-

ficient to transport the particle, deposition occurs. Settling, how?ver,

can be prolonged by lunar or aeolian (wind-driven) tidal activity or any

currents that result in turbulence. In general, greater water velocities

can support larger and heavier particles. Conversely, only very fine

sands and silts remain suspended in relatively slow moving currents.

Generally, regions least affected by currents tend to accumulate small-

sized sediments.

While the geolcgical significance of sediment grain size is still

unclear (Folk,1961), many biologists have correlated grain size parame-

ters with the distribution of organisms, particularly macroinvertebrates

| (Sanders , 1958) . There is a sharp distinction between the fauna asso-

ciated with hard and soft substrates, and within unconst idated sedi-

I-1
_ _ _ _ _ _ _



ments. Species may exhibit preferences for coarse or fine particle

sizes.

MATERIALS AND METHODS

Duplicate sediment samples were taken quarterly with a 7.6-cm PVC

core sampler at seven pre-established stations in the discharge basin and

five pre-established stations in the control basin (Figure I-1).

Collections were made concurrently with benthic macroinvertebrate collec-

tions at each of the 12 stations. Cores were taken at le: 3 m apart

and within a 15-m radius of the station marker. The samples were placed

ice and shipped to the laboratory where they remained frozen untilon

analysis could begin.

O
After thawing, a sample was mixed well and a 10- to 20-g subsample

was withdrawn for total organic carbon (TOC) and total carbonates (TC0 )3

| analyses. TOC and TC0 analyses were conducted using an Oceanography
3

International . Total Carbon System. Simply stated, this device converts

organic carbon in a sediment sample to carbon dioxide gas using potassium

persulfate as an oxidizing agent. The quantity of carbon in the gas

given off is then measured by an infrared analyzer. A modification of

the method allows detennination of TC0 n the same device. Data from
3

the analyses were reported as the percentage of total sediment weight

that is comprised of TOC-carbon or TC0 -carbon.3

Quantitative measurements of the mean diameter and the distribution O
of the particles of a sample among the several size classes (sorting) are

I-2
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O required for precise sediment analysis.' Grain size scales are based on a

naturally observed, constant ratio of two between successive classes

(Wentworth,1922). More recent data are nearly always stated in phi ($)

units, which are logarithmic transfonnations of the Wentworth scale

(Krumbein, 1936) . Phi tenns will be used throughout the presentation of

sediment data from the Crystal River Plant study area.

Grain size analysis was conducted using methods outlined by Folk

(1961), Royce (1970) and W.S. Tyler, Inc. (1973). In these methodi., a

subsample of approximately 100 g of rinsed, air-dried sediment is placed

in a nest of sieves which, when shaken for 15 minutes on a Tyler Ro-Tap

sieve shaker, separates the sample into various fractions or size classes

based on particle diameters. These fractions are:

Phi ($) unit Particle size Size class

<-1 >2 m gravel
-1 to 0 2 to 1 mm very coarse sand
0 to 1 1 to 0.5 mm coarse sand
1 to 2 0.5 to 0.25 mm medium sand
2 to 3 0.25 to 0.125 mm fine sand
3 to 4 0.125 to 0.063 mm very fine sand
>4 <0.063 mm silt and clay

The sediment retained on each sieve is then weighed to the nearest

0.01 g. Sediments smaller than 44 are further analyzed using the ASTM

method 0422 (ASTM, 1980). This method allows separation of the silt and

clay size classes in the following manner:

O
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Phi (4) unit Particle size Size class

4 to 5 0.063 to 0.031 mm coarse silt
5 to 6 0.031 to 0.0156 mm medium silt
6 to 7 0.0156 to 0.0078 mm fine silt

7 to 8 0.0078 to 0.0039 mm very fine silt

>8 <0.0039 mm clay

Once the weights of the various size classes of the sediment sample

have been obtained, the mean sediment particle diameter (in & units) and

the sorting coefficient (i.e., standard deviation af the mean diameter)

the sample may be found using the method of :oments calculation ofo .-

Folk (1961). In this method,

2
r[W (Mo-013IDjWi and 1M to=

IW IW

where: M = mean sediment particle diameter ($ units), go

Dj = mid-point of the ith class interval ($ units),

W1 = weight of the ith class interval (in grams),

W = total weight of the sample (in grams), and

I = sorting coefficient ($ units).
n

data were analyzedMean particle size and percentage TOC and TC03j

statistically using analysis of variance to compare annual means from

each station. Student's t-tests were used to compare annual means from

control aid discharge basins. In addition, Morisita's index of connunity

similarity (CA) was used to compare stations annually on the basis of

percentage compositions of the various size classes composing the sedi-

ments at each station.

O
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RESULTS AND DISCUSSION ,
,

Percentage Composition Analysis

Sediments at all of the stations near the Crystal River Power Plant

were primarily composed of sand-sized particles. Annual mean sand per-

centage composition was 91.00 percent in the discharge basin (range of

89.19 to 93.66 percent among discharge stations) and 82.17 percent in the

control basin (range of 62.30 to 93.47 percent among control stations;

Table I-1). Most of the wide variation in mean sand percentage com-

position in the control basin was attributable to Stations 9 and 12,

which consistently had much less sand and more gravela ized sedimentss

than the other control stations. Gravel was far raore prevalent in the

control basin, and silt and clay formed relatively small components of

sediment in either basin. All of the gravel-sized sediment and nearly

all of the very coarse sand (-1 to 04), coarse sand (0 to 14) and medium

sand (1 to 24) fractions were composed of mollusc shell fragments, while
.

only a small percentage was composed of terrigenous material.

Despite considerable quarterly variation among stations (Table I-1),

statistical analysis of the major sediment fractions indicated that the
;

gravel fraction was significantly larger in the control basin, and sand,

silt and clay fractions were significantly larger in the discharge basin

(Table I-2). When stations were compared using Morisita's index of simi-

l arity, all of the stations showed high degrees of similarity except

| Stations 9 and 12, the stations with the highest percentage gravel frac-

tions (Figure I-2). Similarity of the discharge stations with control

O
,

Stations 10 and 11 seems to be exaggerated by Morisita's index when other

I-5
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gfactors such as mean grain size and carbon content are considered.

Control Station 8 sediments, however, appear to be nearly identical to

the discharge station sediments (Table I-1). Cottrell (1974) reported

that sedimentation rates were greatest near shore and diminished with

distance from shore. His observations appear to hold true when similari-

ties between Station 8 and the discharge stations during 1981 are con-

sidered.

Comparison of 1981 major fraction percentage composition data with

1974 and 1980 data showed good agreement (Figure I-3). Current data were

actually somewhat closer to 1974 (baseline) data in many cases than were

the 1980 data. Sediment deposition rates and, therefore, sediment grain

size distributions may change somewhat from year to year because of

variations in rainfall, runoff, winds, stonns or other factors.

Grain-size Analysis

When stations were compared statistically, all but one of the

discharge stations (Station 6), plus Station 8 in the control basin, were

found to have significantly finer mean grain sizes than Stations 9

through 12 of the control basin (Table I-3). Mean grain sizes ranged

from 2.214 at Station 9 to 3.934 at Station 1. As shown in the percen-

tage composition analyses, Stations 9 and 12 showed the greatest dif-

ference from the other control stations. Mean grain sizes in the

discharge and control basins were finest in June and coarsest in December

(Figure I-4). There was much less variation among the discharge stations
Othan among the control stations as indicated by the smaller standard

deviations about the mean grain sizes.
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O seem perticie s4ze for the discher9e 8e=4# (3 741 o 38+) wes fi#er

than that of the control basin (2.9110.69&), showing a greater propor-

tion of fine sediment in the discharge basin (Table I-4). Both of these

basin means show the general presence of finer sediments than were found
'during the 1980 operational study (FPC,1981).

Historically, the prevalence of finer sediments in the discharge

basin has been attributed primarily to higher sedimentation rates there

(Cottrell, 1974; FPC, 1981). Cottrell (1974) reported discharge sedimen-

tation rates were 5 times greater than those observed in the control

basin. Sources of sedimentation in the discharge area include 1) runoff

from tidal creeks, 2) dredge spoils, either dumped into the area or cir-

culated through the plant from the intake canal, 3) erosion from the

spoil islands to the north, 4) erosion flow from the mouth of the Cross

Florida Barge Canal, and 5) erosion flow from the mouth of the
Withlacoachee River. Sediment distribution from the three latter sources

is aided by southward-flowing longshore currents. This sediment input is

contained by the intake and discharge canal dikes on the south and Thumb

Island on the north. In addition, extensive oyster reefs act as baffles

within the basin. These factors combine to create slower water movement

in the discharge basin than in the control basin. This allows the

suspended sediment to settle out at a faster rate in the discharge basin.

Lespite the relatively low rainfall of 1981 that created less runoff and

erosion than nonnal, data from the present study agree with the findings

of Cottrell (1974).

I-7
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Organic Carbon and Carbonates Analysis h
Statistical analysis of total organic carbon (TOC) percentage com-

position data showed very consistent TOC values among all stations

regardless of the basin (Table I-5). Exceptions were Stations 2 and 12,

which had significantly greater percentages of TOC than other stations.

TOC percentages ranged from 0.34 percent at Station 6 to 0.79 percent at

Station 12. Sediment TOC at the discharge and control stations varied in

a similar manner over the course of 1981 with TOC values being lowest in

June and highest in December (Figure I-5). Wider standard deviations

show that sediment TOC content was slightly more variable in the control

basin than in the discharge basin. Statistical comparison of the basins

indicated that annual mean TOC percentage composition in the control

basin was significantly greater than in the discharge basin (Table I-6). g,

Statistical analysis of total carbonates (TC0 ) percentage com-
3

position data showed considerably more variation among stations than was

found with the TOC data (Table I-7). TC0 values ranged from 0.87 per-
3

cent at Station 8 to 2.12 percent at Station 12. Variation in TC0 is
3

primarily a function of mollusc distribution because mollusc shells are

composed of calcium carbonate, and fragments of mollusc shells entirely

account for the larger fractions of sediments near the Crystal River

Plant. In addition, molluscs were more commonly found in the control

basin during the macroinvertebrate sampling portions of the present

study. With the exception of Station 8, all of the higher TC0 values
3

were found in the control basin (Table I-7). TC0 mean values were
O3

always higher and more variable in the control basin than in the

.
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O discheroe 8esin crisere t-8). stetisticei cemPerison of t8e 8asins indi-

cated that TC03 percentage composition in the control basin was signifi-

cantly greater than in the discharge basin (Table I-6).

Both TOC and TC03 percentages were lower in 1981 than those found in

1980. It is presumed that this is a result of the change to a more

sophisticated method of analysis in 1981. The current TOC and

TC0 methods measured the percentage of total sediment weight composed of
3

carbon only. Previous methods also measured the weight of all other ele-

ments chemically bonded to the carbon atoms of the sediment in their

estimations of percentage " organic matter" and percentage carbonates.

While the two methods yield data that are not directly comparable, they

reveal similar trends in sediment composition. Considering the dif-

ference in methods, the trends in data from 1981 were consistent with

previous data.

SUMMARY

The sediments of all stations near the Crystal River Power Plant

<.are primarily composed of sand-sized sediment particles. Comparison of

data showed that sediments in the discharge basin were composed of finer

particles than sediments in the control basin. Control Station 8 was

very similar to the discharge basin stations and Stations 9 and 12 were

the most dissimilar. The latter two stations accounted for most of the

variation between discharge and control basin mean values of major size

class percentage compositions. There was little variation among stations

O in the discharge basin.
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Mean grain size was 3.74$ in the discharge basin and 2.914 in the h
control basin. While mean grain sizes varied throughout 1981, discharge

basin sediments were always finer and less variable than control basin

sediments. The primary cause of the finer sediment deposition in the

discharge basin appear to be the relatively confined nature of the

discharge area, which allows faster sedimentation rates.

Percentage composition of total sediment weight contributed by or-

ganic carbon and carbonates was significantly greater in the control

basin. The larger percentage composition of carbonates in the control

basin is primarily the result of larger mollusc populations at the

control stations.

O
Overall, there was good agreement among data from the 1974 preopera-

tional and 1980 and 1981 operational studies. No new trends concerning

size class percentage compositions or mean grain sizes were found.

/

~

O
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hTABLE I-1
.

PERCEtiTAGE COMPOSITI0tl 0F SEDIMENTS BY MAJOR CLASS SIZE
CRYSTAL RIVER PROJECT

1981

Percentage Co'wosition

Gravel Sand Silt Clay

ftation Month Replicate (<-14) (-1$-4&) (4&-8$) (>89)_

1 April A 1.45 91.06 6.48 1.00
B 3.93 90.67 4.67 0.73

June A 0.10 90.76 7.91 1.23
B 0.19 89.86 8.62 1.34

September A 0.07 89.16 9.32 1.45
B 0.14 88.44 9.89 1.53

December A 0.80 96.15 2.96 0.91
B 0.39 95.35 3.93 0.33

Mean + standard deviation 0.88+1.23 91.43+2.63 6.72+2.45 0.96+0.50

2 April A 0.30 96.36 2.83 0.51
B 2.72 93.69 3.05 0.54 gJune A 0.00 85.47 12.30 2.22
B 0.00 84.30 13.28 2.42

September A 0.00 81.70 15.52 2.78
8 0.00 84.65 13.02 2.33

December A 0.60 94.27 4.87 0.27
B 0.72 95.36 3.64 0.28

Mean + standard deviation 0.54+0.87 89.48+5.58 3. 56+5.07 1.42+1.03

3 April A 0.13 98.01 1.62 0.25
B 0.31 97.00 2.33 0.36

'

June A 0.00 89.80 8.84 1.36
B 0.00 91.30 7.57 1.14

September A 0.00 95.56 3.89 0.55
B 0.15 89.41 9.06 1.38

December A 5.00 91.23 3.52 0.26
B 0. 74 96.94 2.15 0.18

Mean i standard deviation 0.7911.61 93.6613.33 4.8712.91 0.6910.49

4 April A 1.89 92.77 4.67 0.67

|
B 5.55 90.25 3.72 0.48

| June A 0.00 86.29 12.15 1.57
B 0.07 86.91 11.53 1.49'

September A 0.00 86.13 12.28 1.60
B 0.00 84.25 13.94 1.81

December A 1.24 93.48 4.70 0.57 g
B 8.43 85.43 5.86 0.29 W-

Mean + standard deviation 2.15+2.96 88.19+3.28 8.61+3.96 1.06+0.57
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TABLE I-1
(continued)

PERCENTAGE COMPOSITION OF SEDIMENTS BY MAJOR CLASS SIZE
CRYSTAL RIVER PROJECT

1981

Percentage Composition

Gravel Sand Silt Clay
Station Month Replicate (<-14) (-1$-44) (44-84) (>84)

5 April A 0.64 97.53 1.63 0.21
B 0.35 96.78 2.40 0.48

June A 0.89 86.37 11.78 1.76
B 0.16 88.87 9.58 1.39

September A 0.00 89.01 9.44 1.55
B 0.58 89.21 9.33 1.41

December A 4.39 92.87 2.50 0.24
B 0.77 95.62 3.20 0.41

Mean + standard deviation 0.81+1.38 92.03+3.96 6.23+3.89 0. 93 +0. 61

6 April A 0.86 95.55 3.15 0.45
B 0.72 95.71 3.10 0.48

O June A 0.10 86.80 11.41 1.69
V B 0.16 88.77 9.61 1.46

September A 0.67 88.19 9.76 1.38
8 0.45 90.62 7.87 1.06

December A 3.53 93.56 2.65 0.26
B 3.46 92.66 3.35 0.53

Mean + standard deviation 1.24+1.32 91.48+3.18 6.36+3.42 0.91+0.51

7 April A 2.29 92.10 5.00 0.62*

8 3.07 94.06 2.55 0.32
June A 0.94 94.08 4.44 0.55

B~ 0.23 90.11 8.61 1.06
September A 0.27 93.16 5.85 0.72

B 0.61 88.58 9.61 1.19
December A 0.19 94.81 4.46 0.54

8 17.91 79.19 2.55 0.35
Mean + standard deviation 3.19+5.65 90. 76+4. 81 5.38+2.41 0.67+0.29

8 April A 1.17 96.77 1.89 0.17
8 0.97 97.01 1.87 0.16

June A 0.70 92.45 6.30 0.55
B 0.14 91.20 7.97 0.69

September A 0.13 88.22 10.72 0.93
B 0.00 89.88 9.31 0.81

December A 1.32 97.29 1.28 0.11

O 8 3.17 94.97 1.76 o.11
Mean + standard deviation 0.95+0.96 93.47+3.30 5.14+3.63 0.44+0.32

.
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hTABLE I-1
(continued)

PERCEtiTAGE COMPOSITION OF SEDIMEtiTS BY MAJOR. CLASS SIZE
CRYSTAL RIVER PROJECT

1981

Percentage Compositionta

Gravel Sand f Silt Clay
Station Month Replicate (<-14) (-14-44) (44-84) (>89)

9 April A 21.00 77.65 1.24 0.11
B 32.68 66.02 1.20 0.09

June A 12.24 82.78 4.58 0.40
B 20.73 70.37 8.20 0.71

September A 25.03 71.9 7 2. 5 0.30
8 21.39 76.38 2.02 0.21

December A 13.31 84.56 1.92 0.20
B 19.00 80.08 0.91 0.00

Mean + standard deviation 20.67+6.04 76.23+5.98 2.85+2.30 0.25+0.21

10 April A 0.21 97.32 2.22 0.25
B 0.26 96.51 2.90 0.33

June A 2.97 85.61 10.31 1.12 &
B 4.27 83.18 11.29 1.26 W

September A 5.20 89.60 4.74 0.47
8 15.83 79.91 3.84 0.43

December A 1.77 94.73 3.03 0.48
B 6.41 92. 5 7 0.91 0.11

Mean i standard deviation 4.6214.73 89.9316.05 4.9113.57 0.5610.39

l 11 April A 5.74 91.58 2.39 0.30
B 5.00 92.68 2.07 0.26

June A 11.13 80.62 7.34 0.91
B 6.55 85.09 7.38 0.99

September A 9.32 87.44 2.93 0.32
B 2.60 91.74 5.04 0.62

December A 3.43 93.82 2.47 0.0;

B 7.55 88.42 3.53 0.50
Mean i standard deviation 6.4212.69 88.9214.17 4.1412.05 0.5210.27

12 April A 26.16 70.35 3.11 0.38
8 19.09 74.83 5.41 0.68

June A 32.15 59.47 7.46 0.92
8 30.41 60.55 8.05 0.99

September A 23.96 60.12 14.16 1.76
B 26.48 58.30 13.60 1.63

December A 37.52 57.58 4.26 0.64
i B 39.90 57.18 2.73 0.19-

| Mean i standard deviation 29.4616.52 62.3016.15 7.3514.16 0.9010.52
!
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TABLE I-1
(continued)

I PERCENTAGE COMPOSITION OF SEDIMENTS BY MAJOR CLASS SIZE
CRYSTfd. RIVER PROJECT

1981

Percentage Composition

Gravel Sand Silt Clay
(<-14) (-14-44) (44-89) (>8$)

Control basin 12.42+11.80 82.17+12.67 4.88+3.57 0.54+0.42
i - - - -

mean and standard deviation

Discharge basin 1.3 7+2. 80 91.00+4.27 6.68+3.80 0.95+0.65
- - - -

mean and standard deviation

O
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hTABLE I-2

RESULTS OF T-TEST COMPARISON OF PERCENTAGE COMPOSITION
OF SEDIMENTS BY SIZE CLASS BETWEEN CONTROL AND DISCHARGE BASINS

CRYSTAL RIVER PROJECT
1981

Mean basin percentage
Calculated Critical

Size class Control Discharge t value t value Resulta

Gravel 12.42111.80 1.3712.80 -6.676 1.645 contro1>di scharge

Sand 82.17112.67 91.0014.27 4.797 1.645 discharge > control

Silt 4.8813.57 6.6813.80 2.326 1.645 discharge > control

Clay 0.54+0.42 0.95+0.65 3.495 1.645 discharge > control

'A result indicates a significant difference between basias at P<0.05.

O

;

i

,
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TABLE I-3

MCAN GRAIN SIZE BY STATION
STATISTICAL ANALYSIS OF SEDIMENT

CRYSTAL RIVER PROJECT
1981

ANALYSIS OF VARIANCE

Degrees of Calculated
Source freedom Sum of squares Mean square F value

Model 11 1.9781 0.1798 20.02*

Error 84 0.7545 0.0090

Total 95 2.7326

0UNCAN'S MULTIPLE RANGE TEST

Grouping 8 Ranked mean($) Station

O ^ 3.93 1
,

A 3.84 2

A 3.72 3

A 3.72 7

'

A 3.71 5

A 3.71 8

A 3.66 4

! A B 3.58 6

B C 3.25 10

C 3.15 11

0 2.24 12

0 2.21 9

O
*Significant difference at P10.05; critical F=1.92.
aMeans with the same grouping letter are not significantly different at
P10.05.

'
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gTABLE I-4

MEAN GRAIN SIZE, a0RTING COEFFICIENT, TOTAL ORGANIC CARBON CONTENT
AND TOTAL CARBONATE CONTENT OF SEDIMENTS

CRYSTAL RIVER PROJECT
1981

Grain size
Total organic Total

Standard carbon carbonate
Station Month Replicate Mean ($) deviation (6) (%) (%)

1 April A 3.95 1.04 0.21 0.58
8 3.75 1.49 0.20 0.49

June A 4.08 1.36 0.20 1.06
B 4.13 1.32 0.20 1.97

September A 4.00 1.31 0.51 1.18
8 4.17 1.42 0.43 0.91

December A 3.68 1.18 0.56 0.65
B 3.69 1.22 0.47 0.89

Mean + standard deviation 3.93+0.19 1.29+0.13 0.35+0.15 0.97+0.44

2 April A 3.49 1.28 0.54 0.93 g8 3.26 1.29 0.44 0.93
June A 4.12 1.35 0.77 2.66

B 4.25 1.38 0.21 2.24
September A 4.37 1.34 0.65 1.46

B 4.26 1.35 0.82 1.38
December A 3.49 1.18 0.76 1.13

8 3.46 1.20 0.88 1.18

| Mean + standard deviation 3.84+0.42 1.30+0.069 0.63+0.21 1.49+0.59

3 April A 3.58 1.05 0.50 0.58
8 3.63 1.55 0.41 0.55

June A 4.01 1.36 0.36 1.61
B 3.96 1.36 0.56 1.74

September A 3.86 1.34 0.55 0.93
,

B 4.96 1.33 0.56 0.98
December A 3.20 1.25 0.50 0.65

8 3.46 1.26 0.55 0.74
Mean + standard deviation 3.72+0.28 1.31+0.13 0.50+0.07 0. 9 7+0.43

4 April A 3.65 1.31 0.35 0.82
B 3.41 1.40 0.38 0.85

| June A 4.11 1.35 0.26 1.87
| B 4.10 1.26 0.32 1.24

September A 4.05 1.48 0.44 0.87
B 4.22 1.36 0.48 1.07 &

December A 3.36 1.19 1.39 0.82 W
B 2.34 1.70 0.94 1.68

Mean + standard deviation 3. 66+0. 59 1.38+0.15 0.57+0.37 1.15+0.39

|
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TABLE I-4
(continued)

MEAN GRAIN SIZE, SORTING COEFFICIENT, TOTAL ORGANIC CARBON CONTENT
AND TOTAL CARBONATE CONTENT OF SEDIMENTS

CRYSTAL RIVER PROJECT
1981

Grain size
Total organic Total

Standard carbon carbonate
Station Month Replicate Mean ($) deviation (@) (%) (% ',

5 April A 3.40 1.40 0.36 0.74
8 3.46 0.96 0.43 0.71

June A 4.16 1.35 0.27 2.32
8 3.95 1.39 0.37 2.09

September A 4.02 1.38 0.58 0.78
B 3.90 1.31 0.45 0.78

December A 3.07 1.23 0.79 0.91
B 3.76 1.37 0.33 0.59

Mean + standard deviation 3.72+0.35 1.30+0.14 0.45+0.16 0. 87+0. 60

6 April A 3.47 1.16 0.29 0.93
8 3.48 1.11 0.36 1.10

ON June A 4.01 1.36 0.37 1.29
B 3.96 1.34 0.14 1.19

September A 3.78 1.33 0.37 1.75
8 3.79 1.41 0.43 1.10

December A 3.04 1.34 0.44 2.12
B 3.09 1.24 0.28 1.21

Mean + standard deviation 3.58+0.35 1.29+0.10 0.34+0.09 1.34+0.37

7 April A 3.59 1.19 0.23 0.95
8 3.47 1.32 0.30 1.00

June A 3.75 1.40 0.30 0.92
B 4.03 1.29 0.39 1.59

September A 3.83 1.36 0.43 1.04
B 4.00 1.36 0.27 0.82

December A 3.75 1.21 0.48 1.14
B 3.29 1.25 0.52 0.75

Mean + standard deviation 3.72+0.24 1.30+0.07 0.37+0.10 1.03+0.24

8 April A 3.57 1.23 0.59 0.94
8 3.54 1.17 0.54 0.73

June A 3.88 1.40 0.25 1.17
B 4.00 1.26 0.51 0.83

4.17 1.38 0.50 0.64September A -

- B 4.07 1.32 0.49 0.64
s December A 3.41 1.22 0.72 0.61

B 3.04 1.28 0.72 0.61
Mean + standard deviation 3. 71+0. 3 6 1.28+0.75 0.54+0.14 0.77+0.19
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TABLE I-4
(continued)

MEAN GRAIN SIZE, SORTING COEFFICIENT, TOTAL ORGANIC CARBON CONTENT
AND TOTAL CARBONATE CONTENT OF SEDIMENTS

CRYSTAL RIVER PROJECT
1981

Grain size
Total organic Total

Standard carbon carbonate
Station Month Replicate Mean (6) deviation (6) (%) (%)

9 April A 2.18 1.16 0.42 0.86
B 1.67 1.33 0.49 1.09

June A 2.54 1.63 0.60 1.70
B 2.56 1.43 0.19 2.18

September A 2.12 1.64 0.47 1.84
B 2.12 1.54 0.37 2.70

December A 2.34 1.45 0.73 2.89
B 2.15 1.46 0.57 2.74

Mean + standard deviation 2.21_+0.27 1. 46_+0.15 0.48_+0.15 2. 0_+0. 72
_

10 April A 3.50 1.27 0.51 0.06 gB 3.61 1.41 0.43 1.24
June A 3.68 1.39 0.19 1.78

B 3.75 1.37 0.29 1.62
September A 3.08 1.41 0.45 1.66

8 2.59 1.52 0.46 2.56
December A 3.17 1.18 0.49 0.45

B 2.64 1.33 0.37 2.37
Mean + standard deviation 3.25+0.43 1. 36+0.096 0.40+0.10 1.47+0.81

11 April A 3.20 1.24 0.42 1.43
8 3.18 1.18 0.60 1.53

June A 3.21 1.44 0.55 2.36
B 3.42 1.44 0.62 2.05

September A 2.93 1.49 0.44 1.51
B 3.33 1.32 0.39 1.71

December A 2.92 1.32 0.67 1.53
8 3.00 1.33 0.51 2.09

Mean + standard deviation 3.15+0.17 1.35+0.099 0.53+0.09 1.78+0.32

12 April A 1.89 1.83 1.12 1.27
B 2.79 1.75 0.84 1.79

June A 2.28 1.72 0.36 2.89
8 2.34 1.71 0.35 2.23

September A 2.77 1.50 0.84 1.68
B 2.63 1.54 0.84 0.91

1.30 1.49 0.84 3.05December A -

B 1.42 1.60 1.15 3.15
Mean + standard deviation 2. 24 +0.4 6 1.64+0.12 0.79+0.28 1.87+0.83
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TABLE I-4
(continued)

MEAN GRAIN SIZE, SORTING COEFFICIENT, TOTAL ORGANIC CARBON CONTENT
AND TOTAL CARBONATE CONTENT OF SEDIMENTS

CRYSTAL RIVER PROJECT
1981

Grain size
Total organic Total

Standard carbon carbonate
Mean (4) deviation ($) (%) (%)

Control basin 2.9110.69 1.4210.17 0.5510.21 1.5810.77
Mean i standard deviation

Discharge basin
Mean i standard deviation 3.7410.38 1.3110.17 0.4610.22 1.1210.50

O

,

|

,

|
|

.

O .

I-27

- _. . ._ . _ _ , _ _ - _ _ _ _ _ - _ . - -- . ..



TABLE I-5

STATISTICAL ANALYSIS OF PERCENTAGE TOTAL ORGANIC CARBON
IN SEDIMENTS BY STATION
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIANCE

Degrees of Calculated
Source freedom Sum of squares Mean square F value

Model 11 0.6022 0.0547 3.70*

Error 84 1.2415 0.0148

Total 95 1.8437

DUNCAN'S MULTIPLE RANGE TEST

aGrouping Ranked mean (%) Station

A 0.79 12

A 0.63 2

B C 0.57 8

B C 0.54 4

B C 0.52 11

B C 0.50 3

B C 0.48 9

B C 0.45 5

l C 0.40 10

C 0.36 7
;

C 0.35 1

C 0.34 6

*Significant difference at P<0.05; critical F=1.92.
#Means with the same grouping letter dre not significantly different at
P=0.05.
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TABLE I-6

RESULTS OF T-TEST COMPARISON OF PERCENTAGE COMPOSITION
OF CARBON IN SEDIMENTS BETWEEN CONTROL AND DISCHARGE BASINS |

CRYSTAL RIVER PROJECT
1981

Mean basin percentage
Calculated Critical

Carbon species Control Discharge t value t value Resulta

Total 0.55_+0.21 0.4610.22 2.006 1.645 control > discharge
organic
carbon

Total 1. 58_+0. 77 1.12_+0.50 3.595 1.645 control > discharge
carbonates

. . .

"A result indicates a significaint difference between basins at P10.05.

O

|
|

.

O
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hTABLE I-7

STATISTICAL ANALYSIS OF PERCENTAGE CARBONATES
IN SEDIMENTS BY STATION
CRYSTAL RIVER PROJECT

1981

ANALYSIS OF VARIA.NCE

Degrees of Calculated
Source freedom Sum of squares Mean square F value

Model 11 2.7505 0.2500 5.26*

Error 84 3.9903 0.0475

Total 95 6.7408

DUNCAN'S MULTIPLE RANGE TEST

Groupinga Ranked mean (%) Station

hA 2.12 12

A B 2.00 9

A B 1.78 11

A B C 1.59 10

A B C 1.49 2

B C 0 1.33 6

C D E 1.15 4

C D E 1.11 5

C D E 1.02 7

0 E 0.97 3

0 E 0.97 1

0 E 0.87 8

O
*Significant difference at P10.05; critical F=1.92.

"Means with the same grouping letter are not significantly different at
P=0.05.
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ABSTRACT

Four years of metabolism studies for estuarine and salt marsh ecosys-

tems receiving thennal discharges from three generating units near Crystal

River, Florida, are presented. Power generation significantly increased

temperature, turbidity, and salinity of inshore bay ecosystems. System

metabolism of the Inner Discharge Bay as significantly reduced compared

to control sites, while the metcbolism of the Middle Discharge Bay was

stimulated compared to its control . Plankton metabolism was not signifi-

cantly altered in the discharge estuary compared to the control site.

Threshold water temperature for metabolism inhibition in the Crystal River

estuary was approximately 32*C. Seasonal patterns of stimulation or

inhibition were observed for both estuarine and salt marsh ecosystems

apparently in response to temperature. Total metabolism of discharge salt

marsh systems was significantly reduced by power plant output compared to

control marshes. No long-tenn recovery of estuarine metabolism was noted

during this 4-year study; however, Juncus and Spartina marshes exposed to

themal addition underwent morphological adaptations including smaller

stalk size and greater stalk density.

O
iii

__
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INTRODUCTION

Electric power generation requires the disposal of large quantities
,

of waste heat to the environment (typically 60-80% of the heat content of
,

the fuel is lost [Bregman 1969]). Of the various options for disposal of

this heat, once-through cooling using estuarine water is often used on the

west coast of Florida. This process may result in major changes in estu-

arine water circulation, annual and diurnal temperature regimes, and estu-

arine water chemistry. Short-term acute effects of such heat disposal are

often variable, such as stimulation or reduction in photosynthesis, en-

hancement or decline of fish populations, and changes in species composi-

tion.

In addition to the use of short-term measurements of acute effects

for decision making, it is also necessary to protect against long-term

community changes resulting from chronic stressful conditions. Biological

adaptations by selection of tolerant organisms may occur. On the other

hand, the multiple effects of power production may take several years to

manifest themselves. Documentation of the long-tenn response of ecosys-

tems to power plant operation is necessary if regulations are to adequate-

ly take account of biological complexity.

A difficulty exists for the researcher who wishes to ;tudy these

chronic changes of ecosystem condition by studying populations of indi-
!

cator species in that the particular organisms chosen for study may disap-

pear from the system when exposed to new environmental stresses. One

1
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alternative is to monitor system-level parameters such as trophic-level

standing stocks and overall energy flux (McKellar and Smith 1981). These

parameters can be measurable under any new configuration that the biologi-

cal system may take and are also comparable between different systems.

One such system parameter that integrates biological variability is

ecosystem metabolism or gross biological energy flow. Ecosysten metabo-

lism can be estimated by measuring system gross primary production based

on changes in dissolved oxygen (D0) in aquatic systems and carbon dioxide

changes in terrestrial ecosystems. Ecosystem metabolism has additional
1

importance derived from the observation that this parameter typically

increases during successional maturation of biological systems and

responds very closely to changes in external energy sources. Thus the

sinusoidal pattern of solar input is closely tracked by the rhythm of eco-

system metabolism in healthy ecosystems, and stressful events result in

sharp decreases in energy fixation.

As one component of an Environmental Technical Specifications (ETS)

study required to d,cument changes resulting fran 'a third generating unit

at Crystal River, Florida, this report sumarizes nearly 4 years of eco-

system metabolism measurements of estuarine and salt marsh ecosystems

receiving thermal effluent. Three questions about the environmental

effects of the power plants are investigated: 1. What are the system-level

effects on the estuarine and salt marsh ecosystems of the combined power

plant output? 2. What are the additional effects of a thini power unit on

the Crystal River estuary and salt marsh? and 3. Have any clear long-term

adaptations taken place in the structure or functioning of these coastal

ecosystems?



3

Study Site

O
The Florida Power Corporation has three electric-power generating

units on-line and is in the process of building two additional units near

the Gulf of Mexico at Crystal River, Florida. Two coal-fired units, Units

1 and 2, with a combined capacity of 964 megawatts (MW), came on-line in

1966 and 1969, respectively. These two units require approximately 2415

3m min-1 (638,000 gpm) of cooling water. This water is drawn from

offshore via a 12.5-km intake canal and is discharged inshore via a 3.8-km

discharge canal.

A third unit with 855 MW capacity and fired by nuclear power, came

on-line in 1977 using once-through cooling via the same intake and dis-

3charge canals. This unit pumps an additional 2574 m . min-1 (680,000 gpm)

of estuarine water for cooling purposes.

(O The Crystal River power plants are approximately 5 km north of thej

Crystal River and about 6 km south of the Cross Florida Barge Canal and

the Withlacoochee River (Fig.1). The coastline in this area has low

wave energies and a drowned karst topography. Tidal marshes are dominated

by black needlerush, Juncus roemerianus, with a narrow band of smooth

cordgrass, Spartina alterniflora, fronting the Juncus on the seaward side.

Numerous oyster bars occur roughly parallel to the coastline extending 3

to 4 km seaward.

Under natural conditions with freshwater inflow from the Crystal and

Withlacoochee rivers, the inshore estuarine bays near the plant am char-

acteristically less saline than the more thoroughly mixed offshore bays

(Carder et al.1973). Submerged vegetation is characteristically a mix-

ture of macroalgae and seagrasses such as Halodule wrightii, Ruppia mari-

O
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tima, and Syringodium filiforme. Primary productivity of tne water column

is dominated by phytoplankton. Complex consumer food chains include many

species of zooplankton, marine invertebrates, fishes, marine mammals, and

birds. Rainfall during the study period averaged 136 cm per year with

more than half falling during June, July, and August (NOAA 1977-1980).

Six estuarine bays and two salt marsh sites were rottinely monitored

during this 4-year study (see Fig. 2). Since the estuarine bays are

divided by oyster bars, location of sampling areas was simplified. The

Inner Discharge Bay (Bay A) is situated such that it was the first natural

estuarine area to receive thermal effluent from the discharge canal. The

Inner Control Bay (Bay E) is located south of the intake canal, between

the shoreline marshes and the first oyster bar. The Middle Discharge Bay

(Bay B) is situated along the discharge canal further seaward between the

first and second oyster bars, and its control, the Middle Control Bay (Bay

D), is located under similar circumstances south of the intake canal. The

Outer Discharge and Control bays (Bays OB and C, respectively) are located

in comparable areas beyond the second oyster bar from shore. The control

bays were chosen to replicate their discharge bays in terms of depth and

tidal flushing. The primary differences between these control and dis-

charge areas were assumed to be the effects of either the power plant

operation-thermal enrichment of the water and increased circulation of

offshore water in the discharge area due to the pumping of cooling

water-or the power plant siting-presence of long canal spoil bars.

Figure 2 also shows the locations of the discharge and control salt

marsh sites. The discharge marshes are located approximately 100 m from

the point where the discharge canal opens into the inner discharge bay.

p As with the bays, the discharge and control marshes are similar areas in
V
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terms of natural tidal flows, but quite different in terms of the themal

and circulation effects of the power plants.

Previous Crystal River Research

The estuarine and salt marsh ecosystems adjacent to the Crystal River

power plants have been the site for a multidisciplinary research effort

since 1971. During the period 1971-1974, research established some base-

line ecological conditions present in this estuary prior to the discharge

of additional heated water from Unit 3. Postoperational studies continued

from 1977 until 1981 in order to determine changes that may have occurred

in response to the new power-generating unit.

Early primary productivity measurements using Carbon-14 techniques

were made by Fox and Moyer (1972) in the intake and discharge canals. The

metabolism of the Inner Discharge Bay and Control Bay was studied using

oxygen change techniques by Smith (1976). The metabolism of the next set

of bays in the seaward direction was measured by McKellar (1975). Several

papers surinarizing this research have been published (Smith et al.1974;

McKellar 1977; Kemp et al .1977). More recent bay metabolism studies

since the addition of Unit 3 have been presented as annual reports (Odum !

i

et al .1978; Caldwell et al . 1979, 1980; Montague et al .1981) and are |
|

summarized in this report. Coninunity structure studies have monitored 1

phytoplankton and chlorophyll (Gibson et al.1974; Connell, Metcalf and

Eddy, Inc. 1978, 1979; Metcalf and Eddy 1980); zooplankton (Maturo et al .

1974; Benkert 1980); nekton (Grimes and Mountain 1971; Adams et al.1974;

Odum et al.1974; Snedaker et al.1974; Homer 1976); oysters (Lehman

1974); and benthic plants and animals (Adams et al.1974; Evink and Green

]

|
1

.
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1974; Van Tine 1974; Connell, Metcalf and Eddy, Inc. 19/8, 1979; Metcalf
. O and Eddy 1980; Van Tine and Davis 1982).
i

! Preoperational studies were conducted by Odum et al. (1974) and Young

(1974) at the salt marsh sites. Postoperational research in the salt

marshes has included work by Hornbeck (1979) and by Odum et al. (1978),

; Caldwell et al . (1979,1980), and Montague et al . (1981). The report that

follows sumarizes the data presented in the annual progress reports for

i the Crystal River salt marshes.

a

4
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METHODS

Sampling Plan

Monitoring for the ETS studies began with an initial testing period

during the first quarter of 1977, resulting in the development of a rou-

tine of sampling that was continued without significant alteration until

the spring of 1981. The response of estuarine metabolism to power plant

operation was measured in an area that was large enough to give a range of

possible effects from acute to no significant effect. The discharge estu-

ary was divided into three zones for study, and control areas with similar

physical features were chosen for comparison. Basea on preoperational

research by Carder et al . (1973), the Inner Discharge Bay represented the

zone of maximum temperature change, the Middle Discharge Bay a zone of

more moderate effect, and the Outer Discharge Bay was chosen to represent

near background conditions in terms of temperature elevation and salinity

changes.

The yearly cycle of estuarine metabolism was estimated by biweekly

sampling of planktonic and systen production and respiration. Each quar-
|

| ter two consecutive 24-hour intensive sampling studies were conducted.
i

These quarterly data receive equal treatment in the analyses that follow.

Metabolism of the Spartina and Juncus marsh systems was measured only on a

quarterly basis with two to four values of each metabolism parameter col-

lected during a sampling period. Measurement of marsh structure and

: O
,

|
l 9

)
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metabolism was limited to one station near the point of discharge and

therefore a gradient of salt marsh response to decreasing power plant
,

influence was not obtained over a spatial dimension.

Estuarine Metabolism

Estuarine metabolism was broken into two components for study: name-

ly, the planktonic subsystem and the overall system of plankton and ben-

thos. Metabolism of the benthic subsysten was estimated by subtracting

planktonic metabolism from the total system metabolism.

Planktonic metabolism was measured biweekly by use of the light-dark

bottle mechod (APHA 1975) during two consecutive 12- or 24-hour sampling

periods. Details of the modifications utilized during this study can be

found in previous annual reports (Montague et al .1981; Odum et al .1978;

Caldwell et al. 1979,1980). Metabolism parameters measured include

plankton net productivity, plankton respiration, and plankton gross pro-

ductivity in units of dissolved oxygen change per area per time.

System metabolism was also measured by changes in D0 concentrations.

The open water diurnal oxygen method used was developed by Oduin (1956),

Odum and Hoskins (1958), and Odum and Wilson (1962) and was adapted to the

specific needs of the Crystal River study as discussed in Montague et al.

(1981). In addition to intensive 24-hour sampling of dissolved oxygen

changes on a quarterly basis, biweekly measurements were routinely made by

use of the dawn-dusk-dawn method of McConnell (1962) and McKellar (1975).

The details of the methods used at Crystal River have been discussed

thoroughly in annual project reports such as Montague et al. (1981).

O
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In order to obtain metabolism values from D0 changes, the diffusion

of oxygen through the air-water interface had to be estimated. On a num-

ber of occasions the floating dome diffusion method of Copeland cad Duffer

(1964) as modified by Smith (1975) and McKellar (1975) was used to measure

oxygen diffusion in these bays. These diffusion corrections were applied

to all data in order to obtain values of system gross productivity, system

net productivity, and respiration.

Several physical factors were measured concurrently with metabolism

in order to establish cause-effect relationships tilat might exist in the

study area. At the time of collection of each D0 sample, water tempera-

ture, salinity, water depth, and secchi disk depth were recorded. Contin-

uous recordings of insolation were made concurrently with sample collec-

tion. The ecological efficiency of the biological systen was estimated by

converting gross productivity measurements to Calories and dividing by
V insolation. Details of the measurement of these physical parameters are

presented elsewhere (Montague et al .1981).

Salt Marsh Structure and Metabolism

The metabolism of Juncus-dominated and Spartina-dominated salt mar-

shes was measured quarterly in the discharge and control areas. Metabo-

lism of the living plants was measured i.nl situ by recording changes in

atmospheric CO2 concentration of air flowing through plastic enclosures

over the plants during two or four consecutive 24-hour periods. Details

of the methods employed can be found in Brown (1978), Hornbeck (1979), and

Montague et al . (1981).

O
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The plants within the enclosures were harvested after metabolism mea-

surement, and stalk height, stalk density, and live weight were recorded.

In addition, population densities of the salt marsh periwinkle (Littorina

irrorata) and of fiddler crab burrows (Uca spp.) were estimated at each of

the four sites.

Data Analysis

Statistical comparisons between discharge and control sites were made

using seasonal means and Student's t-test statistic (SAS 1981). Standard

error bars are excluded from the graphs for the sake of clarity; however,

any reference to significant differences between stations are based on 95%

confidence limits.

To illustrate and analyze the effect of power plant operation on the

O various parameters, monthly differences between the discharge and control

data were plotted versus total power plant output. Total power output in

megawatt-hours (MWH) per month was chosen as the best integrative param-

eter for the combined effects of thermal and circulatory changes caused by

the three generating units. The best fit for each comparison was made

using linear regression analysis (SAS 1981). A regression equation of the

form

Y = mX + b

was used where Y is the dependent variable, m is the slope, X is the

independent variable, and b is equal to the Y-intercept when X = 0.

O
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RESULTS

Estuarine Ecosystems

The data presented here are in the figures that follow; estuarine

parameters have been presented as seasonal means. Means were calculated

as follows: Winter-January, February, and March; Spring April, May, and

June; SumerWuly, August, and September; and Fall-0ctober, November,

and December. A sumary of measurements is included as an appendix.

Physical Parameters

Recorded insolation values during the 4 years of study were between

2159 and 7400 Cal /m . day (Fig. 3). Seasonal trends were typical for

central Florida with the yearly maximum in spring or summer and the yearly

minimum in the fall or winter. Total insolation for 1978 through 1980

appeared to be lower than 1977 and 1981 based on the days when measure-

ments were taken.

Water temperatures in the Inner, Middle, and Outer Bays are compared

in Figure 4. Temperatures in the three control bays were always similar.

Highest water temperatures were recorded for the Inner Discharge Bay with

a few measurements over 37'C during the 1977 sumer season. Maximum

temperatures were approximately 1*C lower in the Middle Disc!.cge Bay and

2*C lower in the Outer Discharge Bay compared to the Inner Discharge Bay.

|
Salinity values in the estuarine ecosystems are presented in Figure

5. Some seasonal periodicity was noted with highest salinities occurring

13
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in the sumer and fall and lowest values recorded during the winter and

V spring months. This pattern may be explained by the seasonal cycle 7f

evaporation from the water's surface in spite of greater rainfall during

the sumer and smaller amounts during the winter. Salinity was signifi-

cantly higher in the Inner Discharge Bay than in its control (Fig. 5) by

approximately 3 ppt. Salinity in the Middle and Outer Discharge Bays was

rarely significantly different from control values.

Seasonal means for light extinction are presented in Figure E for the

three pairs of bays. Light extinction was significantly higher in the

Inner Discharge Bay than in its control throughout the study period,

although no clear seasonal trends were observed. Light extinction was not

significantly different between the Middle and Outer Discharge Bays and

their controls (Fig. 6). Light extinction in the Outer bays went through

seasonal cycles with maximun values in tte spring and minimum values dur-

'u' ing the winter.

Plankton Metabolism

Plankton gross productivity showed no consistent differences between

discharge and control bays (Fig. 7). Seasonal cycles of plankton gross

productivity tracked insolation in all of the bays. Plankton productivity

increased from the inner to the outer bays. This trend was probably in

response to the greater depth of the outer bays, which resulted in higher

areal productivity values. Plankton productivity on a volume basis was

not significantly different between the Middle and Outer Control Bays,

although it was significantly lower in the Inner Control Bay. Volumetric

plankton productivity was similar in all three of the discharge bays.

O |

l
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O Plankton net productivity did not have any clear trend in response to
O the power plant operation (Fig. 8). Seasonal cycles were evident and once

again the outer bays were more productive than the middle and inner bays

on an areal basis, due largelv to their greater depth.

Plankton respiration was consistently lower in the three discharge

bays compared to their controls although the differences were rarely sig-

nificant (Fig. 9). Weak seasonal patterns were evident and unlike gross

and net plankton productivity, there was little difference between the

plankton respiration per area of the inner bays as compared to the middle

and outer bays. Thus, plankton respiration on a volume basis was higher

in the inner bays than in the outer bays.

System Metabolism

System gross productivity was consistently lower in the Inner Dis-

charge Bay relative to its control bay (Fig.10). On the other hand, the

gross productivity of the Middle Discharge Bay was consistently higher

than its control although the differences were often small. No consistent

stimulation or inhibition was found between the Outer Discharge Bay and

its control. System gross productivity was generally highest in the near-

shore areas of the control estuary than in the deeper offshore areas. The

periodicity of system gross productivity in all of the study bays closely

correlated with the cyclic pattern of insolation.

System net productivity of the Inner Discharge Bay was consistently

lower than that of its control bay (Fig.11). This parameter was consis-

tently higher in the Middle Discharge Bay relative to its control,

although the apparent difference was small. In the outer bays, them was

no consistent stimulation of net productivity observed.
A
U
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.

System respiration was also depressed in the Inner Discharge Bay rel-

ative to its control bay (Fig.12). This parameter was generally higher

in the Middle Discharge Bay compared to its control, while there was very

little difference between the two outer bays. The pattern of systen res-

piration closely followed insolation and productivity in all of the bays.

Ecological efficiency data for all of the estuarine bays are pre-

sented in Figure 13. Unlike the productivity values, ecological effici-

ency generally reached maximum levels during the fall season (October,

November, and December), rather than during the sumer season. This

parameter ur.derwent a declining trend in the Inner and Middle bays during

the 4 years of study.

Salt Marsh Ecosystems

Structure

Live weight data for the control and thermal salt marsh plants are

presented in Figure 14. There was no consistent difference in live weight

between control and thennal marshes for either Spartina or Juncus. Juncus

live weight values fluctuated between 600 and 1700 g*m-2 for both

marshes, and Spartina live weights were generally lower with values rang-

ing between 300 and 1000 g m-2,

A seasonal sunnary of live stalk density for the Crystal River salt

marshes is given in Figure 15. Stalk density was consistently greater at

the discharge marsh sites than at the control marsh sites for both Spar-

tina and Juncus. Combining these data with infonnation on live weight

presented in Figure 14 shows that the specific weight (weight per stalk)

,

O
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of both the Spartina and Juncus plants was consistently lower in the dis-

charge marsh than in its control.
,

Stalk height of the salt marsh plants during the study period is pre-

sented in Figure 16. For both Spartina and Juncus, stalk height was con-

sistently shorter in the discharge marsh compared to its control.

Snail and Fiddler Crab Densities

The density of the marsh periwinkle, Littorina irrorata, in both

Spartina and Juncus marshes of the discharge side was found to be consis-

tently greater than that of the controls (Fig.17). Snail density was

similar in both Juncus and Spartina marshes.

No consistent differences in fiddler crab burrow density was found

between any of the marshes (Fig. 18).

Metabolism

Metabolism data for the salt marsh ecosystems at Crystal River are

presented in Figures 19-21.

Figure 19 shows the 4-year trends in salt marsh gross productivity.

There was no clear stimulation or inhibition of gross productivity observ-

ed for either salt marsh species, although, a seasonal shift was consis-

tently recorded for Spartina with the discharge marsh attaining maximum

productivity values several months earlier than the control marsh. Juncus

was generally more productive than Spartina, averaging approximately 5.5 g

C m-2.d-1 for the former compared to 3.5 g C m-2.d-1 for the latter.

Salt marsh net productivity measurements are presented in Figure 20.

Once again no trends of stimulation or inhibition of this parameter wre

found in either salt marsh connunity. Net productivity of the Spartina

marshes was generally lower than the corresponding Juncus sites.

O
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Night respiration data for the salt marsh ecosystems is sumarized in

Figure 21. Power plant operation had no consistent effect on this vari-

able. Night respiration in the Juncus marsh was generally higher than

that of the adjacent Spartina marsh.
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DISCUSSION

Power Plant as a Forcing Function

System parameters such as structure and metabolism represent an inte-
,

gration of numerous physical and environmental variables. These environ-

mental factors are often the result of forces or processes occurring out-

side the systen of study and are referred to as " external forcing func-

tions."

One of the most important aspects of the Crystal River metabolism

study was the detennination of the overall effect of the power plants on

the structure and function of estuarine systems. The dominant factors

resulting fran power plant operation that had effects on the estuarine

system were: temperature increase in discharge waters (Grimes and Mountain

1970; Smith et al.1974); increase in water circulation in the discharge

area (Carder et al.1973); an increase in turbidity due to dredging and ;

barge traffic; and an increase in nutrients in the discharge area (Odum et

al . 1974 ) . Some information allowing a factoring of effects such as temp-

erature and turbidity data on estuarine processes was obtained during the

course of the study. Other potentially important factors such as water

circulation and nutrient availability were insufficiently sampled to draw

definite conclusions concerning their role in estuarine metabolism. The

parameter that provided the most valuable integrative reconf of the fac-

j tors listed above was total powt.r output on a monthly basis. Linear
'

O
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regression analysis between power output and the measured estuarine param-

eters provides a basis for making conclusions concerning the impact of the

power-generating units on the Crystal River estuary.

In detennining the actual effect of the power plants on the estuarine

systems it is also necessary to factor out the background changes in these

parameters due to environmental factors other than those caused by the

power generating units. The control data presented in the Results section

of this report can be used for such a purpose. In the analysis that fol-

lows, control data have been subtracted from corresponding discharge data

measured concurrently, providing " delta" values for regression analysis

with power plant output.

Power Output

A sumary of monthly power output from the three units combined, and

f rom Unit 3 alone, is presented in Figure 22. Total monthly output varied

between 200,000 and 1,100,000 MWH during the period of study from 1977 to

1981. The rated maximum possible output of these units is 1,353,335 MWH

for a 30-day month. Figure 22 illustrates the importance of Unit 3 in

providing power output greater than 500,000 MWH per month. During the

last 3 years of study, Unit 3 supplied no appreciable output during May,

June, and July.

Water Temperature

Figure 23 presents the temperature differential (AT) recorded between

the discharge and control estuaries, graphed as a function of total month-

ly output. This AT was positive for all measurements taken and was sig-

nificantly highly explained by power output (R2 J. 0.50) for all three

bay systems. Average AT's for the bays were: Inner, 4.45'C; Middle,



1

'40

= .

%
~ N:.=

:[% \\ N
:.

__ _<
% '= =s

m
,

a --s 3
- u. C

3 \ si-

..
L 4 e

N :; $%
%. - 2-m

-"C 5- :" lic < _,

. .- '

% > 1:: i

!!ggg: 4 ::
$58 (2~, 5/

.n -u
~

- :: -

-

1"

\ ::; E 5- -

'w-

) % -_5 $N
s~. -.

f f f f f 1/ f f f f 3 O"
Q 8 8 8 8 8 8 8 8 g o
_ ~ - - z.

HMW s l '10dinO INOd H3 Mod fEo
CO

E

d
?

T &{J C



. . - . - - . - . . , . - - - __ . = . . .

d

41

O 4
Ya(4 92 a 80 )a +1.44 trepsgR

4- ,2e0.509 *
4- +*

P(M 80l> 99.9 %
t +

7- Mt 90l > 98.$ % +-

+
4- + + +

+ ++
s- +

++4- + 4

"'+
3- $$

+2- +

l-

<

' ' ' ' '
0 106000 300000 50b000 M 000 d ooo ig

Y o(4 99 slo''l e +0.54
,280.537

7- MM>99.9% Y -P
Mb ool > 70.3% 4

j g
* 6-

+*

Ok T +5- 4 42 .

2 + ++ 4 +
= 4- +
E t *
2 +' 3- 4w
>=

+i'4 2- + 5
O .+ +| +

,

8 g.

0 100 BOO 30d000 50b000 70b000 gooooo gio'0000
' ' ' '

8- ye(4.3s so*4)a+0.2s 00TER

,2.o 3;y
7,

MM00l>99 9 %
t

Me s 0)>4L6%

+
+ .

s-

+ i
4 "+- +

+ +
+' Y 4 ;.3- ++ + +,

+ +
2- p

+ .6 %
% '*

l- 4

O ,oofog 300000 s00000 700000 90000C ||00000
' '

POWER OUTPUT MWH MONTH-'
Figure 23. Regression of monthly temperature differential between the Discharge

and Control Bays against total power output. i

-- - - - - - - . _



. . _ _ . ~_

42

3.79'C; and Outer, 3.12*C. The fact that the intercept value for the

O Inner bays was significantly positive indicates that the Inner Discharge

Bay has a higher background water temperature than its control bay. This

may possibly result from a shallower mean depth at the sampling point in

the discharge bay compared to the control .

Salinity and Light Extinction

The correlation between power output and the salinity differential

in the three bay systems is presented in Fig. 24. Although the salinity

of the Inner Discharge Bay was consistently higher than that of its con-
' trol bay, this differential was not explained by the power output of the

Crystal River unf ts. Smaller salinity differentials in the middle and

outer bays had a slight positive relationship with power output.

Similar results were found for light extinction measurements as indi-

O cated in Fig. 25. Once again, the light extinction differential was not

explained by power plant output for the inner bays and only slightly

dependent on output in the middle and outer bays.

These regressions clarify an important consideration in comparing the

discharge bays to their control bays. The Inner Discharge Bay is funda-

mentally altered in terms of salinity and turbidity compared to its con-

trol because of the pumping of offshore water to its inshore location.

The absence of a significant relationship with total power output may be

explained by a threshold level of effect below the lowest pumping rate of

the plants. Thus, whenever any of the power plants are in operation, the

water in the Inner Discharge Bay is almost entirely of offshore origin

rather than from inshore sources. The regression analysis confims the

earlier field and modelling studies (Carder et al .1973; Klausewitz 1973;

O
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Cottrell 1974) that documented the flushing of the Inner Discharge Bay

and the high flux of sediment to this basin. The slight positive regres-

sions found in the middle and outer bays indicate that at the observed

power plant pumping rates, these systems were not completely overwhelmed

by offshore water. Also, the negatlet intercept values indicate that the

Middle and Outer Control bays may have higher background salinity values

than the corresponding discharge bays.

Plankton Metabolism

Figure 26 presents the regression graphs of plankton gross productiv-

ity differential against power plant output. No significant effect on

this parameter attributable to power plant operation was detected. As
'

noted earlier, there was also no consistent stimulation or inhibition of

O ni #xte are8#ctiv4tr 8et ee #1 or t8e 84sc8 r9e e#8 co trei 8ers-

McKellar (1975) and Smith (1976) found similar results for phytoplankton

productivity during their studies in the discharge bays prior to the

start-up of Unit 3.

The linear regression analysis in Figure 26 is not designed to detect

possible seasonal patterns of stimulation or inhibition in plankton gross

productivity, so average seasonal means tnroughout the study period have

bee.n computed and are presented in Table 1. Seasonal effects were found

in the Inner Discharge Bay where plankton gross productivity was signifi-

cantly enhanced during the spring season and significantly inhibited

during the warm sumer months.

O
,

i
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Table 1. Differential plankton gross productivity data between dis-
D(V charge and control bays at Crystal River, Florida, during

the period 1977-1981. Values are means two standard
errors (n = 147).

Season

Bay Winter Spring Sumer Fall

Inner -0.01 0.10 0.45 0.38 -1.07 0.48 -0.04 0.16

Middle -0.07 0.08 0.14 2 0.62 0.01 2 0.60 0.18 0.40

Outer -0.19 0.27 0.25 0.88 0.58 : 0.67 -0.21 0.42

r~T
U

nv
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_
System Metabolism

(--' The regression of differential system gross productivity data on

power output is displayed in Figure 27. Although confirming that system

gross productivity was consistently lower in the Inner Discharge Bay than

in the Inner Control Bay, and consistently higher in the Middle Discharge

Bay relative to its control, the regression analysis found only a slight

negative relationship with power plant output. No effect of power plant

operation was visible in the gross productivity data for the outer bays.

The possibility of seasonal effects on system gross productivity was

also investigated. The 4-year seasonal means of these delta values are

summarized in Table 2. Average inhibition of system metabolism in the

Inner Discharge Bay incred:,ed from -1.3 to -6.2 g 0 m-2.d-1 between the2

winter and sumer seasons. The stimulation observed in the Middle Dis-

charge Bay occurred during the cooler seasons and was not significant

O during sumer.

Marsh Metabolism

Gross productivity differential between discharge and control marsh

sites is plotted versus power output in Figure 28. Juncus gross produc-

tivity was not significantly affected by power output in the Discharge

Marsh, but Spartina productivity did show significant inhibition. The

night respiration differential analysis between discharge and control

marshes is presented in Figure 29. Night respiration of both species was

significantly inhibited by increasing power plant output.
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Table 2. Differential system gross productivity data between dis-
O. c" r9e #d co#troi 6 >s t cr>>t i a4ver. rier48 . dori"9the period 1977-1981. Values are means t two standard

1 errors (n = 168).

t

Season

Bay Winter Spring Summer Fall
l

Inner -1.28 0.30 -2.70 0.70 -6.16 0.88 -3.02 0.85|
j Middle 0.67 0.40 1.69 0.58 0.75 2 0.94 0.89 0.71
1
'

Outer 0.56 0.45 0.20 2 0.80 -0.09 i 1.09 -0.10 2 0.76
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Additional Effects of Unit 3

The graphs presented in the preceding section are useful in detennin-

ing the average impact of the additional capacity of Unit 3 at Crystal

River. All of the points on Figures 23 to 29 where power output was above

500,000 MWH per month, were the result of the additional output of Unit 3.

If a vertical line is drawn on chose graphs at the 500,000 MWH per month

output value, changes occurring to the right of this line can be attrib-

uted to the additional capacity of Unit 3.

For water temperature (Fig. 23), this additional power output result-

ed in an average additional temperature rise of approximately 2*C between

the Inner Discharge and Control bays, resulting in combined AT's as high

as 9.6*C during Unit 3 operation.

The operation of Unit 3 had no significant additional impact on

O i4 4tv. 149 t ext 4 ctio#. er nie#xtee 9ress pred#ctivitx < i es 4 the8

Inner Discharge Bay, and slightly increased salinity and light extinction

levels in the middle and outer bays relative to their controls (Figs.

24-26).

The average inhibitory effect of Unit 3 operation on system gross

productivity in the Inner and Middle Discharge Bays was approximately 1 g

0 m-2.d-1 This represents from one-fourth to one-half of2

the total average system gross productivity remaining in these systems.

Unit 3 operation reduced the average Spartina gross productivity by

nearly 2 g C m-2.d-1 (Fig. 28). This reduction is nearly 50% of

the average gross productivity in the Spartina Discharge Marsh.

In their analysis of the Crystal River estuarine data presented in

this report, Benkert and Lucas (in prep.) documented a significant corre-

O.

. .
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lation between water temperature and metabolism. Figures 30 and 31, which

are borrowed from that report, illustrate the decline in systen and plank-

ton gross productivity at temperatures above 32 C. This finding has crit-

ical importance in interpreting the effect of additional heated water dis-

charge to these estuarine systems. As long as the temperature of water in

the discharge area is less than 32*C, gross metabolism is enhanced by

power plant operation. But, when water teinperatures are naturally highest

during the sumer season due to high insolation, the estuarine ecosystems

respond to additional thermal loading by decreases in metabolism. The

sumer outages for Unit 3 during the last 3 years of this study may have

prevented even greater metabolism decreases in the Inner Discharge Bay

than those documented in this report. During the one summer season when

Unit 3 had significant power output (1977), record lows for plankton

(Figs. 7 and 8) and system (Figs.10 and 11) productivity were recorded in

this bay. This inhibitory effect of Unit 3 summer operation was apparent-

ly limited to the Inner Discharge Bay, covering an area of approximately

100 hectares (250 acres).

Estuarine and Marsh Adaptations

Adaptations by the estuarine comunities to the new physical regimes

caused by the addition of Unit 3 were expected to occur during the long

time span of this study (Odum et al.1974). However, no recovery of the

heavily impacted Inner Discharge Bay system was observed. In fact, system

gross productivity (Fig.10) and respiration (Fig.12) for these bays

gradually decreased during the last 3 years of study. Enhanced metabolism

in the Middle Discharge Bay relative to its control may have been a physi-

O
'
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Figure 31. Response of plankton gross productivity to water temperature for the Inner and Middle Bays
(from Benkert and Lucas in prep.).
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. cal response to higher temperatures or an adaptation through changes in

species dominance.

It is interesting to note that water temperatures above 32*C were

never recorded in the control bays during the course of this study and

that this temperature appeared to be a critical metabolism maxima as dis-

cussed in the previous section. This connection leads to the interesting

speculation that local producer populations at Crystal River may not con-

tain species that are adapted for high productivity at high water tempera-

tures, if indeed such species do exist elsrwhere. In fact, Thorhaug

(1974), working in a south Florida estuary, noted biomass maxima for

several marine macrophytes and macroalgae at 31'C and senescence and death

above 32*C.

If any adaptations did occur, they must have occurred soon after the

start-up of Unit 3. It is likely that even to maintain reduced metabolism

levels, the impacted estuarine systems had undergone some morphological

and taxonomic adaptations to the new regimes. Fcr example, in the Inner

Discharge Bay, the planktonic community replaced the benthic comunity as

the dominant component in system metabolism as compared to the preopera-

tional period studied by Smith (1976). An adaptation phenomena was better

documented for the Spartina and Juncus salt marsh ecosystems. Although

metabolism of these systems was not consistently altered due to treatment,

obvious morphological differences were found between the discharge and

control sites. For both marsh plant species, the predominant growth form

changed to greater numbers of shoots and smaller size per shoot in the

discharge marshes compared to the control marshes. This apparent adapta-

tion resulted in similar total biomass and system metabolism between the

two treatment areas.
O
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CONCLUSIONS

1. Power plant operation near Crystal River, Florida, significantly in-

creased temperature, salinity, and turbidity of inshore bay systems

during the 4 years of study.

2. Planktonic productivity and respiration were neither consistently stim-

ulated nor inhibited by power plant operation, although seasonal inhib-

ition of plankton gross productivity by water temperatures above 32*C

was observed.

3. A mixed response of system gross productivity to power plant operation

was observed in the estuarine bays. The Inner Discharge Bay productiv-b)
ity was consistently lower compared to its control, with greatest in-v

hibition during the sumer months when water temperatures were above

32*C. On the other hand, in the cooler Middle Discharge Bay system

productivity was generally enhanced compared to its control bay. The

Outer Discharge Bay was more productive than its control during the

colder months.

4. System net productivity and respiration were reduced in the Inner Dis-
~

charge Bay compared to its control bay.

5. Live plant weight, Uca burrow density, and salt marsh gross productiv-

ity, net productivity, and respiration were not consistently altered

between discharge and control Spartina and Juncus sites, although sig-

nificant seasonal shifts were observed in timing of productivity.

O
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6. Linear regression analysis indicated that increased power output from

the three units at Crystal River significantly reduced Spartina gross

productivity and night respiration and Juncus night respiration of the

discharge marshes compared to their controls.

7. The primary effect of the addition of Unit 3 was the occurrence of

stressful temperatures in the Inner Discharge Bay during the warmer

months with some compensation through stimulation of metabolism during

the colder months. During the last 3 years of the 4-year study period,

Unit 3 supplied no appreciable output during May, June, and July.

8. TL overall detrimental effect of the three power plants on metabolism

of Crystal River estuarine and salt marsh ecosystems during the study

period (1977-1981) appears to have been limited to an area no larger

than the Inner Discharge Bay-100 hectares (250 acres).

O

O
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* 29 Mh10 21.7 25.4 2.42 9.44464Ti 7 M 1.41 1.6% 1. 77 .

2.29 4.2d 52 # 27. 4 13 .4 2.41 4.19807 4.9001 5 de M84 :PM 2.31 1.44 4. 0 2.%d
81 7 M 1.4 1.3% 0. A 2.12 1. 5 4.29 mit 27.3 23.8 2.13 4.im79 1.0851 3 43 M

82 PM 3.M 1.1d 2.33 1.36 1.03 4.35 hed D.3 24.1 2.83 6.hD35 4. Rho d 27 M

$3 FN 2.53 1.e4 1N 2.84 2.31 0.35 %3D R.1 24.9 2.27 6.23De 1.Deh 4 M M

8% WM 1.4 1.11 4.31 6."5 9.41 4. h $303 32.4 28.1 1.M 6.11143 4. A11 4 83 M

83 FM e.N 4 to 4.M 1.h2 -4.13 1.33 %3di E.1 21.5 1.M 6.4DM 1.8375 4 84 M

dd W M 2.11 1. % 4.77 2.2d 1.47 9.31 he00 h.3 27.9 2.46 4.23142 0.8Di 1 27 N

87 IBM 2.2 1.H 0. A 2. *,4 2.82 4. h 4703 h.6 18.9 2.61 4.22H2 e.Med 7 30 M .

De 15M 1.3 9 di 8.?! 3.ht 2.92 4.53 3914 E.8 27.4 1.79 0.18M2 2.3006 7 77 M |

M 2n 1.x e er 6.m s.u 5.61 e.u Da n.i u.9 1.a e.tuse 3.742s 7 81 M

90 MM 3.40 2.18 4.82 9.74 6.35 4.21 32d2 h.9 27.h 4.3487 6.25D 8 19 M

il 2M 1.11 9.%) 4.40 1.7 1.13 4.22 XM h.d 27.h 4.140ed 1.2h2 8 23 M

12 MM 3.13 3.63 2.10 2.06 1. 71 6.3 %24 32.2 27.4 . 9.44M4 6.4631 9 di N

13 2M %.31 2.30 2.13 2.7 1.it e.45 4506 31.1 27.8 2.83 4.44034 4.3235 8 43 M

9% NM 1.D -4 64 1.39 1.M 1.M 6.41 35d2 E.1 27.4 1.31 4.1%H3 1.3h 1 27 N

13 SUN 1.18 -4.21 1.E 2.M 1.14 1. M 2h3 E.4 18.5 1.M 4.14111 1.85M i 30 N

4 2M 2.27 4.47 1.00 0.5 6.3 6.13 2000 h.4 20.6 2.27 6.45207 4.22%7 9 TT M

97 TAM 3.61 1.13 1.it 1.79 1.20 e.30 %M3 E.4 24.2 2.# 0.29064 6.3RR 10 14 N
90 FAM 3.% 1.87 2.ti 2.24 1.M 0.27 351 21.1 24.3 2.27 4.41482 6.373d 16 M M
M fem 3.> 1.11 2.%3 1.26 1.01 6.11 3000 N.2 28.8 2.83 6.%iti% 4.D90 16 41 M

1H faM 3.23 1.00 2.15 1.fr 1.8T 4.60 2e12 30.3 M.3 . 6.40%d 6.5?M 14 43 M
141 fem 3.82 1.01 2.TF 6. 8 4.3d 6.2% 2213 28.4 21.4 2.83 4.88%7 0.1371 11 1 M

20M 24.2 21.7 1.M 4.%2127 . u le M142 FAM 3.te 1.83 1.25 .

4.14 6.36 2415 22.3 3 .8 0.8M13 0.1%9 11 31 M143 f4M 5.% 2.92 2.32 1.N
10% TAM F.2d 3.M 3N 4.48 4.se 4.18 2dE 29.4 29.3 . 1.MfW 4.135e 11 57 M
199 TAM 2.21 1. A 4.3F 4.31 0.11 0.1% 30T1 u.8 20.9 3.46 6.25T21 9.1413 11 M M

23m 14.9 20.4 4.%A191 , 12 3 M144 FAM 2.42 1.14 1.M .

0.08 6.12 40 24.2 21.1 0.20%e4 6.het 12 40 M167 fan 6.30 6.30 4.12 0.17
1et FAM e.M 9.11 4.00 4.11 0.F1 4.00 21 25.3 M.4 . 4.32 % 4 3.73d8 12 32 M
toi Ett 4.9F t.35 4.42 4.61 -4. M 4.12 44 M.6 11.3 1.39 4.48135 4.63M 1 13 te
lit Ett 4.T1 8.44 0.25 4.41 -4.02 2351 14.4 27.4 2.2% 4.12004 0.0202 1 14 86

A tu Em 2.. ..w 2.n ..u eu ..a tE. n.1 a.s ..dmu ..Mu 1 58 M
. 22 6a .. a uu n.3 a.8 . . .m. . . .o 1 a Mv lu Em 2.m

1.u .1.u9.u .. ME M.4 v.1 i.w . . .us. 2 % Mtu Em . .u ..

11% Ett 0.3B 0.53 4.M 3120 19.7 25.9 3.46 4.47051 . 2 7 to

US Ett 1.63 4.75 0. 2 4.% 6.2d 0.18 NT3 23.2 27.1 1,42 0.1M20 6.4272 2 71 to
114 EN 6.M e A 6.N t.98 4. 0) 4.45 21M 2%.% 24.3 . 4.13894 0.1143 2 82 to
117 Ett 0.82 682 0.00 E18 11.8 2%.4 1.4 0.98:11 3 24 to

.

118 E OS 0.59 6.39 4.46 9.14 4.46 9. 3d 2525 21.1 23.? 1.M 4.Mh? 1.2sti 1 29 to
111 E00 4.M e.44 4.3d 6.E 4.40 4.0% %1W 23.2 25.3 2.83 4.M2dh 4. 3 17 3 de M

124 Ett 1.W 642 4.2% 4.37 6.3T 4. M 3000 21.8 25.5 1.M 4.tehd 6.h4 3 71 M
121 3Pte 0.A 4.10 4.hd 0.43 6.33 0.14 21A 2%.2 2%.2 2.18 4.11722 0.90 % % 13 to
112 7 90 1.M 1.31 0.38 0.11 6.11 4.60 3125 2%.4 23.8 2.41 0.14731 4.0582 h 17 M
123 Pee 2.90 1.42 0. 3 4.41 4.85 4.48 4d00 2%.2 23.1 . 9.173/2 4.hd30 % de 80

12% IPte 1.M e M 6.20 1.36 1.20 4.02 3510 25.6 23.2 2.83 0.12182 1.1127 % 43 to

123 7 00 2.43 1.11 6.32 1.%6 1.11 0.27 3251 24.2 21.4 2.27 0.1>03 6,Het 5 le to
124 7 90 2.15 1.91 4.75 2.71 2.4 4.J2 3125 24.8 21.1 6.2164 3 1.0e73 5 13 M
127 7 90 2.T3 1.17 9. 4 2.13 2.67 4.6d kiM 30.4 22.6 2.83 4.2 # 44 9.7962 5 32 M
128 7 00 3.1% 1.82 1.32 2.52 2. 4 4.0% INT 30.% 22.4 2.83 4.Ree) 0.0025 3 35 14
121 :Pse 3.4 1.M 1,44 2.43 1.30 e.15 k5%d 30.3 22.8 2.27 6.363:fd 4.5em $ M to
134 :Pte 2.% 1.70 1.2% 4.18 3.73 0.31 4902 21.3 23.0 3.he 6.2M94 1.3%d 4 3 to

131 7 00 1.8% 0.7% 1.10 2.2 2.44 0.12 31W 32.1 25.1 1.3d 0.1%Bi 1.3dd i 57 M
112 : Pee 2.13 2.93 4.88 3.T2 3.72 4.44 h148 32.3 13.4 1.42 6.2%581 1.2A4 4 de se
1D 780 1.A t.M 4.4 1.8% 1.41 4.35 D03 30.5 19.7 2.13 0.254% 1.1429 4 M M
13% tute %.0% 2.30 1.hd %.3d %. * 4.12 &# X.9 20.4 2.22 0.2*559 1.129? T 3 #

133 2 00 1.03 0.37 4.%d 1.9 1. # 4.22 Saes D.4 22.3 1.M 4.08239 1.8W7 7 33 to

tu $500 1.22 4.31 4.11 1.4 1.W t.M 4819 D.% 22.2 1.42 4.12t42 1. 2 15 1 $8 83
137 ! age 1.M e 17 4.12 1.14 4.11 4.27 P38 h.4 21.1 1.42 6.u492 1.0824 8 it et

DS 200 1.45 4.%2 1.63 1.7 4.4 4.M %72% D.i 21.1 2.27 4.12278 9.9mt 8 13 90

1N tust 1.87 1.1% 0.73 1.D 1.te 4.33 wh2 h.4 21.0 1.31 6.14t39 9.7112 8 32 to

140 1500 1.% 0.h 0.de 1.29 1.28 0.00 %?M 35.3 23.8 1.3 6 12232 e teR 8 SS to

141 Sto 1.hd 4.37 4.M t.M 4 57 4.22 k573 h.5 14.4 2.27 0.12743 4.%u 8 9% M

1%2 st's 6.7% 6.41 0.25 9.41 4 63 6.W %MT 35.4 27.1 2.00 4 64732 4.4351 8 97 G8

1%) 2 80 2.6 0 ft 1.M 1.47 1.# 4.41 W75 32.1 21.1 1.35 9.2At3 4 4200 i he M

1%% 3500 1.05 4 et 9.17 6. # t.31 0.3d 3d92 h 1 M.? 2.te 4.u314 4.82nd i %) se

1%3 1800 2.57 1.31 1.2d e.4 4 71 4.25 3267 35.2 29.4 1.44 e.32635 6 3735 i 94 M

O 144 2 00 1.d4 1.31 9.15 4.4T 4. h e. 21 3643 3dT 30.1 1.29 e .18127 6 JN5 9 il M

147 fate 4.9 4.49 0.M 1.18 8.13 0.25 3#8 31.1 27.4 1.M t .16438 1.20%1 16 48 M

144 fece 1.26 4.4% 0.54 1.v% 6 %d e 58 DP B.3 27.1 e ik311 e 840 16 32 M
141 FA00 4.kl 6.47 0.00 6.22 6 h5 f.97 2228 30.1 24.4 6.09%18 1 toA to M M
134 fate 9.13 0.13 0.00 0.73 0.21 6.W k143 21.% 24 8 4 etw1 g ada 11 3 le

_ __



Inner Discharge Bay (A) 70-

38 M PC M E Met PLMM PUWtf INEE IDF IN. DTDET [[DLIrr .Tsu WM 04f M

in rese -4.14 -4.14 4.64 1.43 4 79 99% 1792 24.2 24.2 1.M -e.035714 16.18e u 47 to

O t32 rase e.n e.n a.81 t.n t.n e.27 2ui u.e u.9 1.s e.omar 2.In u n w
tu rue o.a e.a e.ee e.rs e. Si e.21 Jui a1 u.3 2.n e.sar55 t.za u 97 m
tw rase e.n e.n e.ee 1.* * sd + tt D.1 m.3 2.s 9.eu u n a
155 ra04 4.21 0.21 6.64 4.43 6. M 0.47 15F 2%.6 24.3 1.5 4.oShe52 2.M 12 52 N
154 Fate 0.04 -4.M 0.44 4.52 4.M e.23 22%9 D.d 25.8 -4.06711% -13.000 12 55 #
ISI W1 0.R 4.h 0.04 32 18.5 25.8 0.859142 1 13 at.

15I M1 0.N 4.43 0.33 _ 3142 17.4 24.1 4.M6142 1 14 M
IM ml 6.4 6.83 6.14 0.M 6. M 29m 13.4 24.3 4.13h449 4.cu 1 52 8
1m et 9.41 0.41 13.3 24.1 1 35 21
til M1 4.M 6.7% 0.R 4. 3 0.11 4A8 20.7 24.5 9.66372% 0.527 1 97 E
14 W1 0.m 4.48 . 19tl 20.5 24.8 0.04105 1 N 81
143 M1 4.8% 0.04 6.2% 0.17 0.07 2020 19.4 25.5 0.085 # 4 4.000 2 44 81.

1A et 9.41 6.41 0.23 e.M 4.1% bold 30.4 24.2 4.846735 4.54 2 $3 R
145 et 4.N 4.h 4.25 4.48 4. M 4.11 4721 20.2 25.7 4.44d054 4.50d 2 94 R
144 21 3.9 2.10 0.94 4.41 6.39 0.11 4331 21.2 N.h 4.2Mh2 6.1R 2 M M
10 m1 0. 3 -4.91 0.23 6.%2 6.35 0.61 2152 D.8 25.0 4.theM2 1.9M 3 42 81
14 et 4.53 0.53 . 0.52 4.52 520e 24.5 25.3 4.W749 4.981 3 45 E
141 El 1.87 1.43 0.2% 0.48 0.29 0.19 3575 19.7 24.3 1.5h 4.1A110 4.251 3 87 21
176 m1 1.s 1.%d 4.37 4.31 6.27 44% 44d2 29.7 2%.8 1.13 0.157914 6.149 3 94 E
171 3Ft1 3.00 2. 4 0.39 1.49 6.12 0.57 54th 3 .3 25.9 2.00 9.220424 4.W 4 33 81
172 US1 1.6F 4.8d 4.21 4415 29.1 24.3 1.2 0.471155 4 37 ft

O
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Inner Control Bay (E) 71

to! TIE N N E FUIWW M4M RMEE IEE TDr teL EXTIE7 IIRUT KULN STN MV ftAE

1 15U t.se 1.e8 4.32 SSM 30.3 3 .4 1.14 4.3N11 7 43 N

O 2 15U 4.90 1.M 3.e1 . 4750 21.1 23.9 1.29 4.%10th . 8 30 77
3 271 F.32 3.35 3.97 h.03 1.49 e.44 38M 2.0 22.1 1.14 9.77724 4.3JESA 8 T3 ??
4 15U 13.12 9.M 4.33 1.7% 1.27 e.47 323e 3.6 H.8 1.10 1.21739 0.1M296 8 TF 17
3 1877 13.12 F.12 d.60 2.M 1.30 1.to 43M 30.8 23.3 1.16 0.1W49 0.19 dad i 27 ??
4 WM 10.% 3.03 3.M 1.41 0.9% 4.49 Ad2 N.1 3.1 1.00 0.47119 4.1%MW 9 G ??
? WTF 8.M %.14 %.30 1.84 1.42 6.42 bMd 30.4 3.4 1.00 0.70732 0.21N1 9 # TF
8 FATF F.4 %. A 2.81 2.R 1.48 4.44 Shdd 3.8 23.0 1.14 4.3412 e.312%D 14 3 TF
9 NTT bd% 1.23 3.31 1.3 4.43 4.F3 32N 2.13.2 1.14 4.3419 0.2911R 14 F TF

10 NT1 4.122.803.2% 0.74 6.32 4.2% Ad2 18.4 20.3 1.80 6.37051 0.12%183 14 SF U
11 NT1 3.8 2.d4 3.29 0.33 0.21 4.2% d22F 18.3 20.4 e.# e.37578 4.c9e398 to # D
12 fen 4./2 1.% J.28 4.N 4.51 0.3F 241 29.5 N.3 4.90 0.4P4 6.184%1 11 3 U
13 NIF 3. # 1.7% 1.84 0.1% 0.14 0.00 %%1 M.F 21.3 4.4 4.3NS e.63eW9 11 4F 77
14 MTi 2.0 2.88 4.F3 4.M 0.2d 4.43 hDF 13.7 N.4 0.90 0.2 dent 4.142%F1 11 30 T7
13 NFF 3.51.112.10 0.21 4.20 0.01 241 17.8 23.0 4.90 0.30198 0.033118 11 W U
14 MTF 4.14 1.%d 3.M 6.% 0.2d 4 18 Nd M.3 21.4 6.90 4.33FM 4.092%31 11 M 77
U MTF 3.82.41.12 0.14 -4.e4 0.22 13.4 2%.4 0.44thhh 12 G H
18 MTT 3.21.132.02 4.2% 0.2% 0.66 13.0 21.4 4.673F14 12 '# D
11 E?S 4.5 0.h 9.31 4.1T 4.1% 0.01 139 9.0 22.4 1.42 2.1JEM 4.200000 2 3 78
20 E M e.72 4.2d 0.4d 0.40 9.24 0.1% 453 10.1 21.0 4.43574 0.353Rd 2 F TO
21 EM 2.31.221.64 4.M 8.N 9.00 1913 14.1 21.7 e.90030 e.DA91 2 # T4
22 EM 2.If 1.E 1.32 4.14 0.00 e.14 1358 H.1 22.3 e.845M t.053FM 2 H TG
23 E M 3.1% 1.85 1.21 1.M 1.M 4 ee 20 3 13.3 17.8 1.04 0.d1m 9.h?1R 3 13 79
2% E M 2.2 1.%d 1.00 4221 13.4 3.0 1.1 0.2%eM . 3 G 78.

23 EM 2.01 4.# 1.J4 4.A 4.37 0.0% 4404 17.3 20.0 1.M e.1823d 6.3eN1 3 W M
24 E78 2.40 1.h 1.e4 . 4MB 18.3 H.2 1.%2 0.2H03 3 4 M.

27 FM F.1F 3.83 3.3% 0.4 0.43 6.33 4381 24.3 H.2 1X 9.402d9 0.1335 4 23 79
28 PM F.02 2.h 4.48 6.M e.F2 0.1F h3M 24.0 H.2 1.3 4.4105T 4.U4781 4 27 78
21 F M 8.13 4.J1 4.4% 0.sh 9.13 0.11 3488 22.3 14.1 . 4.APH 0.Mdese 4 7% M
M PM 3.9 2.U 3.04 1.M 1.M 6.60 35 22.2 U.2 1.3 4.dF2M 6.18230 % N TO
31 F M b.46 2.M 1.31 1.38 9.81 0.47 MM 21.0 W.3 1.4 0.34A e.3med 3 27 79
32 779 3.M 1,42 2.37 2.A 1.31 1.10 2W 3.0 14.3 1.5 4.ShdM 0.4%131 3 30 78
33 F75 3.21 1.hr 3.7% 1.M 1.03 4.72 2dA 2d.3 13.4 1.M 4.78220 e.3h35M 3 # TI
3% 1P78 9.04 d.3 2.d4 2.4d 1.44 0.96 33M 2d.1 13.1 1.5 4. A41 6.27212% 3 M TG
33 1P79 d.A 3.04 3.M 2.42 1.43 4.97 42M D.e 17.1 1.17 e.421M 0.3d344 4 27 79
34 775 F.02 3.4 3.41 2.A 2.32 0.32 40M 30.1 W.% 1.13 4.69574 4.37mdB 4 30 it

O 37 778 9.00 h.M %.30 1.99 1.M 4.M %114 P.4 19.0 4.% 0.87%A 4.220000 4 U 70
M FM 8.13 4.46 3.49 2.00 1.4 9.3% 351 3.0 29.1 4.% 0.91088 c.2%334 4 # M
M 1578 F.9 4.3 3.64 1.30 2.3d 97% 300 N.2 18.3 1.13 4.83en 0.htsem F 23 M
40 275 8.3I 4. 5 3.37 3.32 2.4 e.37 41M 21.2 H.8 1.13 0.F43d 4.h23121 F 27 ft
41 WM 11.21 F.31 3.72 2.32 2.11 4.13 hem 3 .3 18.0 . 1.118U 8.29992 F M 18
h2 MM 9.13 3.M 3.3% 1.06 1.h4 4.44 37 % 3 .1 18.9 1.06 4.9Ad8 6.2032M F T3 70
43 M70 F.Td 4.14 3.38 1.M 1.34 0.h 35m 21.2 14.4 1.13 0.0012% 0.219072 8 U M
%4 MM 4.14 2.00 2.68 1.N 1.37 0.29 2302 R.% 14.9 1.M e. Tam 4.30eds 8 29 ft
h3 M75 9.33.064.13 1.30 1.14 9.34 47 4 X.% 3.4 1.90 0.U3d2 4.u2edd 8 93 78
bd 1879 10.9 d.22 %.11 1.73 1.33 0.29 47 4 E.3 21.3 1.90 0.91814 0.144110 8 W T8
%F 3578 9.10 2. # 4.30 2.21 2.0% 0.25 3311 R.4 a. . 1.1 1.03d7% 0.231M i M M
be IBM d.M 2.8d 3.0 2.00 2.92 0.04 JW 21.4 3.2 1.13 0.49004 0.364211 1 T3 78
bi Fe?O 8.3 3.M 4.49 1.01 4.87 0.1% 2972 2d.3 27.2 1.13 1.11%e 0.12141 16 3 78
30 feit 3.51 1.h? 2.9% 1.24 6.Fd 0.4% 300 24.4 20.7 1.3 0.3ddW 0.htme it 20 ft
31 N?O 4.M 1.4 2.?1 1.20 1.03 0.13 41M !!.7 21.2 1.5 0.43312 0.233X1 10 23 70
32 H M 3.40 2.31 3.43 1.3% 1.M e.45 322F D.2 28.1 1.1 4.4445 e.2031st le TF 78

t 33 N75 3.91.122.00 1.11 4.60 0.31 22.1 27.1 6.201011 11 37 TO
! 34 Fe?S %. % 2.13 2.31 1.38 1.34 0.te . 3 .7 27.4 1.21 0.3325d 11 he TO

33 N?S 4. 2 2.30 4.20 2.12 2.12 0.04 232 3.83.4 1.13 1.41 9 4 4.322188 11 W 78
'

! u nM t u 1.n 2.m 1.u -0.n 1.M 2M n.4 a.] 1.s .43A twa 11 w M
t u nM ta 1.* 1.1 0.M 4.u ..u trM a.8 3.4 0.4%. em9e= n 3. M

30 fe?S 3.04 1.31 1.47 4.30 e.38 4.60 27%3 14.4 2%.? 4.WD1 0.196759 12 33 TS
M N?t 2.33 1.44 1.07 4.32 e.M e.e2 2dd 13.4 3.3 0.30002 e 12N2 12 37 78
de EM 1.41 1.35 0.00 4.12 0.12 0.00 2dd2 10.1 23.8 4.21het 4.eeM14 1 11 19
41 EM 1.31 4.92 4.M 6.M -4.22 0.32 1773 12.4 2%.9 . 8.N20 0.198d/5 1 ' 24 T1
42 EM 2.00 0.06 1.1% 4 29 4.M 0.11 2000 11.8 23.0 1.M 4.30hd2 0.164000 1 N 11

| 43 E1M . 6.;4 e.h 4.04 322% 12.F 21.4 3.h6 1 80 N
A EM 2.11 1.M 1.73 4.27 4.2F $ 64 1750 14.F 11.9 1.3 4.4431% 0.092Mk 2 33 N
43 EM 2.854.911.1% 4.41 0.% 0.23 2922 14.2 23.0 4.5 4.b43m 4.324821 3 ? M
d4 E M 2.M 6.00 1.J4 0.91 8.8% o 67 240 17.3 22.4 1,42 9.2043 8.k21Md 3 14 M
47 EM 1.3 4.M 9.42 0.13 -0.22 e.32 IN U.h 2%.1 2.13 0.14 % 1 0.002M 3 57 79
de E M 1.To 1.11 0.37 1.13 1.13 0.00 % 17 17.? 2%.4 1.42 0.13M5 9.46146 3 # M

( di E M 3.72 2.be 1.32 0.3d 4.34 4 24 43B 21.0 21.6 1.2% 0.32824 4.1395 3 3 M M
10 PN 3.?! 2.35 1.14 6.M e it 4.29 41 0 22.2 H.? 1.3 0.33M2 4.183121 % 3 M

O T1 FM 2.30 1.M 1.01 0.00 0.37 0.43 34 3 24.4 22. 4 1.2 6.2748 6.3264e6 % 70 M
1 12 PM 4.37 3.20 1.27 1.11 1.11 0.64 33M 2%.23.2 6 51497 6 1 %2000 % T3 19
! T3 F M UI 2.% 1.7% 1.91 e.92 0.99 No 27.2 21.9 1.4 e.3*T 6.44812e 3 17 M

Tb IPM ?.54.763.21 . hit 27.3 20.3 4 92794 3 M M
T3 P N %.04 2.41 1.43 1.M 1 13 4.2d 3244 25.1 23.1 1.M e.3e722 e.hwest 3 et M

|
t
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Inner Control Bay (E) 72

m rzE n m i namn naism nma MIL W 1AL MM [2MTF mR8 SM MY EM

14 W M 2.2% 1.21 1.e3 1.41 1.41 e.de 5%?e 24 F 23.8 1.4 4.1G88 0.71875 3 43 79

O rr u n 8.n 2.u s.u 1.n 1.n ea nu n.1 n.% 1.n e.snn e.225a d n n
18 7 M 7.n 3.4 %.N 4.2d 3.h 8.12 43R M.4 23.3 1.3 e.71138 e.35253 4 34 19
11 2 M 3.H 1.35 2. A 3.a 2.82 4.82 De3 H.9 25.4 1.2d 0.43182 e.4614 4 83 M
to FM 4.75 2.73 2.e2 2.N 2.21 e.00 430 H.2 24.1 1.M e.h3500 e.4423 4 N M
c1 2n s.m d.n 3.3r 9.M 8.M 1.n un m.8 2s.g 1.n e. nee e. Mew r n n
82 IBM 1.2d 3.31 3.15 . 1.e4 47 3 30.3 24.3 1.TF e.n%1 i M N
n 2n s.n i.m 2.1s 3.41 4.a e.81 wu m.= n.d 1.m e.n>2 e.wsw r n n
8% WM 5.e5 2. 3 2.47 8.42 4.N 1.14 3330 M.e 22.8 1.4 e.deMF 1.30e12 ? 81 M
83 2 M F.G 3.33 %.08 2.25 1.43 e.77 32 4 M.3 22.3 1.13 e.0542 0.2sem 8 11 N
84 NM d.11 3.M I.le 3.2% 2.38 e.% 31M M 3 23.7 1.4 e.78167 4.32h2 8 D M
87 2 N 8.%1 %.41 %.04 2.F 1.51 4.84 42A 21.4 23.7 2.%3 0.19875 0 24181 I A N
te laN 8.44.43.47 2.1 1.7% 0.37 43ed M.9 23.0 1.2 e.?d320 0.2dNo 8 4 M
89 2N 3.13 1.M 3.44 1.1 0.M e 32 35d2 M.3 22.8 1.13 e.5?t33 e.2537 9 21 71
* 2n ta e.n 2.n 2.n t.u e.s3 m m.8 n.1 1.a e.um e.3ndr 5 * n
91 FAN 1.13 3.21 3.90 2.30 2.41 e.21 42d 25.3 22.2 1.4 e.dA01 e.32250 1e 14 M
92 FAM t.M 5.3 3.21 2.M 2.03 e.64 Na 24.2 22.7 1.4e e.94875 e.2%331 a 11 M
u ran i.n 1.n 2.w 1.u e.8s e.41 sus a.e u.3 t.M e.utB e.mn a A n
w ran 4.m 2.m 2.x 1.n t.n e.n 2a2 m.3 u.4 e. den e.nus a a n
95 FAM F.11 2.24 4.91 e.W e.92 e 67 2213 D.i 3.3 1.2MM e.13744 u ? M
94 fem d.e4 3.46 2.30 . . 28M 22.e 25.3 1.X 0.M181 11 le M
it fan 2.g 1.72 1.23 e. A -4. M e.%3 2%?0 13.3 28.1 0.47A1 e.11323 3 53 N
9e ran 4.w 2.a 1.71 e.m e.n e.1r rat u.1 n.7 . e. daw e.ase u n n
M ran 1.e 1.a e.m -4.m -4.m e.M wn u.s u.3 2.n e.rsrM -e une a w n

1M TAM 1.3d 1.u e.19 2330 11.e 20.1 4.2B4 12 3 11. .

1e1 FAM 3.# 1.2d 2.41 e.M e.00 0.M We 20.2 24.8 1.HMd e.e218e 12 4 N
a2 ran in e.a 2.39 e.a e.M e.u 2n u.) n.8 . 3.2aer e.ess3 u n n
to Em e.w e.m e.u e.m e.m m 12.2 u.2 1.u e.2nw 1.2*w 1 u a
tm Em 1.n e.n e.w -4.m -4.w un u.e u.g 1.w e.1na 4.es%t 1 u w
as Em IM 1.u 1.a e.n -4. n e.18 1me u.e a.* e.48mr e.ema 1 Se n
IN Ele 4.33 2.30 2.H e.14 -0.M e.23 2414 17.1 25.1 4.4444 e.e3M1 1 A H
17 E80 1.5 1.3I . 38 MI! le.e 25.3 0.1tB2 2 4 to
1M E08 1.M 4.M 1.M 312e 14.1 25.9 4.22 % 9 2 7 H.

1H Em 1.M 1.n e.rr e.w e.w e.u u n u.s n.r 1.u e.2mv e.2mn 2 n w
114 Ett 2.21 1.20 1.01 e.22 e.22 0.M 2139 18.8 11.8 1.13 4.42450 e.69M2 2 82 Be
u1 EIe 1.n 1.M e.2% e.J1 0.83 e.H 3818 18.2 20.1 1.h2 e.148M 0.542%e 3 24 M

O u2 EN 2.75 1..e 1.78 1.ZI 4.43 e.it 2325 20.2 18.4 1.00 4.%e%e e.%2%I 3 M 84
113 E00 1.ie e.R e.M 1.%3 1.e7 0.3d 41W 20.7 11.8 3.40 e.14d13 1.Jeose 3 3 H
11% EN 3.M 2.ef 1.43 6.A e.42 0.22 Sese 18.2 20.4 1.3 e.211R e.172TF 3 T1 to
113 20e 2.M e.n 1.38 e.M e.33 4.3% tish 22.3 18.3 1.4 e.38279 4.425m % U to
114 2 00 %.3F 3.4 1.e8 4.41 0.43 e.e. 3123 21.2 18.8 1.%) e.35dd8 0.1784 4 17 H
117 Pts 1.1 1.R e.04 4.n e .43 e.32 %d8 22.3 21.8 1.5 0.113N e.37252 % de to
118 7 00 2.% 1. 4 1.33 e.N 4.84 4.M 3550 R.3 22.2 1.E 4.3227 e.29252 % 43 to
us wm 4.w 2.n 1.53 e.n e.x e.37 s2R D.4 a.7 1.e e.ned e.1aa s a n
124 7 00 %. e 2.14 1.M 1.TT 1.50 e.27 3125 24.5 21.4 1.4 e.3122e e.%23e 5 13 to
tu ww 4.M 4.22 2.47 e.n e.re e.u uM r.8 a.4 1.n e.43nt ..new 3 n a
122 28. h.A 2.4 2.17 1.n 1.44 0.21 3MF D.3 11.1 1.4 e.5Mid 4. Rip S 35 84

tu ww 4.m tn 2.n e.m . .st ..n 4md u.r 18.4 1.w e.n2m e. usa s n u
'

12% 2 00 3.N 3.M 2.M 1.J1 1.00 e.77 Me2 24.8 11.8 1.4 e.4311 e.3%51 4 3 to
us wm 8.M us tr% e.* e.a e.n Siw m.8 u.3 e.M e.nnd e. uni 4 w n
124 Pee d.% 2.M %.13 1.H 1.4T e.e2 47 4 M.h 22.7 1.5 6 58221 0.21474 4 # 86
127 7 00 %.07 1. # 2.44 1.7% 1.M e.4% 2303 3.F 14.9 2.00 9.74498 4.h2752 4 M le
its See 1.X 3.11 2.20 2.34 2.22 4.1% 54 # 21.4 14.% 1.W 4.!M5 e.32255 7 3 84

| 121 20s 11.3e d.e1 3.21 2.M 1.54 4.5% Seed 30.3 11.2 1.3 4.9eM2 0.1H53 ? 35 to
in Nee 3.N 2.n t o 1.a t.N e.M w19 M.s 18.e tw e.5nn e.2Nw r Se u
U1 20e 3.% 2.35 1.M 1.79 1.27 e.43 N58 1 .3 17.1 1.5 e.41UI 4.431%7 8 le se
H2 280 ?.2e 1.31 3.40 2.M 1.43 c.41 h?2% 1 .1 11.8 1.4 e dMd3 6 28A1 8 0 to
1D 280 9.# 3.23 %.35 3.7. 2.41 4 89 %%2 M.? u.i 4% 0.8AW 4.3822 0 32 to
th 20e 9.N 3.M %.47 2.41 2.13 0 30 n?M 3r .d 18.1 1.3 e 82985 e.2dm7 I 35 to
US See 8.E %.%e 1.94 3.81 3.21 e.de % 575 21.4 23.1 1.?e 4.nMI 4.44531 8 % 84
Ud last 1.N % R 4.83 3.%8 2.N e.t9 %JU 29.8 23.4 1.M e.88790 e.35d54 8 91 84
1U 200 d.u 3.18 2.90 2.15 1.32 e.81 4675 3.e 25.7 1.le e.dedd 0.3%903 9 46 to
138 2 00 8.8T 4.A 4.43 1.46 1.44 e.54 3At 3 .2 24.1 1.03 e.9400 0.22M1 9 43 to
IN 200 8.M %.13 4.34 2.4 2.J5 e.4% 320T N.] 2%.1 1.3 1.030 0 e.35218 1 to H
144 Wee 7. 9 3.%1 %.31 3.M 2.31 e.Se 34 4 30.5 23.9 1.13 e 3 dud 0.19613 1 93 to
1%1 feet 3.13 3.M 1.35 1. N e.7% 0.3% 308 23.4 24.7 e.5mo9 e.20ATI le W to
142 f400 10.77 4.4 4.14 e.M e.t? e.42 33m 2%.3 24.1 1.29%%% e.M192 le 32 to
143 f400 8.e 3.u 3.7% e.d e.A 0.01 2220 D.e 2%.1 1.06 1.5995 4.ene3 le M to
1% Thee 4.72 3.35 3.37 0.86 4. A e.22 4143 21.2 23.2 0.81/k5 e 44042 u 3 to

; 1%S f400 3.4T 3 H 2.h? 2.11 1.10 1.01 1N2 11.4 25. 8 1.17 1.229 4 e.neeF 11 47 le

O 144 fees 4.e1 1.Se 2.31 2.1% 1.11 1.43 2443 20.2 24.5 1.3 6.de2D e.5Da 11 54 84
147 T440 2.1% 1.M e.33 e.W 64 e #3 3#1 14.4 2%. 4 1.M e.23n2 e.18M2 11 97 to

,

1%4 THe 2.9 2.n e.29 0.3 s.28 e.le 14.1 2%. 3 e.127M u W 8e

! 149 (400 2.12 1.h 1.34 4.%2 e.42 e to 15N u.1 23.3 4.9 4.73992 e 1430% 12 32 to
1H face 3.03 2.74 2.27 .4 4 11 6.30 24 13 8 22. ? 1.17 8.eMJ2 e 4e131 12 75 le'

/



Inner Control Bay (E)
73

R: rim es m a amse. nuou nums am rte la (Enct teaur ptvtu era m um

131 Em 1.D 4.W t.JB 4.22 -4 et e.21 3d31 11.2 23.9 0.144001 0.1NN 1 13 81
132 ER 1.47 0.4 4.?! . 3142 14.0 24.1 . 4.111239 . 1 14 810 133 En 1.> 1.0 4.41 * 0.X* 8.23 0.00 MA 9.7 2J 1 1.M 4'.234852 4.idW8 't 52 ' 81
13% Ett 2.75 1.80 0.4 . F. 3 23.8 1. 2 . 1 35 81,,

133 ER 2.27 1.3 4.M 4.2d -4.42 4.48 4d45 12.8 23.8 0.11%N 4.114537 1 97 81
134 EN 1.77 1.00 6.12 M93 13.1 23.4 9. R 6.177Et . 1 4 81
137 Ett 9.3 4.21 . 4.66 4.01 0.00 2820 11.% 23.1 2.12 0.02T/81 6.18371% 2 W $1
130 En 1.46 4. # 0.80 . w24 13.2 2%.4 3.40 0.13%W . 2 53 81
139 EM 2.8f 1.02 1.90 0.45 4.21 0.2% 4727 17.4 2%.9 0.11MD 0.222772 2 4 81
164 Ett 3.9 2.11 3.92 6. 5 4. h 0.24 45M 18.3 23.3 0.323563 0.M7tes 2 19 81
M1 Ett 2.de 1.13 1.47 4. % 4. M 4.83 2132 M.3 2%.9 0.443271 4.M92R 3 42 81
M2 EM %. A 2.9 2.14 6.h1 4.35 0.12 3206 U.h 24.3 1.13 0.354923 0.1812 0 3 43 81
M3 EN 3.2 2.62 1.29 4. % 4.13 0.2t ?!?S 18.4 21.9 1.13 4.21Mi 4.1329E 3 87 81
14% E81 1.83 1.37 4.2d 4. 5 9. h 9.24 46d2 19.6 21.6 1.ed 4.13791% 0.Ed9he ] # 81
143 3 Pet 3.4 2.00 1.45 1.30 0.21 1.M swa 22.1 22.0 1.21 0.22D1e e.Nes12 % 31 81
144 3P81 3.A 3.20 2.1% 4013 23.J 21.2 0. % 0.333112 % N 81
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Middle Discharge Bay (B) 74

082 TIE M M t PimIPC MEPW Pleast D11 fter IAL [HDCT IC2Fi KOLN WIN CM U

1 SP71 4.1% 2.43 1. A 2.M 2.27 0. d3 23.1 2% .3 1.42 4.49067 4 21 17

O 2 2n 10.3 4.% 3.4 2.M e.21 2.20 33.4 29.3 1.13 e 23ee) 6 7 77

3 35n 1.20 -0.30 1.38 . e ?S %200 33.3 3 .7 1.N e.11421 ? 3 ??
% 2 77 8.37 %.00 3.M 1.31 -1. 3 2.91 Nee N.1 H 4 1.16 6.%d324 6.17933 7 7 U

3 1871 3.20 1.83 3.%3 1.N 0.21 1.49 33F4 33.1 21.4 6.4 e.Ph1 4.Jh2R 7 k) ??

4 NTT e.?S -e.40 1.23 2.48 1.01 1.0 %?te R.3 29.7 1.30 4.ed274 1.37D3 8 U
F 271 1.02 %.14 4.8d 3.84 3.11 0.71 3?e 21.7 24.1 1.40 4.UDe e.A323 8 3 17

I WN 3.04 2.45 2 R 1.J9 1.1% 0.h #M h.o 30.9 1.20 6.3h31 0.273N 8 3 ??
9 WTF 8.01 3.23 3.44 4.A 4.04 6.G Sne 21.7 23.1 1.10 e.03H 4.twA 8 ? ??

to 277 3,4 1.98 2.00 3.4% 2X 4.U ## D.i X.3 1.40 4.2%241 4.em32 1 3 77

11 1577 8.33 %.47 3.ad 2.1 1. R 4.34 AF9 R.4 29.7 1.30 4.2862 4.27e01 1 7 U
12 Ign 4.11 %.14 2.13 2.hl 2.N 4.03 WW h.9 31.3 1.36 6.38 0s 6.33422 9 7 77

13 TATF d.H 3.12 3.67 f.53 4.42 0.U 5%dd H.1 34.4 1.30 0.43N0 e.844 to 3 77

14 TATT 3.E 2. A 3.9 3.51 3.20 0.0 3238 32.4 34.4 1.30 4.%3d8 4.dM21 to 7 ??

13 F477 3.11 2.11 2.92 1.00 1.%1 4. N A62 23.7 27.5 1.20 4.31G1 4.33223 to 57 77
14 far? 3.% 1.71 1.73 2.12 1. TT 4. 35 422? 23.1 26.1 1.10 4.22M7 e.41428 le de TF
17 FATT 3.2% 1.% 1.40 2.30 1.80 e.M 29d1 24.3 N.7 1.40 4.43749 6.NGe 11 3 ??
18 fan 1.4 1.13 4.85 1.2% 4. 4 4.23 het 18.4 M.% 1.24 0.178h e.42424 11 % U
19 FA?/ 2.%1 1.43 e.4 6.M e.A 4.3 hh? 21.4 M.4 1.40 4.22114 6.39th 11 3 TF

to FATT 3.N 1.30 1.a 1.06 4.8% e.2% 241 23.1 23.3 1.10 e.n45 0.332% 11 W 77
21 f477 2.% 1.25 1.N 1.3d 1.18 4.3 M4 2% 8 23.5 1.14 0.28571 4.4Rh 11 M 77
22 T471 3.3 2.29 1.00 1.11 0.82 4.3e H.9 27.8 1.40 e.3Mh1 12 43 17
23 TA?? 2.2 2.16 6.30 4.'id 4 81 0.13 21.3 28.6 e.U . o.33821 12 di 77
24 EM e.4 0.04 4. 0 4.N 4 %1 6.14 1M 12.8 21.3 1.21 2 3Md2 6.4129e 2 3 M
23 E70 1.nl 6.3% 0.4 6.77 6.E 4.JB W3 12.1 23.7 1.29801 0.3231 2 7 it,

24 E70 1.A 1.43 4.M 1.42 1.hd 0.3d 1M3 17.4 24.4 1.40 e.G9d8 1.1Did 2 de 18
27 EDI 3.M 1.81 1.79 4.N 4.37 8.00 15 14.6 23.8 1.5 1.c3G 0.13077 2 43 18
28 EDI 1.42 1.33 4.M 1.38 1.R 4.21 2408 17.7 20.0 1.42 0. 3 888 1.112A 3 13 18
21 EM 3.0 2.47 1.14 . . 4221 17.1 11.1 1.N 4.h]M 3 43 M
30 E78 2.2 0.13 1.R 1.77 1.37 e.20 584 18.1 11.5 1.M 6.21072 6.Td20 3 W M
H EM 3.41 1.3% 1.87 2.14 1.M 0. 4 W H.8 13.1 1.M 6.312e 4.42731 3 M M
32 778 %.32 2.41 2.43 3.2% 2.42 4.82 hatt 23.1 18.1 2.43 4.klelt 4.71a1 % 23 78
33 775 4.3e 3.2% 3.N 3.79 1.11 0. 8 WM 24.4 17.9 2.%3 4.h?4 0.44131 % 27 M
M 775 4.4 4.02 3.dd 3.h 2.77 e.hr 3%e8 24.3 24.4 1.h2 e.42722 4.30200 4 T3 78
15 778 d.2d 3.00 1.18 2.St 2. A 4.21 351 2%.3 21.2 1.%8 4.M313 4.n30%7 % 77 ft
34 778 8.11 3.3% 2.N d.% 4.37 4.3d H2% 3.3 22.1 1.31 4.aget e.83373 3 27 78

O U WM 3.33 1.it 3.3d d.de 3.W e.?2 2121 21.8 21.4 1.3d 4.7241 1.23J28 3 30 78
M FM 3.3 1.33 2.H 2.nd 2.40 e.nd 2dA 20.1 H.8 1.33 4.36731 4.72781 3 # 18
E 775 8.B 3..h 2.M 2.42 2.22 4.ne SIM 20.1 11.4 1.42 0.34R e.31451 3 ?e M
44 IP70 F.18 %.33 2.H 3.11 %.N 4.82 4278 32.8 22.8 1.W o.#1h 4.722s4 4 !? 78

41 FM 3.00 2.43 3.P d.:|0 d.21 6.M 4eN 32.8 23.4 1.5 e.3743 1.10006 6 M 18
%2 778 14.A 4.93 3. A 2.3 2.02 0.P k114 P.4 2%.2 1.3d 1.thet 0.22%d2 4 U 18
%1 SP78 3.N 3.27 2.32 %.N 4 41 0. M 351 30.2 24.1 1.13 4. A221 6.739r1 4 08 18
% W?g 3.M 1.31 2.39 3.54 3.32 4.M NN 3.1 21.3 1.42 t.39478 4.97 5 ? 23 78
%S WM 3.N 3.21 2. 2 1.80 1.38 4.h2 41M X.1 21.3 13 0.36 4 e.3e?!? 7 27 78
44 SEM 8.2d 3.22 3.8% 3.1% %. A o.34 48N 36.1 2%1 1.31 4.81863 4.42228 7 M 78
%7 IBM 4.V %.08 2.M %.2% 3.4 4.31 3F% 31.0 23.2 1.2? 4.7hek 4.44932 7 73 70
40 3578 d.22 1.48 %.h 2.11 1.81 0.30 37% 3.3 22.7 1.%! 8. A223 0.33921 8 17 78
49 WM 1.N 1.47 2. 3 1,38 1.nd 4.12 23e2 E.4 22.8 1.N 4.41331 4.41039 8 20 ft
34 3M 8.00 %.03 4.00 3.44 2.4 e.Se %N2 h.e 23.h 1.E 4.#411 4.h3De 8 9 78
31 3B?g 4.5e 3.17 2.33 %.3 %.13 4.23 %N2 B.8 23.1 1.13 6.3WM 4.4733 8 W 78
32 IBM d.42 2.43 3.N 2.21 2.1% e.11 3511 E.2 2'.1 1.21 0.13142 0.33047 9 74 it
33 2 ?O 1.90 1.73 2.U 1.7% 1.M 4.23 Jud 30.7 14.5 1.21 4.3Wh 4.%413 i T3 78
3% TA?e 9.12 %.39 %.33 1. A 1.3e 6.1% 292 3e.1 3e.1 1.%2 1.227%d 0.1NB2 le 3 78
33 fe?S F. A %.03 3.41 2.49 2.4% 0.4 N3e 36.4 21.9 1.%2 e.NN1 e.332e9 le 20 79
34 FA?O t.47 %.43 3.82 1.38 1.21 0.29 41M 27.4 21.7 1.31 4.81435 e.1843% 14 23 78
37 Talt 1.43 1.43 1.30 1.% 1.4 6.4d 322f 20.1 20.7 1.40 4.%27A e 33362 le ?? 18
38 FA?O 1.9 3.3% %.%3 3.7 3.00 e.N !?.4 28.4 1.4 6.33001 11 N 19
Si FA?O 8.4 4.3% %.1 k.41 3.44 4.N 27.1 18.7 1 %2 4.%d39e 11 44 78
de Fe?% 3.M 2.43 3.1% 3.f0 2.30 4.38 2302 27.% 18.2 1.4 0.12N4 4.31%d 11 V 19
41 T4?O 3.5 2.27 3. 3 . . 1he 27.3 27.1 1.5 6.43e3 11 M 78
42 f4?O 3.33 2.4% 3.M 4.9 4.73 4.2d 17F3 N.9 23.4 1.21 1.2%d2e 4.1N#2 12 50 10
43 T478 3.M 2.17 1.32 4.TT 6. N 4.00 27k1 20.3 24.5 1.N 4.3004 0.22ed 12 33 it*

A fe?e 3.31 1.82 1.33 4.TT 4.13 e. e4 2463 H.7 24.7 1.3 e.363M e 12916 12 37 il
43 UN 2.a 1.30 1.13 1. # 4.% 0. N 2d42 14.h 27.0 1.J3 6.39024 4.3N36 1 1? N
44 EN 1.9 1.13 4.h 4.ft -e.41 . 92 1773 1%.h 27.3 0.we%3 e 23429 1 24 M
47 EN e.37 4.24 4. 8 4.13 6.83 4.12 2ees 18.3 24.5 1.28 e.47113 2.3057 1 77 M
de UN . . 1.39 1.31 0.00 3224 M.8 24.5 1.70 1 Se M
di EN %.D 1.H 2.3 1.42 1.25 4.37 1738 20.2 14 .3 1.3 4.9331% est 2 33 N
14 EN 2.9e 1.31 1.39 1.N 1.27 4.49 2022 11.1 2%.1 1.17 e.37341 e.4W9e 3 ? M
11 EN 2.N 1.11 1.45 2.!3 2.33 4.00 2ies 21,e 24.4 1.%2 4.37047 s.114 # 3 to MV n UN 2., 1.n 1. . 4.a .n 0. ee mi n.4 24.4 1.n 4.3e4 0. Din i u n
n UN 2.a 1.42 t.n e.v e 32 e= w17 n.3 23.2 1.N .2m 'Wu 3 a n
?% EN 3.3B 2.72 1.14 1.T3 1.22 6.31 %513 24.1 24.4 1.32 4.Ne24 0.31183 3 M N
73 SPN 3.42 3.17 2A3 1.Ts 1.22 e 34 k1U 24.4 24.4 1.3d e 33411 4.31473 4 1 M

__ _



75Middle Discharge Bay (B)

MS TIE M M E MGPC PUNIPE M EE IAS. TDIP thL 1HMT (CRIff PCARN PPmTu pet Ytet

O 14 WM 3.3 1.37 1.7% h.4 3.H 4.V 3G9 29.8 24.2 1.4 4.3044 1. A7% 4 16 N
?? :PM 1.M 4.44 1.11 %.11 %.3 0.00 JD6 20.8 24.4 1.M 6.17'i44 2.5m1 4 73 M
18 :PM 7.90 3.99 3.11 4.2% 3. 4 0. d2 hit 28.7 23.7 2.H 4.92449 4.33 0 3 17 N
19 :PM 9.# 4.41 4. M Att 20.1 24.3 2.M 1.03572 3 24 M.

to 7M 4.4 3.97 1. h 4.04 3. A 4.4% 32de 24.9 24.9 2.27 4.J3837 4.8030 3 de M
81 SPN h.42 2.63 1. M 4.5 3.73 6. m 2 70 24.3 24.7 2.27 0.29N7 1.6771 3 43 M
Of PM 7.29 3.3d 3.9 3.% 3. A 4.24 Ded H.3 23.1 1.21 4.83d1% 0. 2 83 4 27 M
83 FM I.11 3.91 4.14 3. H 3. s3 0.00 %334 E.d 24.1 1.M e.N34 4.71M 4 30 M
84 PM 8.W 4.44 3.M 2.39 1. 5 4. # 3303 E.7 27.4 1.11 0.413J4 9.3N 4 83 M
43 FM 2.N 1.44 1.14 3.# 2.81 e. N kMT 3.4 28.1 1.31 4.2D49 1.k13d 4 84 M
84 WM 9.49 3.11 3. 5 3.76 h. 78 1.00 % des B.3 27.3 1.M 4.01111 4.dM1 1 2F M
87 NM F.N 4.42 3.1% F.2 ?. M 4.m 4783 E.2 27.4 1.33 4.dwU 1.9103 7 30 M
80 WM 2.ed 1.31 0. 5 4.M %. 02 0.3d 3014 E.d 27.3 1.42 4.27323 2.2233 1 ?? M
M WM 3.N 3.48 2.40 8.35 8.M 8.hd 33 3 E.1 24.9 1.3d 6.d531 1.mh ? 81 N
90 MM 3.N 2.21 1.P 2.% 2.M e.33 3H2 D.? 27.7 2.13 4.k3BM 4.8212 8 19 N
91 2M d.73 3.71 2. % %. 81 4. N 4.%d EM N.4 20.0 1.2d 0.04921 4.n17 8 23 N
92 M M 11.4 3.82 3.M ?.44 3.13 1.M 48A 32.3 21.7 1.M 1.40084 4.mA 8 41 M
93 W M 11.M d.M 3.30 %.13 3.7 0. 74 Wed D.0 27.9 1.M 1.02003 0.3M3 0 43 M
% 50M 3.12 1.93 2.M 3. H 3.23 4. A 3H2 E.9 24.3 1.4 e.hhe29 4.Whi 9 27 N
93 EM 1.13 9.h 2.M 3.3 2.10 1.23 3R3 38.3 24.5 1.?e 9.Rh31 1.6793 9 30 N
W WM %.T1 1.90 2.M 2.18 9.47 1. G 2000 32.4 27.3 1.M 4.WW2 4.4he] 9 77 M
U (AM 3.3d 1.13 3.41 6. 72 0. 3 4.h7 48G 20.2 21.4 2.32 4 38293 0.1>3 10 14 M
90 ren 7.77 %.M 1.10 1.5 1.16 0.19 3701 3.6 22.F 2.20 6.82284 0.2314 1e 19 M
M fem 4.W 1.N 2.M 2.M 2.12 0.17 3000 B.2 28.9 2.00 4.M174 4.31%d 14 41 M

100 FAM 3.00 2.23 2. 5 2.w 1. W 0.4 3 12 3.2 M.d 1.35 0.718M 4.4732 it 43 M
141 fem 3.M 2.34 3.18 1.E e 4d 6. # 2213 29.1 M.4 1.33 1.43731 0.237 u ? M
102 fen h.M 3.29 1. 5 . 20F0 N.2 M.3 1.M 4.4402 . u 16 M
143 fem 3.20 3.M 4.19 6. 4 4. M t.23 2%N 3 .% 24.9 4.32%d 0.3MS u 31 M
104 fem d.13 2.23 3.N 4.81 4. M 4.2% 2det 21.9 21.4 . 6.9243 4.13h 11 37 M
103 fem 4.2 2.M 1.E 6.R 4.A 4.20 3ert 21.3 M.4 1.21 0.3439 e.1Md u M M
ted fem 3.N 2.93 2. 5 9.47 0.47 0.00 23N N.d 20.1 2.43 1.00013 0.0001 12 3 M
101 FAM 3.10 1.e4 2.02 0.4d 4.27 4.M We 23.8 M 3 1.2A31 4.1m 12 44 M
144 fem -4.2 -9.27 6.M 2.4 2.he 4.00 231 23.0 30.1 . 4.hdT33 -0.80M 12 32 M
149 EM 4.4 9.31 0. 1 4.M t.M 0.11 M 18.3 21.0 1.3F 0.3h34 4.ha? 1 13 to
ite Ett 4.F1 e.49 4.22 0.1% 0.13 0.01 2R 13.3 24.8 2.H 4.12004 4.1W2 1 14 to

O 111 E86 4.N 2.M 1.40 e.30 4.3I 4.20 1814 22.3 28.4 0.5 e.%MS 4.130 1 34 as
112 Ese 3.31 2.33 1.36 6.49 e.N 4.12 244 22.8 20.1 4.% 0.31223 0.1hd3 1 41 le
it] ESS 2.N 1.43 6.93 0.24 -0. H 6.42 342 17.4 17.4 2.D 4.2511 0.leW 2 % to
114 E80 h.13 2.27 1.N 4.4 4.2 e.33 X20 17.3 24.3 1.42 0.33203 0.13dd 2 7 80
113 E00 3.01 3.64 1. 4 1.M 4. 9 6.12 PT3 22.1 271 1.42 6.3311% 0.2174 2 M to
tid StIt 4.2 2.91 1.G 4.N 4.11 0.M 21M 22.7 N.4 1.17 0.MM 4.1233 2 82 te'

it? Ett 2.4 1.75 4.M 4.89 4M 4.14 EIS 19.4 2%.4 1.06 4.23648 4.heht 3 24 80
118 Ett 1.12 1.1% 0.5 1.%2 1.05 0.31 23N 20.T 24.0 1.2d 4.2 72% 4 e.8236 3 29 to
111 0I00 1.5 1.34 0. 4 e.M 0. M e.13 %14 23.2 23.0 2.43 0.18328 e.%27 3 48 80
124 Ele 2.37 1.% 0.G 4.M 9.80 0.00 3000 20.4 23.1 1.33 0.292M 4.25 3 11 to
121 SPte 3.92 1.43 1.E 4.33 6. 4 0.21 21m 2%.1 2%.2 1.80 4.3gt1 4.27%8 4 13 to
122 : Pts 3.2% 2.3d 4.5 e.R 6.43 0.31 3123 22.9 22.3 2.21 0.23298 4.1e4 % 17 06

, 113 3P90 4.0 2.83 1.78 2.11 1.M 4.%1 % DIE 23.4 22.4 1.M 4.46n? 4.hdh4 % 44 8e
' 12% : Pee 2.11 1.03 1.1% 1.71 1. n 4.00 350 23.3 21.1 1.M 6.2%h31 4.7500 4 il to

123 :Pte 3.29 1.93 1.4% 2.21 1. M 9.hd SIM 23.4 11.3 2.11 0.2382% 0. DIM 3 it 88
12d :Pte 4.4 1.2d 1.M 2.id 2. 4 - 4.31 3123 24.2 19.8 2.27 4.'B712 4.34d0 3 13 80
127 IPts 8.39 3.84 3.31 2.23 2.40 4.13 %1M 29.9 21.2 2.k1 4.88113 4.240 3 32 N
128 2 80 3.M 3.02 2.m 2.M 2.00 4. M INF 29.4 22.0 1.M 4. # 31 4 4.3676 3 33 M
129 3Pte 7.9B 3.% 4.0% 3.49 3.N 4. M hmi 19.] 22.3 1.M 0.79214 9.43A 3 4 8e
11e trio 4.2d 3.14 2.30 3. 0 3 14 8.47 49e2 20.3 22.7 3.40 0.31481 0.89 % 4 3 88
111 :Pte 8.M t.93 3.75 h.m 4 IS 6.43 314e 3 . 0 24.4 1.42 4. # 104 4.3287 4 37 80
132 :P90 3.8T 2.94 3.91 3. A 3.D 4.90 47 8 30.9 21.8 1.4 0.WAS 4.9M7 4 de #
1H : Pee 4.42 2.37 1. 4 4.4T 3.23 4.m Z303 29.3 11.3 2.93 0.6422 1.012% 4 4 to
th 200 F.M 3.22 2. 4 9.ZJ 8. G t.m Edi 30.9 11.3 2.23 4.3A11 1.19n T 3 es
133 3000 7.d4 4.e4 3.M 3.# 3.40 0.27 Seed 32.2 21.2 2.00 0.4124 7 4. Met T 33 80
1H 2006 4.4d 2.W 3.30 3.38 % sd 0. 4 heti 2.% n.T 2.11 4. A293 4 031% T 30 86
137 3000 d.13 2 % 3.M 3.M h.4 4.37 P30 32.1 10.3 2.40 9 4247 4.8230 8 10 De
118 2 00 4.8 3.9e 2.?S 3.32 1.33 1M V2% 32.9 M.4 1.78 4.34342 0.79A 8 13 to
1M 200 d.90 3.13 3.17 h. H 4. e1 0.33 4%2 II.2 22.4 1.21 4.421 % 0.4#9 8 32 Se
144 3500 3.23 2.1% 3.11 3.N 3.ho 0.14 47M h.4 22.8 1.11 4. % 593 4.6751 8 S3 90

1%1 200 d.35 3.31 1.0% 3.00 2. H 4.m 4373 2 .4 23.4 2.00 4.33319 9.472% 8 % 08

1%2 3000 3.81 3.64 2.T3 % 17 3.B 4. m kMF B.4 23.9 1.M 4.32th 4.nT7 8 U to
1%) 2 00 4.80 3.4 2.m 3.83 3.31 0.%2 4073 32.5 M.1 1.M e.d#h8 4 3779 9 he to
1%4 2 00 d.40 3.3d 3.M 1.le e.M t.32 3d5 R.9 24.9 1.2d 4.e ett 4 2914 9 43 80n

' 1%3 200 7.31 4.4% 2.# 2.94 1. M 0.93 3207 D.9 M.9 1.82 4.91114 6 3dee 9 90 se

1%d 280 3.9 3.31 2. 4 1.# 4.74 4.4 3dd3 h.I M.7 1.d4 e . Abd 4.2sid 9 13 se
I 1%7 fate F.13 3.3/ 3.78 2.N 2.31 0.27 3dit 28.8 21.1 1.k2 6.77740 4.3000 le 48 to

the fece 3.13 2.32 2.83 2.97 2.49 4.40 INb M.e 27.0 1.2d 6.41%19 e.37# to 32 to
| 1%i feet 1.11 1.11 e to 1.go 1.) 6.04 2228 M.h N.3 1.3d 0.21C43 1.144 le H to

134 face 0.N 484 4.00 41 4 21.4 24.1 1.M t.08251 11 3 ee

'
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at tw n M e ruwa aan amte last a m. urar conurr nwn muu ser u
,

151 feet 3. # 1.31 2.28 2.U 2.00 0.04 IM2 2%.4 24.1 1.21 4 8191 4 0.795A 11 h1 84
152 F400 1.91.160.87 2.09 1.78 0 31 244] 2%.7 24.3 1.W 0.215907 1.edM1 11 50 to
ID F400 0.79 8.71 6.te 6.8h 8.75 0.99 3#1 23.8 24.4 4.25 0.087401 1.04321 11 9 le
Ib Fase 1.74 0. 9 4.78 1.08 1.05 4 03 22.8 25.% 1.4 6.43521 11 H to
155 fees 4.71 4.21 0.42 1.21 0.44 4.41 ISP 23.1 25.9 1.13 0.18h774 1.10423 12 52 le
15d F480 0 84 8. A 6.29 0.42 0.2d 0.34 22W 22.5 24.0 1.70 9.14%ee 6.13814 12 55 to
15/ BIst 2.8T 1.U 4.% 0.97 -1.h2 2.39 3451 17.4 25.5 0.31%A 4.33NI 1 13 41
158 um 2.k1 1,79 9.?!

. 3142 17.% 24.4 0.3M70 1 14 81
139 EIst 1.48 0.23 0.11 #14 2th 14.2 24.2 2.12 0.229eM 4.13Me 1 52 81
1m 8181 , 0.41 , 13.2 24.0 2.12 1 35 81
1 61 HI41 1.M 1.01 6.91 0.55 0.3d had 20.2 24.4 1.e4 0.0130A 6.8Md 1 9 81
14 EIII e.84 0.M e.2d 4.50 0.23 9.27 39 0 19.8 24.9 2.12 0.00d151 0.58the 1 N 81
163 EIS1 4.# 6.9 6.4T 6.41 0.04 2820 18.8 25.5 2.27 9.495635 0.791M 2 bd 81
1A IIII 4.35 6.35 4.32 0.3d 0.14 442d 18.5 25.8 1.M 4.0 A77% 1.48571 2 53 81
14 IIII 1.% 1.30 4.% 0.71 6.A 4.15 %?!? 11.7 2%.e 4.1A143 e.44722 2 94 81
144 5181 2.20 1.94 1.14 6.73 6.42 0.11 4531 20.8 25.7 . 4.1 % 218 4.33182 2 M 81
10 EIB1 1.31 4.%8 0 87 0.77 4.42 4.35 2152 21.1 2%.4 1.13 0.25M21 0.57tP 3 42 81
148 ED1 %.88 3.00 1.88 1.es 6.07 0.13 5200 23.4 2%.7 1.13 0.375305 0.24H2 3 45 81
149 E281 2.M 1.71 1.14 1.01 6.% 0.47 3575 20.1 23.2 0.2073h 4.3%N 3 87 81
176 5181 2.50 1.25 1.25 4.8% 0.58 0.2d 4442 21.1 23.4 . 6.21%566 0.33d40 3 96 81
1 71 IM1 3W 1.U 1.5% 3.23 2.33 0.76 See 21.0 25.4 1.R 4.22944 4. 0 88% % 33 il
172 1M1 3.21 1.H 1.41 de13 27.1 24.1 1.5h 8.21Nd 4 P 81

O
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Middle Control Bay (D) 77

388 TIC P8 N 8 fueM RAntPO Mei 381L TDir IAL IINT It2HT PNPLN STN MY 08

1 1777 2.M 4.94 1.%8 1.F1 1.h e.U 29.4 23.1 1.N e.dN83 % D U

O 2 !UT 1.32 3.38 3.7% 3. A 3.58 1.44 E.3 24.4 1.44 9.54471 4 ? U

3 1U77 T.24 3.73 3.53 %.47 2.75 1.32 4200 30.8 24.9 1.30 4.49141 6.5#n T 3 TT

4 18/7 d.h 2.34 4.e4 2.35 1.W e.87 35F9 30.7 27.1 1.19 4.450M 4.37sM i 3 U

5 1871 8.41 3.U %.00 h.72 2.44 2.32 Nee 3.4 27.2 4.9 0.%32W 4.5M24 7 N U

d 1877 1.87 -6.42 2.N 3.s1 3.02 4. 0 kTM 21.? 28.2 1.14 t15M 1.95181 8 . 77

7 !W7 %.W 2.43 2.D 3.18 2. # 1.JS 3870 27. 9 24.9 1.30 6.31471 4.7H20 8 3 U

8 1571 d.I3 2.48 3.45 2.15 1.36 1.05 # 34 21.2 3 .4 1.10 9.4196 4.44284 8 3 U

9 1877 8.M %.13 4.03 1.53 2.88 4.4 3230 28.4 22.3 1.79 4.42%H 0.432 # 8 7 77

10 1E?? %.N 1.95 2.11 2.32 2.92 4.Je A62 M.S 30.9 6.90 6.25132 0.57143 9 3 ??

11 t3TT 5.44 2.11 2.87 2.# 2.35 0. 32 hMd 21.9 M.9 0.00 4.hd242 9.47173 1 T U

12 1871 4.23 3.81 2.48 2.11 2.se 4.91 AM 30.h 24.7 1.40 0.3r878 4.4#M i T ??

Il TEF 4.88 1.73 1.13 4.15 3.67 1.08 Shed 28.5 28.3 4.90 4.35T12 6.83841 le 3 TF

14 TW7 3.M 1.12 2.P 2.M 1. N 4. N 13 2.43.5 1.16 4.2441 4.T4218 le 7 U

13 FET 2.00 e.3d 1. A 4.4e 4.T7 6.M Ad2 18.8 28.4 1.00 4.1236 4.45400 it 57 77
M FWF 1.38 1.91 1. 0 1.02 4.4 6.40 #2F 18.4 17.4 1.14 4.2291 4.28M2 it de 77
U TM7 2. A 4.63 1. N e.92 4. 0 6.25 241 29.8 H.3 1.16 6.35258 4.332M 11 3 77

18 FMT 2.13 1.44 1.67 9.# 4.1 0.29 4h7 13.4 36.0 e.90 4.1444 6.28141 11 5 U

19 IW7 2.M 4.31 1.30 . 4. 4 . Wh1 13.0 21.3 1.10 0.18825 11 47 U

20 FET 1.J9 6.94 9.43 4.N t.7% 0.12 2A1 17.4 2%.7 9.90 0.21221 4.41871 u 91 77
21 FN7 2.?t 4.33 2.D 4.51 0.21 4.22 Md 18.4 2%.7 4.9e 4.31414 0.188M 11 M TT
22 INT 1.M 1.29 9. # 4.51 0 23 0 33 13.2 24.3 . 4.2430 12 O U
23 FFT 3.J9 1.32 2. 9 6.30 4.23 6.W 13.4 2%.5 6.T1 . 4.08086 12 41 TT
2% E218 6.k1 0.05 6.M 4.48 6.h 4.1% 1M 1.1 23.3 1.N 1.0145 1.1700 2 3 78

25 EDS 4.N e.J1 4. d 4.N 4.ZF 4.M W3 9.7 22.7 4.N 4.73s85 0.8 % 12 2 7 ft

2d EDS 1.4 1.23 4.E 1.7% 1.%3 0.3 1811 13.4 2%.8 9.F% 0. GW 1.47hei 2 H 78
27 IDO 1.11 e.38 1.53 1.!5 9.M 4.54 1358 11.3 23.1 1.79 4.542M e.81132 2 U 78
28 SDS 3.13 1.2d 1.8F 2.8f 2.5e 4.N 2988 13.4 21.3 1.42 4.AT3d 0.9144 3 13 it

%221 1%.3 21.% 1.42 4.Meel 3 O 7829 3DO 4.4 6.95 6.00 .

1.M 4.Se Weh U.? 11.4 1.R 6.1347 1.42298 3 TF 1810 EDS 1.h 4.38 4. 4 2.1T
31 EDS 2.7% 1.12 1.4 2.31 1.# e. A 4383 18.5 18.d 1.4 4.25046 4.8%367 3 M 18
32 SP78 3.43 1.43 1. 4 2.3e 1.11 0.J1 4291 29.3 22.2 1.55 6.MG t.G34 % 23 78

11 Sm 3.11 1.3% 1.4 1.2J 2.4 4.4 48M 2%.4 22.2 1.35 0.271%5 1.012m h 27 78
h IPF8 3.47 2.80 2.19 2.N 1.4 4.W 3488 22.7 22.0 1.E 0.37300 4.44G1 % Th 78

B tm 3.P 4.3% 2.0 2.% 2.4% 6.00 321 22.7 23.8 1.55 0.37441 0.72%sh h 71 78

3d !PIO d.18 3.34 2.88 h.11 3.87 4.M M2% 24.3 21.2 1.48 0.5020] 6.4947 5 27 78

O 2 tm 3.47 2.3% 2.4 %.11 3.03 1.40 29t1 1?.4 21.1 1.N 6.?Med 0.731N 5 N 78

3 1718 4.11 1.h1 2. A 1.M 1.43 0.54 24A 24.3 18.1 1.17 4.62912 4.beim 3 # 78
N 1m 8.05 4.4% 3.%1 2.e1 2.45 4.14 SIM 24.h 11.3 1.2d 4.3?l2e 4.32%22 5 70 T3
40 5m 3.26 1.33 3.85 4.45 3.4 1.to h30 29.9 24.% 1.M 4. 4 621 6.8 % 23 4 3 18
%1 tm 3.M 3.01 2.15 1.4 %.86 6. A 46M N.2 21.8 1.2d 4.51140 1.0324 4 34 14
k2 1778 3.N 3.2d 2.33 3.N 3.30 4.4 4114 U.4 23.4 1.66 4. 2 325 9.47421 4 U 78

h3 t m 3.3 1.3% 1.97 2.M 2.11 4.54 3581 !?.? 2%.5 1.21 4.P205 6.81249 4 H 18

4% tm 4.40 2.32 1.88 4.4# 3.28 4.M 38N 29.3 21.5 1.13 4.4345J 4.92500 T 23 18
45 !W8 2.0 2.41 4.82 %.1T 1.M 1.00 41M 21.4 22.9 1.06 4.27284 1.h7J54 7 27 78 1

%d 15FO 8.12 f.94 2.4 3W 3.32 6.43 hen 28.5 21.9 1.00 4.88heh 6.4428] F 10 18

47 35F8 d.04 3.74 2.28 5.44 4.31 4.87 37 % 21.1 23.2 1.13 6.GdN e.94B1 7 T3 78
4 1W8 d.12 3.H 2.m 2.M 1.4 4.92 kN2 21.2 11.4 4.85 4.5dW7 4.42851 8 17 78
M 1578 4.25 1.49 2.N 1.f5 1.M e.M nN2 M.4 21.h 1.10 4.35dM 0.43521 8 - 20 78

Se SM?8 d.1 3.44 3. 3 3.46 2.86 4.M Mik M.4 2%.4 6.81 9.45132 0.3%8h 8 U 18
31 tW8 7.3 %.32 2.M S.96 %.90 4.18 2502 30.8 2%.3 4.83 1.13de 0.7159 8 W 78
32 SWE h.11 1.3d 2.71 3.11 2.72 4.R 3511 21.4 27.4 1.e4 #Nes2 0.753e3 9 70 78
31 1W8 4.30 2.d4 1.90 3.h4 3.he 4.04 304 21.0 27.1 1.66 6.45732 0.73554 9 73 78
> TWO d.4 3.64 1.15 1.87 1.82 4.00 21T2 24.8 28.8 1.2% 0.Che 4.24181 it 3 18
35 FM8 3.4% 1.78 1. 2d 1.19 0.87 4.32 300 24.2 31.2 1.k2 4.XM e.391%$ 16 26 78
Sd FUt 4.05 1.88 2. 0 2.00 2.3 f.%2 k149 2%.4 31.8 1.42 6.Pohd 0.49134 16 23 78
51 FMS 3.4 1.H 2.32 3.N 2.80 4.4 322? 22.7 3 .2 2.64 4.kun 0.9W72 It T7 78
38 TW8 %.61 2.J1 1. A 1.94 1.39 6. 2 21.9 3 .3 1.21 4.44G5 11 P 18
39 FW8 3.46 2.34 3.M 3.23 1.25 4.64 21.8 28 .3 1.%2 4.5952% u be 78
# TM8 1.9 1.F2 2.23 2.47 2.42 4.25 252 21.4 24.2 1.M 4.d893 0 6754 11 97 70
di FN8 2.87 1.32 1.25 2.35 2.35 0.00 2h8 22.7 24.4 1.4 4.h9ede 4.81882 u M 78
4 FNO 1.00 4.24 e.7% 0.81 0.71 4.10 1T13 1%.1 25.2 4.83 6.22535 0.81006 12 54 78
G FM8 2.80 1.51 1.M 4.e1 4. G 4.82 27%) 1%.1 23.1 . 4.ketM 6 2321% 12 53 78
A TWO 4.* -4.43 1.M t.51 0.53 0.00 2dd3 13.8 24.4 2.%.3 4 oddi 1.29455 12 57 78
45 Km 1.2T 4.M t.28 9.R 4.h 4.00 2442 19.2 23.4 1.e4 0.19:01 0.2072 1 11 79
M IU9 2.86 1.58 1.22 4.45 -0.35 0.80 1773 U.8 25.8 4.73 4 Gem e.1H71 1 24 19
# Em 0.35 4.14 6.M 1.23 0.23 1.00 2000 12.0 23.4 1.28 0.19571 2.23Gd 1 T1 19

. 322% 12.8 22.4 %.25 1 M 79m 8m .
di EUi 2.0 1.38 1.35 8.fr 4.87 4.e4 1730 14.8 21.3 1.16 4. ddW1 0.2%e 2 53 79
70Em 1.M t.04 4.0 1.23 0.95 4.38 2022 13.3 ~4.4 1.4 4 2%N e 89242 1 7 11
71 sm 1.4 e 42 4 0 1.he 1. 6? 4.33 2484 14.1 24.8 6.15 4.1%d3 4 96352 3 It 79
?2 Em 1.11 4.43 4.48 1.16 9.54 4# 32hd 17.3 23.8 1.M 4.1108 1.ek5e5 3 37 19
T3 EU1 1.T3 1.31 9.%2 1.44 1.51 0.13 hh17 11.% 21.4 1.34 4.15441 6 97110 3 de 19
7% IIN 2.89 1.43 1.2d 4.sy e g4 e .51 h533 29.3 21.6 1.35 6.25582 6 335A 3 H 79
?$ 1Pii 2.71 1.43 1. 2d 1.14 4.79 4 bd k19 21.5 21 1 1.2% 6.25053 e 42984 4 3 79
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Get T1E PC PW 8 PtMM RAntPW A948 D81 TERP !9t. [ITDCT EC1Eff PiiNU !g3|TR tef YEAS

14 :PM 3. A 1.81 1.N 2.11 1.43 4. k8 MM 24.4 24.8 1.4 4.h>51 4.51h % 16 M

O 17 :PN 3.A 2.3% 1.35 2.25 1.17 1.30 3Dd 2%.4 2%.6 1.3d 4.k17%2 4R1 4 13 N'

18 PN 5.J6 2.31 2. 4 3.52 2.14 1.M Ale 24.1 24.2 1.M 4.42170 4.44k2 5 17 N
11 :PN 3 54 3.31 2.1% . Att 27.3 22.2 1.55 4.4734 . 5 20 M
M 7M 3.47 2.h 1.63 4. h d.50 9.66 52M 25.4 24.8 3.M 6.2D44 2.1kB 5 de M
81 WM 2.D 1.e4 1.5 d.71 3. # >F9 24.9 24.2 2.83 0.2%2% 2.0090 3 43 N
82 P M %.4 2.64 2.4 2.75 2.13 4.44 DN 30.3 24.3 1.14 4.56133 0.5132 4 27 M
83 SPM 5.M 2.7% 2.35 %.31 3.75 6.14 %3D M.? 24.8 2.27 4.heWF 4.0061 4 34 N
h IPM S.A 3.11 2.50 3.24 4.%1 0.83 5303 Js.1 28.4 1.35 9.42911 4.92M d 43 M
85 WN 3.3d 1.27 2.M 3.d3 4 38 1.31 u# 21.8 28.8 1.78 6.5c927 1.0124 4 ti M
84 2M 7.3 3.53 3. 0 8.A 7.03 1. 4 440 H.6 27.9 1.96 4.dM77 1.1MF 7 27 M
87 2N 8.02 MS %.47 3.S5 %.40 1.14 4703 N.7 28.4 2.42 0.47671 4.440 7 30 N
80 2N 7.R %.N 142 d.13 S.15 4.4 3814 21.2 24.1 1.40 1.43581 6.7841 7 ?? M
81 MM 7.14 LN 3.?? 7.N 4.e5 1.81 33I0 21.1 25.h 1.24 6.84454 1.098 7 81 M
96 SUN 3.M 2.35 2.7% 1 42 2.2d 4.N 32 4 M.1 2%.4 1.13 0.62%td 4.5113 8 19 N
% IIM d.M 2.45 3.X 3.M %.11 4.9t M14 29.8 23.h 1.35 4.77721 0.8243 8 23 M
92 M M 7.11 1.11 %.M 5.42 %.57 1.05 %2A 2t1 24.5 2.96 0.72M9 0.72H 8 41 N
U TEM 7.83 %.17 14d 4.62 5.13 6. M wed 30.2 24 .4 1.79 6.4447 0.7me 8 45 M
% MN 2.86 9.34 2.3d 2.M 2.13 4. G 3542 21.2 24.9 1.34 4.32117 4.U2e 9 27 M
93 58N 2.21 4.Js 1.0 3.E 2.82 0.57 3R3 28.8 27.9 1.79 9.24En] 1.53M i 34 M
94 faM %.87 2.77 2.1e 3.M 3u t.42 42G 23.9 27.0 1.4 6.%5e4 4.Ned 16 14 M
97 fem 5.12 3.25 2. # 2.A 2 16 e.2% 3701 24.5 24.2 1.41 4.42429 6.34] to 19 N
90 FAM 3.33 2.7% 2. M 2.f1 2. 8 4.21 3008 2%.8 27.1 1.4 4.73537 4.5081 14 41 M
M f4N d.30 3.42 2. A 3.W 2.23 1.23 2s12 25.1 27.8 1.1 4.Md14 4.M2 it 45 N

164 fem 1.44 1.22 2.18 1.M 1. # e. 00 2213 D.8 24.h 1.00 9.41455 0.2%1 11 1 M
101 TAN 3.) 2.21 1.13 1.M 1.M 4.00 257e 22.% 24.7 1.13 4.4621 4.J243 11 le M
142 TAM 3.00 3.37 1. A 1.W 4.M 4. M 2%FO M.9 28.4 4.81217 0.2772 11 33 78
103 FAN S.57 3.31 2.18 1.43 0.75 4.20 2A1 17.6 28.1 . 4.she%% 0.1M 11 17 M
teh TAM 3.00 2.64 6. 4 6.11 -4.44 0.25 3677 13.8 H.1 1.13 0.3m1 6.e423 11 M M
103 TAN 1.42 1.64 0.12 1.47 6.de 1.47 BN 13.2 27.9 1.13 4.32M4 1.0181 12 3 M
led TAM LW 1.M 1.# 9.39 4.2d 4. 0% 48 11.4 24.1 1.2%M8 4.94e 12 %4 M
107 fan 2.33 e.43 1. A 6.N 6.3d 4.00 2M 18.2 27.4 . 4.thd] e.2%e] 12 52 M
100 Ett -0.21 -4.34 0.13 4.28 4.11 0.17 M 12.5 27.1 1.42 -0.13e23 -1.B23 1 13 to
IM Ett 4.85 0.31 4.%d 4.11 4.00 4.14 2B1 11.4 27.4 1.J2 4.1%d2 e.174 1 14 80
110 E8e 1.41 0.43 0.14 4.4% 0.2d 4.18 1814 U.4 26.3 6.A 4.31144 4.3t1 1 58 M

O 111 Ute 1.4 4.90 1.00 0.20 9.44 0.22 2414 14.4 24.3 6.4 6.30275 4.1414 1 41 to
112 Ett 1.21 1.19 0.03 9.13 4. N 9.67 H52 11.9 27.1 1.31 0.1224 7 0.147% 2 % to
11] Ett 2.14 1.21 4.R 1.M 1. M 4.00 31N 1e 1 25.1 1.%2 e.2823 6.319e 2 7 to
11% Ett 4.25 4.26 4.45 0.06 0.%6 4.4e 3T73 M.1 25.7 1.42 9.8244 3.2000 2 11 to
113 Ele 1.M 4.73 4. 9 1.2% 1.06 4.2% 21M 17.8 23.3 1.# 4.X791 4.72 % 2 82 80
114 Ett 3.B 1.17 1.M . . M18 14.7 23.4 1.42 6.M47 3 24 M
117 Ele 2.77 1.12 1. 4 1.M -1.1 2.74 2525 18.8 24.9 2.00 4.%3081 0.52M 3 21 to
118 Ele 1.2 1.M 6.45 2.90 1.25 4.72 4140 3.] 2%.4 LM t.148d1 1.247 3 48 88
111 Ele 2.n 1.54 1.15 1.85 1.56 4.N 5000 19.2 25.4 1.M 9.213J1 4.4827 3 71 M
tte 3Pte 1.k] 4.h3 1.00 1.74 1.40 4.42 218% 22.% 21.7 1.86 4.24194 1.1888 4 13 to
121 SPte 3.B 1.04 1.53 3.1% 2. # 4.47 X25 21.3 22.5 2.91 0.23H4 6. % 29 4 17 84
122 IPte 1.43 1.20 0.15 1.32 0. 72 4. # 4600 21.3 24.9 2.43 4.12%21 4.92R % de to
it] :Pte 2.M 4.78 1.22 1.M 1.84 4. # 3550 21.7 2%.7 2.13 0.225J5 0. 0 00 % 43 to
12% 2 06 2.M 1.M 1.32 2.38 1. *1 4. 11 3259 D.3 23.1 2.0 e.2td12 e.8%87 5 16 M
123 $PM 3.T3 2.H 1.73 4.32 1 14 4. 8d 3125 29.1 22.8 2.42 0.29112 1.0177 5 13 96

,

'

114 : Pts 3.4 1.85 1.G 3.h 1 92 0.32 41M 27. 4 21.4 2.42 0.33234 4.9598 5 52 80
It? 200 S.23 2.84 2.37 3.17 4.49 9. W DOT 27.3 22.5 2.%3 0.41144 4.9005 5 55 N

1

'

itt 3Pte 2.57 1.21 1.20 1.8!3 1.56 4.37 %5%d 24.0 21.8 2.41 4.22413 e.7514 5 M to
121 3Pte 3.13 1.47 1.4d 1.1 2.N 4.!2 4482 24.8 27.3 2.42 6.235%1 1.0513 4 3 80

l lio 1790 3.3d 3.04 2.30 1%I 1 91 0.%1 3140 28.7 25.1 1.21 6.41n2 0. 0 81 4 57 le
til SPte 4.42 2.27 2.35 5.21 %.50 4. G 47 # 21.2 23.4 1.M 6.J8758 1.1277 4 de 90
lit !Pte 2.81 1.43 1.M h.29 3 85 t.u 2N3 21.4 29.9 3.43 4.4 004 1.5231 4 M to
1D sute 3.27 3.43 2.2% 3.M 5.50 9.26 2 47 2t? 24.8 2.82 6.J0559 1.0014 7 3 98
13% 1888 4.04 1.63 2.21 2.M 1.80 0.14 Seed M.% 22.9 1.42 4.32 % 1 0. 0 05 7 55 es
133 spee %.2e 2.%9 1.N 2.37 1. M 1 91 4e11 N.1 21.2 2.42 4.%2*it 6.5537 1 58 80
114 288 %.98 2.34 2. 2 2.41 1.80 4.3J 3750 31. 8 11.% 1.35 0.53067 4.w39 8 18 to
ITT 200 3.23 1.40 1.83 2.41 1. # 1.1% %72% 30.9 11.7 1.62 0 27336 4.8704 8 13 88

,

|
118 su8e S.M 2.71 2.E 2.28 1.31 4. 4 wh2 2tS 21.3 1.03 e.45033 4.4322 8 52 se

| 1N 340 4.31 2.19 2.20 2. N 2.21 e 33 47M M.2 22.1 1.e4 e.37290 9.4287 8 55 00

| 1he 28e 3.21 1.49 1.52 d.3 5.40 4.% 4575 M.3 24.6 2.u 6.28444 1.U51 8 % 84
' 1%1 !Use %.3 2.93 2.35 %.21 3.74 4. 73 %3W 2td 23.4 1.M 0.3%5 1.9297 8 91 et

1%2 200 2.M 1.12 1.TF 3.47 2. # 4.10 4075 3.4 28.4 1.16 6 28344 1.2987 9 44 80

tu snN h.a us 1.# La 2. a ..u 3a2 a i M.: 4.w ew . . nu i a to
1%% 3088 7.4 4.33 3 d2 3.44 2. 4 e. 64 3297 M.1 24.4 1.4% 0.915e e A377 9 90 80

143 5006 4.3 2.72 3 %9 3.23 %. 20 1.03 3dd 30.2 27.6 1.0% e 47813 4. 8%5% 9 U M
| 144 F488 3.98 1.48 2.22 1.82 1.54 4.32 M78 2%. 4 15.8 1.1J 4 AM4 0 44 # to 48 to

s/ 147 fett 3.00 2.92 2.M 2.26 1.32 6.% DM 25.0 23.1 1.e4 0 aoit% o m9 le 52 to
144 F480 LJ5 1.83 1.52 2.D 1.44 4.47 2228 22.7 25.7 1.31 e e41% e 953 le 99 80

149 fee 6 7.92 %.32 2.16 1 32 2. D 1. M kla 21.8 24.3 1.31 6eM9 6 4729 11 3 Se
154 f4te 2.43 1.d4 6.35 2.98 1.93 e.95 17'2 it t 23.9 1.3 e 43312 1.4187 11 47 et

i
.
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Middle Control Bay (D)

088 TDE PE N 8 PlasMi PLA*N PL*W DitE TDF 1E OffIlET ERUF MVPul relTH MY YEAR0 151 FA06 1.A 1.67 1.41 2.N 1.89 9.97 2443 li.T 25.5 1.42 4252N 1.792 2 11 34 le
152 Fast 2.22 1.t1 0.51 1.18 1.18 8 06 3467 15.1 a.? 1.42 0.257278 e.500d2 u 97 84
133 f400 3.22 2.82 1.24 1.11 4.72 0 45 15.1 2%.5 1.2 9.JdD5 11 M 94
th fage 0.49 4.63 4.44 4.44 4 44 4 94 1DT 14.2 2%.9 4.87 9.127521 4 8M33 12 52 to
135 FA8e 3.2 2.%3 6.88 6.71 4 00 4.8% 2249 15.1 2%.] 1.00 0.588794 4.229d1 12 55 84
15d 521 1.32 4.5d 4.14 4.M + 21 0.38 3451 11.4 25.1 0.% 0.1%W10 0.44818 1 13 41
15/ E31 1.15 8. A 4.44 4.31 6.27 4.6% 3142 10.6 25.8 . c.1ksi?8 0.2M57 1 14 81
158 UI41 1.10 0.11 0.39 4.30 e.12 0.10 29 9.42%.4 4.85 9.14 4 64 4.27273 1 52 81
1M But 1.N 4.87 1.01 . 8. 0 25.2 1.2 1 55 11
146 531 4.J9 4.6d 6.33 0.4d 6.28 4.18 4AB 12.8 24.4 6.433N4 1.17 % 9 1 97 81.

141 But 2.13 8.81 1.32 4.A 4.13 0.51 39 0 U.6 2%.9 . 4.21DT3 4.34thi 1 4 81
142 EIS1 1.30 6.U e.37 6.H 6.82 0.1% 2820 U.7 2%.9 1.M 0.18k197 0.73hd 2 W 81
143 Eut 1.% 1.62 4.92 1.61 9.12 0.21 4424 12.F 25.3 1.48 0.192N 6.52642 2 53 81
1A III1 1.4 1.24 6.19 0.44 4.3d 4 to 4721 17.5 24.% 0.1483 % 0.2XM 2 84 81
145 #181 2.4 1.v1 1.34 4.37 9.34 6.27 4531 18.3 25.7 4.2M220 e.23245 2 4 81
144 Niet 1.22 4.18 1.4% 0.74 9.%9 e.27 2152 M.8 2%.h 1.ed 9.224744 4.42215 3 h2 81
147 ED1 3.7% 1.13 1.81 4.54 9.52 0.0% 5290 M.8 2%.? 4.81 9.287492 4.1WT3 3 h5 81
14 BIS 1 2.55 1.21 1.14 1.92 0.5? 4.45 5575 17.8 D.8 1.3 0.182964 4.44400 3 ST 81
1A 5181 2.72 1.93 4.M 1.e4 4.38 6 44 44d2 11.1 23.3 1.40 4.23D74 4.38D1 3 90 81
179 1781 2.3% 1.25 1.M 3.29 1.M 1.50 544% 22.5 2%.8 1.79 4.171132 1.4 4 72 % D 01
171 1M1 1.%8 0.73 0.15 4415 21.% 2%.1 1.1 0.09m21 % 37 41.
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Outer Discharge Bay (OB) 80

r, : rm ec n aws mm ame ma nw :n mmt er pu ram en nas

1 Pn 2.M 2.00 491 D.38 21.68 1. N 4 M n

V 2 2n tm 1.H 2.11 WM D.38 27.48 1.4 4.WN4 7 3 n
3 2n 3.M 2.n 2.n SSM m.M N.n t.n e.mul i u n
% 2 n e n -2.n 2.u hne D.M un 1.4 ..nn3 3 M n
3 lan S.A 2.3d 3.31 0.84 -0.1% 0.% ) sit 29.32 24.7% 1.J1 4.30811 6.14666 0 il #
4 154 %.90 1.he 1.34 7.2d 4.23 1.91 2230 N.32 24.7% 1.3d 4.3Nd 1.48143 9 77 TF
1 2n %.32 2.92 1.34 3.11 %.17 1.42 43M D.?? N.70 1.N 4.24243 1.29tM i 2? 11
9 271 F.47 %.h 3.13 2.3 1.1% 12% Ad2 D.TS B.48 1.4 6.47%18 4.31634 9 43 n
i 2n 3.2d 3.48 1.30 3.3 2.9% 0.47 %ed D.78 31.%8 1.T4 6.%2118 0.42928 1 47 TF

to felt 1.24 % 41 4.83 1.36 2.h 1.14 Ddd R.A 3.17 1.21 4.4774% 0.3 nit le 3 n
11 TATF ?.8% 2.30 %.3% 4.44 3.51 9 33 32E 32.73 N.90 1.h3 4.D741 6.37474 14 ? TF

12 FATF 3.02 3.1% 1.88 2.73 2.12 0 41 Ad2 22.44 24.J8 1.17 4.3:0?% 0.htti to 31 n
13 fen 1.W 1.44 4 De 2.30 1.93 6 43 4227 22.%4 24.M 1.N 4.2222d 4.7%344 it de TF
14 TATT 4.11 2. % 3.45 2.21 2.H 4.23 Ndt 24.34 24.37 1,%2 6.8M20 4.3de24 11 1 #
13 TATF 1.e0 1.91 1.17 2. M 1.te 0.17 %%1 N.98 N.34 1.3d 4.2n%1 6.44330 11 47 n
14 TAT 7 %.00 2.71 1.33 1.4 1.N 4.31 %W 11.it N.M 1.31 4.373u 6.R214 u Se #
17 FATT 2.%d 1.31 1.M 6.H 4.M t.01 2411 23.44 13 .14 1.13 4.37372 4. 3 02% 11 11 11
18 TAU 3.82 1.11 2.23 1.M 1.14 4.D A14 21.40 23.14 1.24 4.%7J1 9.J9883 3 M N
11 fan 1.41 1.47 4.M 1.25 4.94 0 32 18.44 23.29 0.M 4. 7dA7 12 43 n

20 FAR 1.% 1.% 0 M 1.11 1.92 0.17 20.M 27.34 6.% . 4.82ai 12 di 77

21 E70 1.21 1.30 4.21 0.31 0.23 4 32 139 13.M 22.94 1.11 1.24320 8.k243d 2 3 78
Iu EM .. 4. A ..n .. u . .u ..n ko u.44 n. # #E 4.. 3 . 06e00 2 i M

2J E70 2.80 2.7% 4 64 2.A 2.02 4.42 181J M.J4 24.90 1.17 1.14341 4. % 204 2 de M I

2% IIM 1.41 4.99 0.44 4.81 4.4 0.44 13 2 14.34 27.40 1.4 4.h3299 4.33792 2 43 ?S i

23 E70 e.W 4.%d 4 M 2. 88 2.81 0.M 2030 17.44 29.00 1.%8 4.Me73 4.19870 3 13 70 f

24 E78 3.R 3.% 1.%3 . %221 14.24 11.44 1.38 6 31478 . 3 43 78
.

27 E79 2.28 9.36 1.?2 1.81 2.A 1.23 weh 10.04 12.M 1.M 6.20144 1. AT3r 3 17 ?8
28 E78 4.N 3.72 2.!? %.%3 1.29 1.14 %MI 20.M 13.90 1.4 4.37%e4 6. ?tN 3 ii 78 i

21 FM 1.se 1.41 2.39 3.40 3.94 1.14 %N1 23.90 17.98 2.11 4.Jd182 1 ESN % 23 78 j

34 778 3.11 2. 4 2.42 %.41 3.51 1.92 43M 23.90 14 ie 2.%1 4.%%4 0.90213 % 27 78 1

11 7M O.%2 3.74 2.44 4.71 3.00 0.83 Dee 2%.J4 11.00 2.13 4.42278 4.N121 % 73 ?t !

32 FM 3.21 2.61 3.22 d.n %.73 2.9% 351 24.2 0 29.19 1.% 0.3481 1.2NTT % ?? 78
33 1778 3.8% 2.04 3.4% 12.06 11.37 4.43 491% 29.%4 13.70 1.N 4.he%2 2.3e93 3 27 78
1% 779 d.13 %. 4 1.43 13.13 12.13 4.98 2121 30.1 0 23.90 1.4 4.83 % 4 2.1%192 3 M ?e
33 7M 1.20 -1.d4 2.% 3D 2.9e 4 44 24A 30.34 29.70 1.4 4.1 511 2.74563 3 47 78n N WM 3.10 1.M 1.41 2.45 2.%3 4.%4 3SH 30.24 29.10 1.4 4.36411 6.37 4 1 3 70 ?S

V !? 770 h.30 2.63 2.47 4.40 3.11 4.93 42M 32.14 13.%e 1.24 9.k2014 1.33111 6 27 70

. 38 275 . . hem X.20 23.34 1.%2 4 M ?8 ,

N WM T.30 1.2% 4.44 9.18 8.23 0.47 4114 16.M 2%.10 1.4 4.?t%) 1.2%d35 4 77 75 |

44 F?S 3.13 1.2% 1.91 . . 351 30.M 23.74 1.it 6.30612 . 4 44 ?t
41 270 2.21 -1.h 1.73 3.93 4.N 4.2d 3838 1.74 21.30 1.33 4.23641 2.23367 T 13 ?S 1

%2 2?t 1.1 -4.8t3 2.24 3.0L 3.hi 4.32 %1%9 1 .64 23.29 1.%2 0.124M %.%3311 ? 27 it
41 278 3.27 4.3% 0.13 . %6M 21.44 13.29 1.%2 4.32234 7 14 78
%4 1878 %.M 2.74 1.M kJ3 3.00 0.47 37 % B.34 2%.90 1.M t.hT210 1.913M F 13 ?S
%S 2?t 2.M 1.32 1.18 4.3d 4.41 0.33 37% D.04 21.70 1.30 4.27t11 1.48esi 8 17 78 j

44 2M 2.11 1.44 4.73 4.26 %.24 0 44 23e2 ]!.44 21.e4 1.42 0.33012 1.91781 8 20 it ,

47 279 2.3d 1.63 1.33 %.1% 3.00 1.44 %N2 13.34 2%.44 1.13 9.2134% 1.41711 8 1] ?S l

44 2?O %.S 3.3 1.14 3.4T %.41 0.44 kN2 E.44 23.he 1.11 4.JBL33 1.110% 8 17 78 |

M 3578 3.81 2.41 1.12 3.M 3.19 e to 3311 R.99 23 .94 1.42 9.44112 0.43603 i T4 78
, 34 18M 3.%d 3.13 2.31 1.% 3.% 0.44 104 30.44 23.30 1.24 4.33het 6.72141 i F1 ?S

| 31 FAM 1.11 0.14 1.81 %. h 3.23 1.11 21T2 B.94 20.M 1.38 0.23787 2.27223 le 3 79
: u RAM r.n w tA to 2.n 1.H mM n.H N.M 1.u . ten ..MMd a M n

| 33 FA?e 3.36 2.%I 3.47 1.41 2.2% 0 ft %1M 27.14 29.20 1.42 4.33023 4.3 5 33 14 23 78 ,

' 3% FA?S %. A 1.13 1.31 %.1/ 3.29 1.97 2227 2d.14 27.29 1.31 4.!?S13 4.9M24 It ?? 79 '

'

33 rett 1.25 1.20 0.03 4.1J 3.42 0 81 21.M 28.46 1.43 4.437M 11 37 78
34 FA?S 2.22 1. 4 9.33 4. TA %.72 4 64 27.29 29 .29 1.N 2.12411 u h4 78

37 FA?9 1.%d 1. 3 2.18 1A 1.41 9H 252 2d.34 27 to 1.42 9.33602 1. 04DS 11 17 ?S
30 fett 1.4 0.11 4 de 0.11 4 44 0.13 23%e 24.H 27 9e 1.4 6.Nid 6.13103 11 91 il

Si TAM 1.N e to 1.74 1.M 6.se e.21 1773 N.%4 23.50 1.N 4.8%732 e.2941 12 34 ?t
de TA?9 1.4 1.40 4.44 1.tl 1 T7 6 41 27%) 18 to 13.90 1.1T 4.2% 99 1.071%) 12 13 M
di F479 1.he 4.00 1.44 1.5 1.A 4.27 24G 18.44 24 ee 1.31 0.21921 1.JAN 12 37 ?S
42 EIN 3.20 %.T2 0.34 2.62 1.9e 4.12 24d2 13.30 24.76 1.01 4.NI31 9.JB238 1 17 N
di EM 2.36 2.36 0M e.N 4.44 1.37 1773 1%.44 27.30 e 13 0.34338 4.334ee 1 24 N
A EN 1.M t.14 4 84 1.%2 1.21 6 13 2000 13.20 2% 29 1.19 9.2413% 1.0 % 12 1 TF 79
43 EN . . 1.3 1.31 4 to 222% 17.34 23 Se 1.74 1 to N
44 E N 1.43 1,32 411 1. 31 1.13 0.34 1730 11.94 24 .44 1.N t.22444 1.e33% 2 31 N
di EN 2.5 2.12 033 1.8.2 1.42 0.34 2022 18.2 0 24.00 1.21 0.34w3 0 732% 3 ? N
48 EN %.M 1.01 1.h2 3.71 3.51 4 to Nee 1110 24 M e 81 4.44248 4 731?% 3 to N
di IIM 3.21 2.11 1.64 1.8J 9 43 4 44 32nd 14.44 23 to 1.16 6.JT34 6. 32e87 3 37 N

| 10 EN 2.2% 2.04 4.14 1.M 1.34 0.00 W1 18.44 2% .34 1.13 4.29283 6 e411% 1 de N
11 BIN I.bd 2.41 1.93 4.4 6 43 e il WII 2% 84 24.29 1.21 6 M132 6 2832% 1 M N
T2 :PN 1.W 2.32 1.14 1.0J -4 H 1.12 s til 23.79 2%.44 1.2% 0.33198 4 29348 % 3 N
11 TM 4 42 2.A 1.98 W 3 ft 4.01 FR N to 24 to 2.42 4 Seit3 1.ceooo % to N
7% IPM %.47 2.M 1.38 T ?J d 34 4.94 AM 27 94 24.10 2.k] 4.Wut 1. 34741 % 11 N
73 7N 3.73 3.;8 2.%3 All 23 30 13 70 2.27 4 4T21% 3 17 N
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Outer Discharge Bay (08) 81

Ptt TIE PC Pt 8 PUWOM PLMEPW Uws DIE ftpP !4L EXTDCT It3.IF PEEPLS mitm W Yt48

14 :PM 3.29 1.M 1.21 . hit 28.? 25.4 2.43 4.375JT 5 29 M

O 77 F M %.94 3.52 1. 3 4.W 3. M e. 79 5244 25.4 22.9 2.41 0.34958 0.1239 5 de M
78 :PM % 42 2.%8 2.1% 4.P 3. w tM 2 79 25.1 22.1 2.43 9.BT34 4.%M 3 43 M
T1 :PN 2.P 1.2% 1.13 2.4 1. 0 0.72 DN 31.4 21.4 1.4 0.279D 1.1181 4 21 M
4e :PM 4.11 2.51 2.20 F.35 ?. 41 4.28 43h 30.7 23.4 1.M 4.kh74 1.5505 4 34 N
II :PM 5.1% 3.7% 1.40 3.# 2.78 0. 0% 5301 E.5 27.4 1.31 4.38771 9.7043 4 83 N
82 1PM 3.29 2.95 2.h 1.2% 2.47 4 41 k)# 30.7 27.3 1.2d 4 Mh5% 0.420e 4 84 M
83 2M 3.15 2.78 2.P d.M 5.14 1.70 %d8 B.3 27.2 1.14 4.%e1? 1.33M ? 27 N
84 2M d.79 3 da 3.11 8.44 7.46 1.03 hit! 32. 4 24.1 1.4 4.5 # 44 1.25e4 7 34 M
RS 3EN 4.67 3.14 2. 5 7.1P 4.17 1 et 3e14 M.1 3.1 1.h2 1.0?t21 0.9Mi ? ?? M
44 2N F.73 3 si 3.8% 14.3L 1.52 4. M D20 21.4 3 .1 1.55 0.92'0 1 1.33E F 81 N
17 2M 1.D -0.15 1.98 5.19 4. % 0.75 3242 E.5 27.5 1.48 6.15803 4.2195 8 11 M
88 2M 2.11 0.03 1.3d 1.4 8. 2d 1.1% 3170 31.1 27.1 1.42 4.2?G4 4.N22 8 23 M
91 2 M 1.% 1.65 2.N T.83 3.54 1.47 42 4 E.1 11.2 2.40 9.3695 2 1.79k] 8 41 M
96 2M 4.5 1.M 2.72 4.%3 3. % 4.M 4506 2 .8 27.5 2.00 0.40124 1.k224 8 45 M
91 aN 4.2 -1.31 5. 4 4.h 3.11 1.47 35d2 E.d 27.1 1.44 9.50493 1.37 % i 27 M
92 18N %.D -1.25 5.2 4.h %.M e. 83 2h3 N.5 24.4 2.13 0.51814 1.117e i le M
il fem 3.90 0.42 3.M 2.3 1.50 1.02 42G 27.9 11.1 2.71 6.373:.5 9.4D le 14 M
9% FAM d.10 2.29 3.90 %.17 3. 4 6.52 PS1 21.1 29.8 2.92 0.d45J3 0.6834 le 11 M
95 f 0M 1.18 0.19 1.00 2.12 2.42 4.30 3000 30.7 28.2 1.79 4.15411 2.h7%d it 41 M
94 f4N 1.53 1.31 0.1% 4.2% 3.23 1.91 2512 29.7 28.3 1.55 0.21744 2.7712 10 45 M
97 f 4M 1.21 0.13 1.14 1.5T 4.if 4.54 2213 29.1 N.5 1.42 0.2B17 1.1No 11 ? M
98 fem 4.83 4.84 4.77 1.87 1.72 0.10 25F9 28.8 N.9 1.55 0. 3 548 2.1115 11 19 M
M FAN 1.3 1.3% 9.00 1.11 6. A 9.47 2h78 23.1 28.2 1.M 0.21434 9.825% 3 33 M

100 f8M 1.M 1.M 4.00 2.M 1.41 4.44 241 21.4 27.9 4.% 0.46d2% 0.#A u 37 M
tot f8M 2.55 2.18 4.M 4.4 0.29 4.3d 30FF 18.3 28.6 1.Ji 4.D5M 4.2511 11 M M
102 FAM 1.M 1.M 4 to 0.7:t 4.4 0.2d 23 5 18.% 21.3 1,55 4.A112 0.P11 12 3 M
193 FAM 4.73 0.T3 9.M e 35 6.%7 4.03 48 3 .5 20.7 1.13 0.21M4 4.48H 12 40 N
ten TAM -4.25 -4.25 4.M 1.1A 1.18 4. M 2R 24.0 29.2 1.N -4.k3214 %.7200 12 52 N
105 ESI 4.Je 4.34 0.M 6.3L 4.21 0.14 44 18.3 24.8 1.42 0.196e5 1.0313 1 13 to
164 E8e 2.79 1.0% 0.ad 0.4 4 3d 0.9% 231 15.7 24.4 1.90 0.4500 4.1W1 1 14 at

*
to? Ett 2.25 2.25 9.00 4.M e.2 0.07 1814 21.1 28.2 1.10 0.4912% 0.2422 1 58 to
190 Ett 2.75 2.15 0.00 4.li 9.M 4.%) 2Ad 21.8 28.5 1.03 6.42 chi 4.2873 1 41 to
iti Ett e.49 0.41 9.46 0.51 9.42 4.M M52 18.7 27.1 2.00 0.8Md4 1.4E 2 % te
110 Ett 3.36 3 3e 6.M 4.29 0.14 4.14 3129 15.9 25.4 1.Jd 4.4216e 4.ted 2 7 30
111 Ett 5.2d 4.22 1.8% 1.0 1. 0 9.0% NT3 29.4 27.1 1.24 6.55745 0. 1 75 2 M to0 112 E8e 3.% 3.11 0.7% 0.% 0.35 0.3d 21N 21.3 24.1 1.N 4.73:1 8 4.2'27 2 82 to
113 Ele 4.1% 4.1% 0.M 1.29 1.00 9.%2 3 18 18.0 24.5 1,42 9.4D/3 0.3623 3 to to
11% E80 2.5T 2.14 4.h1 2.11 1.03 1.14 255 19.6 25.1 1.11 6.46713 6.8521 3 21 to
115 Ett 1.55 0.83 4.72 2.2% 1.85 4.N k14 22.1 25.5 2.13 0.14458 1.442 3 da #
114 Ett %.5% 3.95 6.M 2.M 2.01 0.35 5eet 11.8 21.8 1.55 4.357* 4 4.5190 3 71 to
117 : Pee 2.8 1.51 1.30 1.75 1.N 4.N 218% 24.8 2%.3 2.10 0.51665 9.4728 4 13 at
118 :Pte 3.82 2.d? 4.35 1.2 0.35 0.98 5 25 23.2 21.0 2.11 0.23511 4.weh 4 17 to
111 :P90 3.30 2.19 6.52 2.W 2.3 0.14 %d8 22.3 21.8 1.M 6.29444 4.73 % % de to
129 SP90 2.00 1.78 1.92 2.'4 2.N 4.M 350 23.2 23.0 2.27 4.31M e.7357 % 43 to
121 3P90 2.3 2.03 0. 1 2.M 2.22 6.# 52M 2%.1 11.4 2.27 9.17748 1.2350 5 le to
122 :Pte 2.13 2.44 9.53 4. # %.29 4.31 5 25 25.4 11.4 2.13 0.22948 1.3700 5 13 to
123 :P90 7.52 5.21 2.23 d.15 5. 0 9.52 k1M 21.5 21.1 2.h3 0.71M7 4.8178 3 52 to
124 3 Pet 4.%1 2.3% 2.13 F.) 4. 0 0. ?5 INF 21.1 21.7 2.13 0.52N9 1. 4 18 5 55 to
175 3Pte 3.15 1.%72.4 d.11 5. h2 0. ?? %>d 28.8 22.1 3.M 4.h754 1.5471 3 M 80
124 SPts 4.1% 3.64 1.?O ?.M ?. h 4.45 4902 28.2 22.5 3.%4 6.J%% 1. des 4 3 to
177 3700 1.D 4.M 1.2% 4.A %.11 4. 0 2 40 39.2 24.] 1.Jd 4.18354 3.0% 4 37 N
129 : Pet 4.3 3.41 0. 0 7.1T ?.13 4.00 47 4 30.h 23.4 1.70 9.3M64 1.d459 4 de to
121 SPte 3.79 1.2% 2.%d 4.ds 1. A 6.90 2303 N.2 18.2 2.83 4. A244 1.244 i M to
114 1500 1%.05 11.32 2.73 13.41 12.M e. 72 5%# 30.4 14.8 2.4% 1.02Mi 4.12 # 1 3 84
131 1980 F.43 383 3.00 7.2r 4. # 4.# 5804 B.1 21.1 1.?6 4. # 447 4.9528 7 SS te,

112 1880 7.%2 4.57 2.85 4.P 3.88 0.71 4411 32.1 22.0 2.13 0.73M e.88t1 1 58 80'

| In 3800 11.55 5.7% 5.41 7.3L 4.18 1.11 3?58 32.8 19.2 2.k1 1.22HS 4. 0 21 8 10 8e
' 13% 1880 1.75 9.57 1.21 7.8f 4.44 1 #1 4 72% 32. ? 18.8 1.M t.15872 3.9719 8 13 to

135 5800 F.11 4.33 1.50 5.M %. 83 0.54 %%2 E.4 22.5 1.21 4.71221 6.481% 8 32 Mr
'

134 3000 d.52 %.34 2.22 8.M 7.% 6 64 hiM D.5 22.8 1.55 0.55343 1.2279 8 35 to
137 2 00 4.97 5.01 3. % F.%R 4.86 6.45 45T5 E.5 23.3 2.42 6.78%2d 4 8305 8 94 to
138 3 00 T.N 3.11 3.M T.1 4.14 1.15 %397 32.4 24.1 2.83 9.47228 4.9M2 8 97 80
IN 3500 8.h %.67 %.27 d.3 5 43 6.45 4675 3 .3 28.8 1.42 4.t1945 4.7536 9 44 le
144 tute 18.13 3.83 4.30 5.4 4.79 4.9e 3d12 n.4 27.5 1.42 1.M751 6 5a7 1 43 Se
1%1 met 10.51 8.13 2. % 3.D %. k1 0.10 3297 h.D 21.5 1.59 1.32034 4.5033 1 90 88

1%2 3808 10.7% 4.51 4.23 0.5d 1.3 1. 3 3dd R.% N.4 1.48 1.17281 6.Mto 9 13 to
I 1%) f400 d.M 3.12 3.%7 4.44 % 01 4.H M75 27. 0 25.4 1.%2 8.7144 1 9.4900 10 48 96

' 1%% feet 4.3 % 13 2.25 %.41 3.75 4.23 D5% 3 .? 27.0 1.34 4.7 # 10 0.4285 le 32 80

1%S FAtt 1.84 1.71 4.67 2.D 2.09 4.87 2220 24.9 IS 5 1.55 4.3D13 1.Mi% 19 M 90

0 144 That 1.k1 1.h1 4. 00 2M 2.40 4 81 k14 25.1 25.4 1.R 4.1J%1 2.8494 u 3 04
1%7 race 7.98 3.13 %.35 3.4n 2.23 1.25 IN2 22.1 24.1 1.17 1.78125 6.4341 u 47 lei

the (Ace 3.15 2.30 1.15 2.3 1.05 1. e4 2443 22.1 24.5 1.24 0 47315 0.6698 u 50 08

1%9 feet 2.44 1.M 4.74 1.58 1.54 4.30 1eet 11.9 12.4 1.k2 9.23 % 4.t124 u 47 M

159 fate 1.94 1.34 4. 2 1.W 4# e 00 11. % 21.4 1.84 4 7531 u M 8e

- _ _ ___ _ _ _ .
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O 131 raes 2.30 1.?] 9.51 2.72 1.61 1.41 1537 22.8 25.9 1.00 e.398549 1.18241 12 52 04
132 Tage 1.3d 1.54 0.44 2.00 1 #1 9.94 22%9 22.1 24.0 1.3d 0.277%57 1.31410 12 55 to
153 5D1 2.21 2.44 0.23 4.30 0.32 4.42 3431 17.1 25.0 1.21 0.254e94 e.218D 1 13 81
th 821 2.3 2.03 0.33 3142 14.4 25.4 1.11 6.341475 1 14 81
135 EIst J.M 3.M 21R 14.4 24.2 9.5303A 1 32 41
13d 5181 2.61 2.67 141 24.2 1.2 1 35 81
13/ Elst 2.%5 2.%5 6.47 6.28 c.19 4M 18.8 25.6 4.m 9.21490 9.1118h 1 97 81
138 5181 1.41.149.35 6.12 0.17 4.?S 39 0 1F.1 24.2 1.4 0.1%52 3 0.dhW 1 99 81
139 5181 1.42 1.42 0.42 4.71 0.17 2 019 18.3 25.3 1.M 6.224rt7 e.34790 2 W 81 |

14e ul81 1.h1 1.%1 6.84 4.37 6.21 442d 18.2 25.4 1.3 4.1400M 4.44993 2 53 Il
141 IIst 1.43 4.68 0.35 1.12 6.92 4 20 '41 11.3 23.3 4.55 0.121467 0.78322 2 94 81 !
142 5131 3.de 2.# 1.00 9.41 4.43 0.0; 4331 20.4 2%.4 6.317911 0.183D 2 99 81 |

143 IIS1 3.79 4.M 2.81 1.91 9.80 4.11 2132 29.1 23.9 0.12 9.48FT32 0.27297 3 42 81
1A 5181 2.83 2.28 6.39 1.47 1.h 9.13 5200 22.5 24.8 1.2d 0.211M2 0.51%3 3 45 81
145 BIst 2.% 2.% 1.21 1.81 4.22 3575 20.4 22.8 1.13 4.175ed7 4.54414 3 87 81
144 5I81 1.8d 1.46 4.4d 4.99 4 51 4.44 4442 20.4 22.8 1.80 4.134100 e 5322d 3 90 f1
la 1791 4.25 2.%d 1.11 2.87 1.81 1.64 54 * 2d.4 25.2 1.M 4.312270 4.4?d29 % D 81
148 1701 d.%2 %.H 2.41 4413 24.4 24.1 1.M 4.42#U] h 37 41
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O 1 777 11.sh d.02 5 82 1.81 4.83 3.05 30.3% 28.12 2.04 e.8D%d 4 4 77
2:577 7.87 3.61 4.44 7.18 %.84 7.38 42ee 30.3% 312 1.N e.7415 9.91233 7 1 77
3 M7 1.2e 4.36 h.44 8.45 4.3d h.29 7%se 31.82 28.A 4.13 4.M73 s.%e72 7 P M
% :577 8.35 4.70 3.45 3.76 1.5% 2.22 35M 30.97 28 45 4.4 0.5Hd 0.45634 7 h3 77
5 UN 4.4 6. 1 0.34 4.M %.05 2.21 V8e 21.M 21.S 1.e4 0.0628 4.32323 8 M 77
4 3577 5.D 2.33 3.M 2.43 e. 84 1.42 deJe 21.30 21.54 1.24 6.35J4 4.4421 8 D ??
7 :u77 4.w h.77 3.43 1.85 4.75 1.11 37e 2.9% 2%. A 1.13 e.8482 1.17242 8 73 N
4377 11.86 5.6% 4.02 4.28 2.47 1.81 523e 22.0% 2%. A 4.% 0.9811 0.3He8 8 77 77
9 3577 4.2 1.%4 2.92 3.44 1.9 1.49 AN M.84 28.14 1.13 4.2627 e tem 3 9 27 77

le M7 5.32 3.%3 1.81 5.J4 4 21 1.13 Ad2 M.4% 31.08 1.00 0.3293 1.00374 i G N
11 SET 7 2.3d 1.# e.H 5.81 4.14 1.01 4 48 M.4% 31.48 0.85 0.2H2 1.15743 1 # 77
12 T477 4.27 2.41 3.44 5.W h.M 1.35 26. .J.7% M.8e 4.82 4.4548 e.8#42 to 3 77
13 T477 4.2 1.V 3.07 3.52 2.78 6.7% S2B 3.7% M.4 4.82 6.N7 c.77533 10 7 77
14 f477 4.41 1.78 2.31 2.H 2.44 4 22 Ad2 11.48 27.48 1.M 4.2%82 6.71820 16 57 77
15 F477 3.35 2.00 1.85 2.10 1.51 4.51 4227 M.68 27.4 4.% 0.2473 0.5@5 le se N
14 F477 2.A 1.48 1.14 2.W 1.81 4.M 241 3.17 28.70 1.63 e.3544 4.9phes 11 1 N
17 F417 3.M 1.32 2.17 2.12 1.12 6.26 wh1 15.58 21.98 1.14 4.314] 4.87%5 11 V N
18 F477 4.41 2.11 2.36 1.42 1.67 6 35 %DT 15.58 21.98 1.14 6.4858 4.32200 11 56 77
11 F4N 1.7% 0.44 1.68 4.73 4.43 4.M 2A1 18.1% 25.30 4.% 0.248 8.41 4 % 11 W N
24 F417 2.59 4.D 1.84 1.11 0.84 4.25 hid 18.1% 25.34 0.12 6.MD 4.k2857 11 4 77
21 f477 2.0 1. 4 1.25 1.h? 4.M 0.88 15.44 27.90 0.41 4.50171 12 G N
22 F4N %.25 1.85 2.30 4.51 0.18 0.37 15.74 24.70 4A . 4.12 % 1 12 # 77
23 El8 -1.P -1.47 0.16 4.77 4 57 4.26 1H 9.26 D to 1.00 -3.W65 -0.5004 2 3 78
2% WS 2.# 1.48 1.H 1.10 e.43 e.%7 453 1.80 23.50 0.90 2.3574 4.k1199 2 7 78
25 Ele 2.M 1.37 1.32 2.58 2. M 6.M 10 0 12.90 25.50 6.N 1.ed22 0. 4 911 2 # 78
24 E78 1.85 0.38 1.47 1.27 1.21 e.04 im 13.10 24.8 1.M 4. phi 4.deM 2 G 78
27 E78 3.71 1,74 1.95 3.45 3.45 4.H 2eas 14.44 23.50 1.70 e.728 e.433 3 13 78
28 E78 2.2d 1.M 0.44 . %221 15.00 22.H 1.M 6.21h2 3 G M
21 ElO 2.21 1.25 1.4% 2.35 1.9% 0.41 Web 17.90 18.50 1.5 0.2000 1.02426 3 U 78
30 E78 2.21 6.48 1.D 3.25 ' 2.42 e.41 kMI 18.40 18.M 1.%2 6.2017 1 Ven 3 4 78
R 7 78 2.13 6.40 1.23 3.84 1.41 0.23 4291 24.20 23.10 1.5 0.2028 1.81221 4 23 M
32 778 1.72 4.45 1.77 3.4% 2.41 4 83 45 4 24.34 23.00 1.55 0.1M4 2.40000 4 27 ?$
31 778 7.e8 5. 2 2.03 2.34 1.44 e.74 200 D.10 2%.46 1.7e 0.521% 0.3N5 % D 78
h 778 4.78 6.82 3.94 4.17 2.22 1.15 35K 23.64 3.26 1.76 0.5304 0.87238 4 77 78
35 778 5.2% 2.G 2.41 5.11 4.A 6.55 MI4 2d.10 23.10 1.48 6.425 7 0. 9 844 5 27 78

O 34 7 78 5.02 2.G 2.31 1.k1 8.M 1.32 Mi1 24.94 23.30 1.M 4.461% 1.87%50 5 30 M
37 778 3.e5 0.77 2.28 2.0b 2.18 6.44 24A 24.44 11. # 1.2d 0.4500 0.iM13 5 # M
38 7 78 4.N 2.65 2.3% 3.71 2.42 1.41 55M 24.74 21.20 1.E 4.JWe 4.77%U $ 74 M
N 778 5.47 2.52 3.15 %278 21.50 2%.00 1.3d 6.5302 4 27 78
h6 7 78 . . hen 29.34 23.9e 1.3 4 M 78
kt 778 7.71 4.k2 1.21 d.M h.D 1.57 4114 27.20 25.98 1.44 6.M3 4.t1712 4 N 78
42 778 5.81 2.77 3.04 5.35 4.04 1.35 35K 27.96 26.30 1.21 e.425 0.92e83 4 le 78
43 5578 4.42 1.45 2.% 7 3.7% 2.64 1.e4 3s3e M.H 22.56 1.13 e.4414 4.8hd15 7 23 ?8
4' 'E78 5.17 2.57 2.H 4.3% 3.7% 0.H h1M M.84 2%.Je 1.13 e.49% 0.83 % 4 7 27 78
h5 W8 1.00 3.53 4.27 6.1% 4.1% 0.00 koM 3.H 23.90 1.40 6. 9 13 0.6243 7 74 78
bd SETS 8.47 h.18 3.51 7.87 4.50 1.37 P% 28.80 25.26 1.14 e.MM e.t294 7 D M
41 3578 %.4 2.44 2.15 3.11 1.4 1.15 307% M.20 21.58 4 87 4.47H 4.dN2 8 17 78
%8 3578 4.M 1.17 2.32 3.29 2.41 4.48 25e2 M.44 13.18 1.63 4.48M 4.74496 8 20 78
41 3578 %.72 2.U 1.71 3.47 2.95 0.72 4762 31.1 0 2%.40 0.85 0.3W5 0.7715% 8 M M
30 3578 7.77 4.N 3.00 d.98 4.41 0.57 4162 30.90 25.00 4.9 4.4527 e .8433 I U 78
3 3578 d.hd 2.40 3.54 5.01 4.14 4.H 3K1 21.20 28.30 1.14 4.73H 0.78173 9 70 78
52 3578 hAd 2.he 2.64 3.41 3.21 e.32 106 M.40 28.50 1.10 e.k333 e.8e%2 1 73 78
53 F478 4.22 2.2d 1.94 2.57 2.57 0.H 2972 24.30 21.70 1.3d 6.548 0 0.4e90s le 3 78
h f478 5.08 3.26 1.88 M30 24.30 32.10 1.21 0.5305 le 20 78
M F478 3.35 1.70 1.d5 %1M 24.44 32.00 1.42 4.3234 10 23 78
54 felt h.15 1.50 2.45 3.77 2.71 1.e4 3227 3 .76 28.54 1.5 0.5144 0.9ech3 le 77 78
37 T470 2.88 1.% 1.4% 1.H 1.58 e.35 22.00 28.50 1.14 9.470th 11 P 18
58 F478 2.d 1 A1 1.25 5.21 5.21 e.00 . 3 .90 28 .54 1.43 1.15845 11 46 78

H F418 %.72 2.14 2.34 2.7% 1.93 4.81 23E2 21.76 27.76 1.17 6.TH2 o 50001 11 97 78
de f478 3.22 1.2d 1.H %.1% 3.1% 1. H 2D6 22.de 27 N 1.55 0.550 % 1.28571 11 N 78
41 f478 1.32 0.72 8.de 0.54 eA7 e.49 1NS 13.94 24.10 6.M 0.M75 4.42%2% 12 50 78
42 F478 1.90 1.M e.90 1.02 4.87 4.15 27%3 14.H 24.38 e.M 4.2771 0.53604 12 9 18
G (478 1.29 e.3 e.41 1.90 1.44 e ce 2443 14.00 24.90 1.4 0.1902 1.58333 12 !? 18
A EN 2.% 1.d4 1.28 6.39 4.38 4. H 2442 10.10 25.74 1.12 8.%18 0.12925 1 17 N
45 EI71 2.46 1.d4 0.7% 0.81 -0.20 1.01 1775 11.44 24.M 4.81 4.M8 e.3P54 1 24 N
d4 E79 2.95 1.22 1.73 1.74 -0.42 1,72 2006 12.M 2%.00 1.M 4.5473 4.57427 1 N N

- 47 E79 1.M 0.87 2.2d 322% 12.76 2%.30 4.25 1 83 N
68 EN 3.12 1.72 1.44 1.07 1.47 0.00 1750 14.30 2%.50 1.31 0.7131 6.Jk215 2 9 79
di EN 2.66 1.21 1.45 2.61 1.34 4.71 2022 15.30 25.20 0. '2 e.5242 4.78571 1 7 79
to EN 2.31 1.17 1.1% 3.33 2.e2 e 71 248 15.96 25.40 134 4.3101 1. % 15 4 3 to NO 71 EN 1.M 1.17 082 1.72 9.4 4.74 32%d 17.20 24.8e 1.k2 e.2452 e 1A32 3 57 N
72 E79 3.39 1.9 1.40 2.51 2.31 e 20 % 17 17.30 27.28 132 4.M70 0.7404 1 3 de 79
TJ Eli 1.21 1.k2 1.84 1.H 0.73 4.87 4 33 20 to 23 8e 1.33 0.2921 e . 40138 3 89 N
7% 7 79 2.J5 1.11 1.2% 0.H e 41 0.51 kiil 21.H 2J .10 1.27 6. 22%! o.39149 4 3 M
T3 7 79 3.00 1.3 221 4.39 2.82 1.57 M19 24.!4 24 le 1.71 0.4177 1.15:24 4 70 79
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74 tm 4.32 2.75 1.77 k.M 3.81 4.52 35N 2%.1 25.0 2.2M e.51D1 6. W12 % T3 79

O 77 tm 1.13 1.2% 1.4 2. 2 1.90 4. ?S Ale 24.4 23.9 1.M4 4.3dte 0.8500 5 !? 71
19 !PM %.d4 2.83 1.81 . . Ale 27.0 23.4 1 270 0.34443 3 24 Ti
N 1Pli 1.4 3.01 6.90 d.38 3.00 4.78 32 # 23.d 24.4 2.8N 4.297}e 1.4029 9 # 19
De 1m 1.41 1.23 2.30 9.1A 7. ds 1.51 hit 2%.8 24.1 2.830 4.243M 2.5374 5 di M
$1 tPM %.21 1.82 2.W 3.%7 4.73 0.72 JW6 30.3 27.8 2.ees 4.SoM2 1.2731 4 27 N ,

'
82 1m %.70 2.3d 2.h 8.44 8.67 4. 5J 43D 21.4 27.3 2.270 e.hDie 1. 82 4 4 30 79
83 im 3.G 3.1% 2.49 4E 3. 72 1.21 3D3 N.4 M.4 1.420 4 %2%# 4.8757 4 83 71
8% tm 4.32 2.94 1.5d 8.e4 4.D 1.33 43 # 21. 8 30.0 1.400 e.%1W1 1.7814 4 ed 79
e5 tun 4.43 2.8) 3. de 7.06 5. 9 1.4 %dge E.1 20.4 1.iet e.947 1.213t T 27 N
ed 35M 7.12 3.44 1.32 8.1L 7.44 1.31 W81 30.8 21.0 2.238 4.Mh% 1.2314 ? D M
sr 15M d.27 3.11 2.54 8.D F.% 1. e4 3e14 M.3 27.0 1.420 0.8R54 1.4322 ? TT M
80 15M d.# 3.34 3.2d u.17 9.13 1.W 3320 21.3 28.2 1.420 4.M5# 1.4873 7 81 Ti
M tum 3.2 2.7% 2.80 %.N 3.31 1. e4 3242 N.% 23.9 1.210 e.#Us 4. 82M $ 11 M
90 1EM F.02 3.11 3.83 4.M d. M 6.04 3 70 29.8 24.2 1.48 0.8838e 6.w?2 8 D M
4 35M 8.82 4.47 %.13 F.14 5.11 1W %2A 30.0 27.0 1.090 0.82724 e.8132 8 di M
92 1871 7.9 % 17 3.00 8.10 4.96 1.Je 4306 30.3 27.1 1.M8 4.70754 1.e2M 8 43 M
iJ tuM 2.N -0.18 2.5 3.31 %.12 1.19 3562 21.1 28.4 1.344 4.2439e 2.2346 9 27 M i

% *EM 2.# 647 1.9 F.D 4.10 1.23 3D3 21.0 M.e 1.890 4.31110 2. 82M 9 N 19 |

95 FAM 3.k1 1.82 1.M 3.JT %.12 4.47 4243 24.1 28.1 2.J50 4.XM4 1.3004 le 14 M
% F4N 3.44 3.10 2.3d %.M %. he e.M 3751 24.8 27.1 1.720 0.3475 4.90 10 11 M
97 F4M 3.21 2.91 2.20 3.74 3.21 4. V 3000 2%.8 21.4 1.Jde 4.? tete 4.?!35 le 41 79 |

4 f 4M 7.90 3.98 2.82 7.it 3.38 1.%) 2312 23.0 28.] 1.3m 1.12374 e.8873 le 43 M
M FAM 3.3 1.23 2.1% 2.k1 2.43 0.00 2213 U.8 20.0 1.les 4. # 371 0.?273 11 ? M

100 FAM 1.21 2.22 e.H 2.4 2. e2 e.G 28M 22.4 28.3 1.210 0. 4%TM e.8253 11 le M
tot FAM 3.2% 3.2% 0.00 %.4 4.13 4.50 2W9 1F.2 20.0 1.000 e.3Dec 1.kN2 11 53 N
102 F4M 5.80 3.32 2. 4 3.81 2.02 1.35 2431 17.2 27.9 0.830 e.8731% 0.4d72 11 57 N
103 F471 3.M 2.33 1.m 2.70 2.70 4.00 3077 14.7 28.5 1.310 0.%ddM 0.7321 11 M N
ten FAN 2.01 1.31 9.42 1.W 1.N 4. M 23 5 13.8 21.9 1.%2e e.h5N 4.7214 12 3 M
105 FAM 1.21 453 4.4 ele 4.47 0.13 to 11.4 28.6 0.710 0.4930 e.449 12 60 M
ted TAM 1.11 4.67 1.4% 0.2% e of 4.11 2B 18.1 28.3 0.7m 1.92200 0.2142 12 32 M
147 3.81 1.73 2.80 %.he 3.2d 1.1% 2229 22.? 24.1 1,41 9.4%e2 1.1R9 e i H
100 EIB8 4.74 2.11 1.71 4.42 3.4T 0.93 41 4 22.1 24.4 1.481 4.43714 e iled 1 1 M
1M 5180 0.21 0.21 e.R 4 et e.%) 44 12.4 27.3 9.890 e.De23 1 dd# 1 13 le
11e IIIe 0.45 0.64 e.R e.se 4.13 9.35 2N1 11.1 27.% 1.200 e.67456 1.5111 1 14 le
til EIB0 9.43 4.%) 0.00 4.Tl e TT 4.00 1st 14.1 27.4 4.Me 4.09503 1. M61 1 30 M

O 112 EDe 1.61 e.44 4.3F -0.01 -4.01 0.00 2d34 14.4 20.1 0.779 0.137%1 -0.teW 1, 41 to
1 0 8100 0.03 4.63 0.00 4.15 0.20 0.27 342 U.2 24.9 1.700 4.0038% 18.IH3 2 % to
11% IIIe 5.40 3.43 2.e5 1.10 1.20 0.04 3120 11. 4 2%.3 1.248 4.?s23d 0.2190 2 ? H
113 EIS6 1.9 1.11 0.84 1.d 6.A 4.4 PT3 13.1 24.7 1.1N e.20003 4.333 I 2 79 to
11d HDe 2.13 1.33 4.82 4.k 4.21 0.5 21M 17.8 2%.3 4.M4 4.40204 4.40 0 2 82 to
117 EISe 2.26 1.27 4. 9 . M18 13.8 2%.2 1.40 0.23eH . 3 24 8e
118 EIts 2.M 1.07 1.12 2.M 1.99 4.81 2323 11.1 22.4 1.420 4.WNd e.tD1 3 21 H
119 520 4.3d 0.44 6.14 3.TI 2. W 4.14 41W 20.4 23 I 3.440 4.998% d. 4407 3 4 et
120 ED0 2.90 1.47 1.23 3.75 3.23 4.5J 3000 11.4 13.7 1.350 4.22835 1.30h 3 M et
121 1780 1.4 9.31 1.43 1.10 1.d4 0.22 21m 22.1 23.4 2.290 6.Md79 1.14e5 % 13 H
122 1790 3.# 2.60 1.32 3.% 3. 81 0.13 3125 21.3 23.% 2.34 0.20040 1.0%% 4 17 H
123 1700 1.83 1.J3 4.4 2.5 1. A 4.87 hete 21.3 23.4 2.%36 4.13086 1.JUN % # M
12% 1700 1.01 4.31 4.4% 1.48 1.k1 6.2% 35e 21.4 23.% 2.424 0.11No 1. GIT 4 43 H
123 IPte 2.55 1.28 1.3T 2.% 2.10 6. 2 SIM D.2 13.2 2.%N 4.2147 1.0314 5 10 84
124 1790 3.A 1.25 2.3d 4.W 3. M 1.N 3123 D.1 23.3 2.00 4.29174 1 2327 3 13 80,

127 1700 %.53 2.77 1.74 3.2r 3.32 e. 00 41M 27.2 13.6 3.%ee 6.%3254 1.174% 3 32 Se
128 5750 3.04 1.9e 1.4 3.47 3.47 0.00 INF 27.4 2%.1 2.8N 4.43504 1.%171 3 33 84
IN 1700 1.7% 1.e4 1.8d 3.83 1 ?! 4.1% hmd 24.7 22.8 2.%38 4.32984 1.02% 5 M to
130 tree 4.00 2.19 1.M 8.2d 4.40 1.44 Wet 24.8 23.4 2.830 e.712U 2 42%5 4 3 to
131 !Poe 4.2d 3.T3 2.33 %.59 1.47 1.e4 5148 29.2 24.3 1.2# 4.48714 e 720% 4 57 H
LJ2 !Pte 3.N 2.%% 2.12 8.47 8.23 0.2% him 20.7 24.% 2.De 4.w4dd 1.5802 4 # H
131 1780 2.9% 0.94 1.88 3.21 4.21 4.97 S;3 21.2 22.7 2.800 e.3h32 2. 5d37 4 M M

t th *We S.A 3.48 2.14 4.D 8.02 0.23 ># 29.4 22.1 2.996 4.k1244 1.4429 7 3 to
i 135 !We 4.7v 2.14 2. 3 4.80 3.96 4.90 Seed 30.3 22.4 1.79e 4.31355 1.02 0 ? ?S 86

13d tuse %.) 2.31 2.03 1.D 1.e4 e.% beti N.e 21.3 2.8N 4.kB'5 e.9171 1 38 H'

13? *We 3.0 2.2% 2.M 3A5 2. 4 0. 0 3r30 E.1 11.1 2.130 0.hdow 4.7113 8 le et
1N SWe 4.01 2.11 1.90 %.D 2.4 1.37 W2% R.1 21.4 2.13e e.3M7e 1. eN I D 84
1M 150 %.M 2.13 2.2d 4.29 3. D 4.9 %%%2 21.4 2%.2 1.170 e.%M33 4.8347 8 32 H
144 558 3.9% 3.10 1. % %.74 2.%8 1.88 WM M.2 2%.4 1.tM e.42911 4.8431 4 35 at

| 1%1 tube d.N 3.22 3.1% d.41 3.18 1.43 4573 29.3 27.e 2.000 e.35487 1.0423 8 % 84
| 142 tuse d.00 3.44 2. 4 3.1T 3.4 1.17 %ET 21.4 27.e 2.130 e.35310 e mit 8 U Se

1%) 158 3.29 1.38 1.82 4.1/ 3.35 4.81 4673 20.4 21.1 1.let 4.J1411 1 Jeet 9 W 84
14% !sse %.20 2.37 1.43 1.19 2.22 4. V 3d12 28.4 21.4 1.430 4.%350;e 6.7395 1 43 to
145 150 3.42 3.47 1.95 3.61 4.11 0.82 3297 30.1 25.h 1.M e. ?9M7 e. M13 9 9e le
1%d *We 4.00 2.42 1.N d.14 4 74 1.3? 1d43 N.] 28.8 e.44 0.43320 1 enD 9 U It

O 1W feet 4.3d 2.H 2.47 2.'e2 1.h3 6.V 3679 2%.] 23.3 1.219 8. HM2 e. 5307 le 68 44
the fees 3.M 322 2.77 3.21 1.44 1.77 DR 2%.? 23.3 1.ede e ?bP 4. 5M2 to 32 14
1%9 fece 2.67 1.43 0. 4 2.%3 1.44 e 97 iM2 11.0 24.2 1.340 e.44245 1 1731 11 47 84
150 feet 1.N 1.01 0.78 2 T7 1. k2 4. 95 2dG 19.7 24 e 1.364 0.2807 1.32%4 11 5e It

i

e
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85Outer Control Bay (C) ,

:et ris n a a Fuen e en ma8 ass.rtw 1*L cn ac7 tra m neu aru au ma

O 131 FAtt 2.08 1.97 8.00 2.M 6N 1.11 3d47 14.2 23.2 1.17 4.227334 1.01951 11 97 80
132 FAtt 3.82 3.44 0.3d 1.31 1.11 4.41 13.8 24.4 1.%$ 4.JT791 U M M
133 rete 2.43 p.M 1.e4 6.11 9.44 0 13 1337 14.4 23.3 1.ed 0.328M2 4.34%d 12 32 M
134 fete 1.13 431 4.42 9.4 6 de 4.34 22M 13. 8 3 .3 1.43 6.200978 6.3H34 12 33 96
133 En 1.32 C.43 4.M 0.43 -4 31 4 9e 3d31 U.h 23.8 2.63 6.144334 4.282M 1 13 81
134 En e.% 0.44 4. 4 3142 16.9 23.9 1.9e 6 UM12 1 14 E
137 E81 1.t* 6 84 e.29 6.40 0.10 4.30 20e 9.4 23.1 0.92 6.2XJU e.40e04 1 32 21
134 Ett -4.24 -6.49 6.23 . 8.4 23.1 0.M 1 33 81
131 UE 2.9 6.17 2.?O 0.41 -0.12 0.13 hdh3 12.4 23.h 6.23b4N 4.1398 1 97 t1
14e Cat 2.49 4.41 1.00 9.ft -9.03 t. as 39 0 12.7 24.8 1.10 4. M U 4.h1R 1 M M
141 En 1.1% 9 I? 6.27 6.R 4.79 0.01 2R10 U.7 24.3 4.141742 6.71033 2 44 81
142 EM 1.33 e.74 6.82 6.F 4. 3h 6.31 W2d 12.5 24.8 4.13e86 0.33643 2 33 21
143 E n 2.60 1.23 1.D 4. N 4.43 0.17 4727 17.4 26.1 e.44 0.208654 9.33643 2 94 81
144 EM h.42 1.14 2.44 4.87 6.47 6.33 4331 18.6 24.2 0.83 6.J40241 0.18332 2 M B1
143 Ett 2.3d 0.M 1.P 1.11 0.43 0.76 2132 14.9 24.4 1.06 4.kMdd2 8.W721 3 42 21
144 En 2.03 1.34 6.D 6.M 6 84 3206 17.0 24.9 1.21 4.136134 4 423d3 3 43 31
167 1I81 1.37 4.79 6.78 1.5 1. 0% 0.31 3373 17.7 24.3 1.79 0.112Ad 6.98724 3 87 tt
144 E81 1.M 1.42 4.47 1.ht 0.61 6.87 46d2 19.1 D.8 1.00 0.142142 9.MM7 3 96 81
149 IPt1 1.17 1.30 0.39 h.d4 2.31 2.3B 588: 22.4 24.4 1.70 4.1447h? 21971 4 D 41
178 1PM 1.hd 2.11 1.27 4413 D.h 23.3 1.h 4.230091 4 37 41
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CSS !PECICI SEAS P.Clid C.YI 'tC.9 TEAT I. ~.0L P3 FI;3Ti TS UiSIX C."T; N L7;I:3 2M :.".4! STH7 LITT LCA iLU Z R

O1 J !P 5 8 ?? f. 3111 4.88 2.t3 7.77 650.0 274 0 1.37 1140 63418 105.0 0.! 102 16.0
2 J N 7 20 71 C bli? 5.06 1.73 6.78 446.0 3(3.0 1.8s 9L1 7F 2.1 109.0 0.0 169 0.0
3 J FA 10 10 77 C 3fil 2.69 1.47 4.15 549.0118 01.d41530 1315 2.9 133.0 0.0 th 2.4
4 J WI 2 2 7e C 413 1.07 1.05 2.12 433.0 2id 0 0.D 575 91 2.1 102.0 0.0 120 0.0
5 J SP 4 8 78 0 4761 5.07 2.47 ' 7.74 29*.0 150 0 1 51 939 9h 2.0 .103.0 0.0 181 4.2
4 J SU 7 1 76 C 24:7 3.46 3.28 6.93 529.0 3i5.0 1.05 1230 1250 2 3 112.0 0.0 293 0.0
7 J TA 9 24 78 C 2ii9 2.49 1.27 3.75 341.0 3/8.0 1.58 1450 U: 3.0 120.0 0.0 20 0.0
8 J UI 1 4 74 0 2119 2.5i 0.97 3.45 298.0 2(4.0 2.25 434 617 2.1 103.0 1.4 45 0.0
9 J 1P 4 4 79 C 3479 4.% 1.24 d.19 294.0 3%.0 2.711136 9118 %.1 11.2 152 4.8

10 J !U 4 14 Ti 0 5370 4.% 1.2d 8.20 541.0 532.0 2.69 948 830 1.1 9t? 0.0 lii 3.2
11 J FA i 12 74 C 24 1 3.44 2.38 5.82 410.0 94.01.25 U2 1250 2 3 118.0 4.8 205 0.0
12 J WI 1 3 EC C 2ii3 2.82 1.74 4.58 4U.0 3W.01.521070 1210 2 2 97.7 0.6 68 0.0
13 J SP 3 2R 80 C I'98 6.40 2.33 8.83 698.0 270 0 1.99 %s 73 1.4 84.3 3.2 222 1.6
14 J 5U 7 4 8C C 2441 5.86 2 11 7.98 549.0 272.0 1.41 1020 8:3 2.0 103.0 4.0 252 0.0
15 J TA 10 5 80 C 297 9.42 2.84 12.24 426.0 i.67.0 2.13 15/0 131o 2 5 116.0 7.4 133 0.0 -

14 J WI 1 4 91 C 1733 4.49 1.06 5.55 518.0 331.0 . 1353 1115 - 115.0 1.8 202 0.0
17 J IP 5 1 77 T 459 3.01 4 40 7.di 450.0 222.0 1.02 938 715 1.5 91.0 3.2 153 2.4
18 J SU 7 24 77 T Mil 4 .71 2.0a 4.00 715.0 773.0 1.42 1350 1310 1 1 100.0 2.0 .

0.019 J FA 10 4 77 T 431 1.52 1. w 3.00 494.0 173.0 1.12 1510 1110 2.2 103.0 5.4 197
.

20 J WI 1 31 78 T M5 1.14 1.01 2.15 532.0 357.0 1.17 692 Gio 1.f %.7 0.0 63 0.0
21 J IP 4 11 7d T 5E0 3.39 2.48 4.57 739.0 518 0 1.28 950 104 1.4 Sd.7 5.7 277 f.?
22 J S'J 7 6 73 T . 1.49 2.3d 3.55 487.0 dE2.0 0.761700 114 7.5 91.4 3.3 377 0.0
23 J FA 9 2R 78 T M5 3.90 1.46 5.56 700.0 433 0 1.77 1430 12M 1 8 102.0 2.3 274 0.0
24 J WI 1 11 79 T Ifik 2.97 1.04 4.02 431.0 415.0 2.17 691 10?? 1.9 102.0 12.8 210 0.0
25 J !P 3 31 79 T 3i33 4.82 2.16 6.98 816.0 751.0 1.83 1160 1010 1.4 85.7 6.4 131 0.0
24 J 50 4 15 79 T 4337 5.08 1.48 6.54 612.0 532.0 1.83 1120 15014 34.9 12.8 170 0.0
27 J FA 9 11 79 1 3100 2.41 1.41 4.03 L53.0 410 01.19 8% 12e0 1.3 91.0 8.3 242 0.0
28 J WI 1 5 do i 2196 5.93 1.21 7.14 710.0 500.0 3.50 1200 G 0 1.7 % .9 23.2 191 0.0
29 J SP 3 26 C4 7 2{i3 5.61 3.13 8.91 746.0 424.0 1.24 1100 . 0 1.9 78.6 9 6 233 0.8
30 J SU 7 11 90 7 2h3 3.59 2.61 d.20 541.0 "s?.01.021130 1520 2.2 94.4 13.1 450 0.0
31 J FA 10 11 80 T 2rd 5 3.55 2.50 4.01 584.0 530.0 1.22 1130 109 1.9 93.7 8.8 182 0.0
32 J W1 1 6 61 1 27s? 0.78 1.32 2.10 701.0 4 % .0 1270 Od 93.6 2.2 110 0.0. .

31 S SP 5 8 77 C L'io 1.% 1.42 3.36 71.0 101.0 1.19 338 434 d.0 86.0 . 54 0.0
39 3 SU 7 14 77 C 1033 2.50 1.69 4.19 42.5 27.1122 510 167 3.4 83.0 0.0 237 .

( O 35
S FA 10 10 7/ C 3361 1.51 1.38 2.69 U.1 14.01.13 784 N84 92.0 0.4 207 11.1

,) 3d S WI 2 2 78 C M3 0.19 0.18 0.37 77.0 44.0 0.94 150 321 3.8 59.0 0.6 101 0.03/ S SP 4 0 76 C 4ift 1.03 2.04 3.0? 75.0 4.0 0.47 224 472 2.8 70.1 0.4 205 0.0
33 3 SU 7 1 78 C 24'.7 2.82 2.90 5.72 47.0 49.0 0.91 453 533 d.8 64.7 0.0 357
34 S FA i 24 78 C 2479 2.50 1.19 3.69 120.0 43.0 1.73 1140 513 9.4 80.0 0.9 273 13.8

.

40 $ WI 1 4 74 2 2119 2.79 1.07 3.86 115.0 70.7 2.04 413 811 3.5 55.7 5.7 104 0.0
41 3 SP 4 d Ti C 3'79 1.98 0.45 2.43 92.0 125.0 1.93 184 512 2.0 55.9 4.4 211. 0.0
42 S SU 4 14 74 C 5F0 3.72 1.03 4.49 73.8 70.2 1.91 3/4 %4 5.4 70.0 3.1 175 .

43 3 fA i 12 79 C 2401 4.42 1.34 5.96 121.0 39.8 2.18 425 500 5.4 60.1 1.3 212 4.9
44 S WI 1 3 CC C 2315 0.90 1.31 2.431h.0 71.1 1.12 474 3?? 3 4 55.7 1.8 132 5.3
45 3 SP 3 26 60 C 3M8 1.19 1.52 2.71 103.0 62.2 0.90 43 40 3.9 61.3 3.1 152 1.3
44 S SU 7 4 80 C 3441 4.03 1.49 5. h 119.0 64.0 1.59 248 311 ? 4 70.7 1.8 152 .

.

47 S FA 10 5 80 C 2"77 3.49 1.54 5.28 114.0 57.8 1.68 1060 410 9.5 77.1 12.1 11/ 24.4
48 3 WI 1 4 81 0 1733 0.% 1.20 2.13 . .

395 341 2.8 40.0 2.0 97 0.0
.

49 3 SP 5 1 71 T 4n2 1.84 2.91 5.77145.0 id 01.07
. . . . . . .

50 $ SU 7 24 77 T W8 3.32 1.20 4.52 126.0 7+.7 1.82 609 210 4.9 73.0 8.0 .

7.151 S FA 10 6 77 T 4141 0.81 1.14 1.95 91.5 9.4 0.3d 564 182 5.4 80.0 10.4 134
.

02 S WI 1 31 78 T 05 1.18 0.54 0.73 230.0 25.0 0.51 322 283 1.4 42.0 1.1 0 0.0
53 3 SP 4 11 78 T 540 2.95 2.73 5.68 190.0 115.0 1.04 312 3.'i 1.8 51.5 8.0 303 0.0
Si ! SU 7 6 78 T . 1.79 2.21 4.38 144.0 102.0 0.84 424 7:4 3.0 71.4 1.4 247 .

55 S TA 1 22 70 T 95 2.19 1.09 3.23 154.0 100.0 1.85 695 24 4.8 63.0 9.3 314 2.2
56 3 W1 1 13 79 T 2fik 1.11 0.49 1.45 221.0 101.0 2.03 324 351 1.4 3i.4 8.9 220 0.0
57 3 39 3 31 Ti T 3i13 3.52 1.57 5.09 211.0 if5.0 1.60 272 471 1.1 41.4 6.7 201 0.0
53 S SU d 15 74 T 4337 4.04 1.42 7.d4157.0 53.3 1. % 472 '84 3.0 57.2 12.4 167 .

Si S FA 9 14 7'1 T 3U0 1.70 1.23 2.93 179.0 52.9 1.12 720 1944 50.0 10.2 208 7.1
e0 S WI 1 5 80 i 2196 -0.39 1.32 0.92 259.0 98 2 0.41 485 170 1.9 42.6 20.9 lid 7.6
41 S SP 3 24 80 T 2453 3.51 2.31 5.82 215.0 115 0 1.30 412 323 2.0 L4.2 15.6 239 3.1
42 S SU 1 11 to T 2443 2.60 2.09 4.di 153.0 64.4 0.94 754 223 5.0 42.8 10.0 145 .

43 $ FA 10 11 to T 2615 2.28 1.?? 4.03 209.0 45.8 1.13 970 2io 4.7 51.1 24.0 154 36.0
64 S MI 1 4 St i 2767 0.05 0.79 0.% .
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INTRODUCTION

Ot

Pursuant to Section 3.1.4 a-b of the Crystal River ETS Program,

dissolved oxygen concentrations in the outer bay and discharge canals

were measured bi-weekly during 1981. Prior to May, 1981 (Quarter 1),

these data were collected by the University of Florida as part of

their estuarine and salt marsh metabolism studies. Metabolism

studies at Crystal River were completed during April,1981 at which

time Florida Power Corporation staff assumed responsibility for

collecting the outer bay and discharge canal oxygen data. This

report presents oxygen data collected during the period May-December,

1981. (Quarters II-IV)

RESULTS

Table I summarizes water quality data collected at Crystal River

during Quarters II-IV, 1981. Station locations were consistent with

those reported in previous Annual Reports.

Temperature values in the Crystal River estuary follow seasonal

patterns consistent with those exhibited in other near shore coastal

areas of Florida. The minimum winter temperture recorded in the

outer bay was 12.00C. Maximum values in the outer bay and

discharge canal were 33.0 and 39.50C, respectively.

Minimum and maximum dissolved oxygen values at station 1 ranged from

2.0 to 10.8 ppm, respectively. Similarily, minimum and maximum

values recorded at station 2, discharge canal, were 3.9 and 13.6 ppm,

O-- respectively. There were no consistent between station variations

evident in the data.

.- . . . _ . -
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('~3 TABLE 1: Summary of Chemical-Physical Data Collected at Crystal River
s__/ During the Period April-December, 1981

SAMPLING STATION DISSOLVED OXYGEN (ppm) TEMPERATURE (OC) SALINITY (ppt)
QUARTER mean min / max mean min / max mean min / max

Dusk 6.7 3.0/11.1 27.8 23.0/32.0 27.7 23.6/29.2
1

Dawn 6.3 2.1/10.8 25.8 21.0/25.7 27.1 24.6/28.3
II ---- -- -------- --- ------- -- - -- - - - - -

Dusk 8.3 5.1/14.2 33.4 28.1/38.8 30.2 27.2/32.5
2

Dawn 8.6. 5.0/13.6 31.9 28.0/35.0 29.6 27.3/31.6

Dusk 5.8 2.0/10.0 31.1 28.5/33.0 30.4 27.3/33.6
1

Dawn 4.2 2.5/6.0 29.1 25.6/31.0 30.7 29.1/33.8
III ---- -- -------- --- ------- -- - -- - - - - -

Dusk 5.7 4.3/7.3 37.2 33.4/39.5 31.9 30.2'/35.1
2 .

] Dawn 5.8 5.0/9.0 36.1 32.5/38.0 31.4 30.3/32.5

Dusk 7.9 6.2/9.5 19.8 15.3/24.8 28.1 27.5/30.8
g-~) 1

(,,f Dawn 6.8 3.9/9.1 18.2 12.0/23.2 29.6 14.7/30.7
IV ----- -- -------- --- ------- -- - -----

Dusk 7.1 5.4/8.6 24.6 18.0/31.5 29.5 25.6/33.8
2

Dawn 6.8 5.0/8.4 23.1 17.0/29.0 28.8 18.1/32.1

O

.
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