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SUMMARY

,q This is a report on the first year of a multi-year project of
V

measurements of metabolism of estuarine ecosystems affected by power

plants near Crystal River, Florida, made on contract with Florida

Power Corporation. Included are measurements of the inner bay, the.

adjacent outer bays, the marshes, and the canals, all of which receive

cooling water discharges, and similar areas not affected by cooling water

discharge which are used as comparisons. The stations and sequence of

sampling were selected to satisfy the Environmental Technical Specifica-

tions (ETS). Comparisons were made between the new conditions developing

since a third power plant (unit #3) went on line January, 1977, and the

pattern which had developed in 1974-75 after two plants had been in

operation for 7 years.

I Both stimulation and depression of community metabolism were observed

I in the bays affected by increased discharge. In the preoperational study,
I

I the productivity of the inner discharge bay was appenvimtely 50% of the
|
| productivity measured in the control bay (Smith,1976). In the present

|

| study (1977), productivity in the inner discharge bay was 10% of the
!

productivity measured in the control bay. Movever, the current (1977)

measurements contain only three quarters of data (two with a sufficient

number of data points for statistical analyses).

Since measurementa et g!mtton productivity levels in this bay made

with bottles did not decline significantly from preoperational levels,
j

( the decrease in metabolism is attributed to a reduction in the benthic
I

production.t

I There were no discernable differences in turbidity between the pre-
I

' g,e y operational and present study in the inner discharge bay. However,

Secchi measurements in the inner bay were not as reliable as in other

III-l
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areas because the bottom is cometimes visible. The range of turbidity
(''N !(,,) was larger in the present study, indicating that at times more turbid'

wate,r was present.

,

During the spring, fall, and winter seasons, the outer discharge

aay ecosystem increased productivity as compared to the control bay.

There was a delay in the peak of summer productivity in the discharge

bay which corresponded to a decrease in plankton productivity. Considering

both bays together, the discharge bay productivities were higher than

control values. In the outer bays, changes in turbidity were small and

in only two seasons.

Increased flows in the intake canal as a result of the pumping of
,

the nuclear plant appeared to have no consistent effect on community meta -

bolism. Measurements of community respiration and gross production were -

() higher in the present study in the discharge canal with less net produc-

tion as compared to values in the intake canal and discharge canal prior

to operation of unit 3.

Measurements of marsh biomass and metabolism were similar to those

before operation of unit 3.

The decrease in ecosystem functions in the inner bay may be temporary

as self organizational processes adept the estuarine ecosystem to new

conditions. Future measurements should indicate if there is partial or

complete return to earlier metabolic levels, and whether or not the
,

ecosystem metabolic levels stabilize.

~s
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INTRODUCTION

Ecological systers are continually reorganizing so as to be adapted\-

to the changing conditions in their natural environment.' The addition

of power plants with once through cooling also changes the biotope

(environmental factors and energy flows) of estuarine ecosystems. Currents

are increased, thermal energies added, circulations are modified and tem-

porary changes are induced such as turbidity. New conditions may cause
,

ecosystems to reorganize with changes ~in biota and processes. Like a' giant

oyster, a power plant recirculates waters, consumes some organisms, and

recirculates nutrients and some energy servi.ces', becoming an integral

part of a new ecosystem that develops.

Indices of total' ecosystem function may be used to monitor the per-

formance and order of estuarine ecosystems as they reorganize under new -

A( ) energies available to them. This is a report of' indices of metabolism

used to monitor estuarine ecosystems at Crystal River, Florida, in 1977,
*

in the period just af ter a third power plant began its operation.

Measurements were made with methods and at-stations which are comparable

to those before the new plant went on line. Previous studies were compre-

hensively summarized in dissertations, theses and reports (Kemp, 1977;

McKellar, 1975; Smith, 1976; Lehman, 1974; Young, 1974).

The flows of energy through ecological systems in estuaries develops

a complex organization'of life in food webs and organismal controlling

interactions which serves to maximize utilization of the' combinations

of resources available. The living system generates its order and values

from total photosynthetic productivity and the inflow of organic matter
.

<-q -produced elsewhere. The total work of the system in maintaining a viable
! \

\'~J system is measured by the total community metabolism. The total resident

III-3
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production measures the rate of generation of values from the interaction

.rN of light, nutrients, current, temperature, etc. Thus, measures of total

b
metabolism provide some overview of the effectiveness of the ecosystem

and the amount of order being developed. Measurement of the total meta-
,

bolism from the diurnal swings in oxygen and other variables of a number

of stations is used to estimate the overall production and respiratory
,

metabolism. In the underwater ecosystems, oxygen was used; in the marshes,

carbon dioxide exchange in chambers over the grasses was used.

Of the existing plants, unit 1 began operation in 1966 and unit 2

in 1969, with a combined thermal discharge of approvimately 640,000 gal /

min and a A T* of 5-6*C (McKellar,1975). Estimates on the nuclear unit

which was brought on line in 1977 included an approximate doubling of the

'

thermal discharge volume (total of units 1, 2 and 3: 1.3 million gal / min)

and a AT* increase of 1-2*C. (McKellar,1975)
.() ,

U The Crystal River ecosystem was divided initially into five subsystems:

inner discharge bay and control, outer discharge bay and control, canals

(intake and discharge), the marshes (intake and discharge) and oyster

reefs. Documentation of existing conditions as well as a model depicting

the interactions of these flows on the various storages, producers, and

consumers in the system were developed. In addition, some of the models

were used to simulate predicted conditions with the addition.of the nuclear

unit (McKellar,1975; Smith,1976) . Finally, the subsystem models were
|

combined to form a model of the entire ecosystem and an energy cost-
!

benefit analysis was made to compare estuary cooling with cooling towers !

(Kemp, 1977). This final analysis showed that when all' energy. inputs

and outputs are accounted for (net energy principle), the estuary cooling .

i

was more productive and protective of U.S. environments (energetically '

v
and cost-effective) than the building and maintenance of cooling towers. I

III-4
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With the bringing on-line of the nuclear unit in January, 1977, the

,-,

(u,) first year of a multi-year project monitoring the surrounding estuary was

initiated in April of 1977 to measure community metabolism in selected

areas (sinilar to those studied previously) in the Crystal River estuary.

The current research effort involves the unique experience of going back
,

to the same area to document new conditions as influenced by the nuclear.

plant and to compare these with prior conditions. It also compares

existing data with predicted conditions developed through the earlier

(pre-unit 3) models. In additions, the present study enables us to

monitor both the dininished metabolism of the inner discharge as it is

influenced initially by the increased temperatures and flows and the

expected partial recovery of the bay due to the self organizing properties

of estuaries to substitute varieties and organisms to fit the new conditions.
.

7-) Finally, the present study provides additional data which can be used to

\_ /
update the previous energy analysis concerning cooling tower versus

estuary cooling. .

Study Site and Samplfng Plan

Florida Power Corporation's Crystal River power plants are located

on the Gulf of Mexico coastline in Citrus County approximately 5 km north

of the Crystal River and about 5 km south of the Cross Florida Barge

Canal and Withlacoochee River (Fig. 1). The coastline in this area is

characterized by low wave energies and the drowned karst topography

typical of this part of Florida's west coast. Tidal marshes are dominated

by the black rush, Juncus roemarianus, with a narrow band of Spartina

alterniflora fronting the Juncus on the seauard side. Numerous oyster -

.[ ) bars occur which run roughly parallel to the coastline extending 3 to 4\

'w
km seaward.

III-5
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Located among these cyster bars are the bays currently under study.

(~) Figure 2 shows the location of these sampling stations. Stations A, B,

~ %)
C, and D vere the initial primary bay stations and (as directed by the

NRC Environmental Technical Specifications) have been sampled from the

start of the project. However, it was discovered after the project was

underway that only stations B and D (McKallar's former outer discharge

and control bays, respectively) and station A (Smith's former discharge

bay) were directly comparable with areas previously studied. In addition,

the designated canal stations of I-S and Dis-B (see Fig. 31) would not

by themselves yield meaningful data regarding the canal ecosystems. As ;

a result of these inadequacies in the initial phases of this study,

several stations were added to complement those of the original sampling

design. After comparability studies were run during the summer between
.

Smith's former inner discharge control area (located at Fort Island) and

the most inshore area to the south of the intake canal, we decided to add

station E as a control for the bay in area A. Station OB was added in

the summer as a comparable discharge bay for intake control area C.

Stations I-M, I-0, and Dis-1, Dis-2 (see Fig. 31) in the intake and

discharge canals, respectively, were added in order to analyze the canals

via the upstream-downstream method of Odum (1956).

The marsh metabolism and harvest area are shown in Fig. 34. i

Since the barge used formerly by Don Young was no longer available, it

was decided (af ter a personal site visit by Young) to develop a land

based operation. The study area in the discharge marsh is identical to

the area studied previously by Young. Since the intake marsh site of

Young's on Negro Island was no longer accessible (as explained above), '

m
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close inspection of the area revealed a comparable site on the south
.p
V side of the intake canal.

,

in all cases, efforts were made to duplicate sampling methods

utilized in the previous studies to insure comparability. Sampling

and calculation methods will be described'in greater detail in the

chapters on each bay in this report.

-

v

.i}v
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COMMUNITY METABOLISM OF THE ' INNER DISCHARGE AND THE CONTROL' BAYS NEAR
THE CRYSTAL RIVER POWER PLANT'

:O' ' 1 by

Kathryn A. Benkert

Introduction

This chapter contains measurements of estuarine metabolism in the

inner discharge bay and an unaffected bay of similar depth. These

measurements may be compared with those given by Smith (1976) for the

period December, 1972, through May, 1974.

Study Site ,

Presented in Fig. 3 are the two bays studied on this project. The

inner discharge bay (A) is that area most proximate to the end of the-

discharge canal. It is bordered in part by Spartina - Juncus salt marsh ' -

. and separated'from the outer discharge bay (B) by a line of oyster.

reefs. The average _24' hour depth of_the inner discharge. bay-(A)'is about

0.8 meters. The control bay-(E)-is south of the plant. site, bordered

in part by a line of'. oyster reefs.- The average 24 hour depth of the-

control. bay is approximately 1.5 meters.

The control station used in this study was different from the control.

station used by Smith (1976). In Smith's study, the. data from two separate

sites, Fort Island and Hodges Island (Fig. _1),' were grouped together

for analysis as one control station. In the present study, the south

: intake area (Fig.1), known as control' bay E, was . chosen as the control'-
-

station to the inner discharge bay. Its location facilitated same day-
{

sampling as the inner discharge bay rather-than_separateLday sampling

jp as done'by Smith (1976).
:rQ :
' '

-

Control bay _.E probably approximates conditions as they would' exist

!
III-10 |
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in the inner discharge bay were the power plant and canal structures

(~'y absent. Both the' control bay E and the inner discharge bay A are

V
physically similar, being bounded on the landward side by Spartina-

Juncus marsh and by oyster reefs on the westward side. In the past,

control bay E has been used as a control station for the inner discharge

bay by other researchers monitoring fish, invertebrate and macrophyte

stocks (Smith,1976) .

Materials and Methods

The measurements of community metabolism were collected using

methods as nearly identical as possible to those used in previous studies

,

at the Crystal River Power Plant (McKellar, 1975; Smith, 1976; Kemp, 1977).

The methods for diurnal sampling were based upon techniques developed
.

by Odum and Hoskins (1958), Odum and Wilson (1962) and Odum (1967). The
( )
's ' dawn-dusk-dawn sampling was based upon methods used by McConnell (1962).

Plankton metabolism, a component of the total community metabolism was

determined by use of the light and dark bottle incubation technique

(American Public Health Association, 1975).

Diurnal sampling was done twice per quarter and involved a sampling

period of twenty-four hours. Each bay was sampled once every four hours.

Three sampling stations were randomly selected in each bay per sampling.

..
. . .. --. .

period. Two water samples per station were collected for dissolved
- + . . . . ,,

oxygen analysis.

The dawn-dusk-dawn sampling was done approximately every two weeks.

This method was an abbreviation of the diurnal method and involved

sampling at the minimum (dawn) and maximum (dusk) times of oxygen

t0v

III-12



m
-

;|
-|

4

production. 'Each bay was sampled at one station where two water samples
t iN were collected for analysis. j

Dissolved Oxygen Analysis

Dissolved oxygen was measured by the sodium azide modification of '
.

the Winkler method, following procedures in Standard Methods for the ,

Examination of Water and Wastewater (American Public Health Association,

'1975). The Winkler method was adapted for use with 125 mi flat topped-

reagent bottles instead of the' standard 300 m1' BOD bottles. McKellar
:

(1975) and Smith (1976) present discussions on the advantages, disad-

vantages,and errors inherent to the usage of the 125 mi bottles. ,

The water samples were collected by allowing surface water to flow

into a bucket. Water was siphoned from the bottom of the bucket into
-4 - :

the collection' bottle. The bottle was allowed'to flush at least.'twice,. .

'

with water _ filling from'the bottom. The siphon was then slowly removed

and the cap replaced on the bottle to dispel excess water. Reagents were

then added to fix the oxygen as follows: 1) 0.5 ml of MnSO below the ,

4

surface 2) 0.5 ml of alkali-iodide-azide below the surface. The bottle j

was carefully stoppered-and inverted 15+ times to insure' proper mixing.
|

The precipitate was allowed to settle and then the bottle shaken again.
!

For each dissolved oxygen ~ measurement taken (two/ station), only one

collection bottle was filled from a bucket of sea water. The time

passage involved in filling a bottle allowed'for two potentially different

water masses to be sampled at a station. ;

Upon return-to the_ laboratory and settling of the precipitate,- 0.5'ml $

of concentrated H SO was added to each bottle which was shaken until2 4

- - the precipitate-completely dissolved. Titration fol' lowed within"a period-
U~

.

-

of. time not exceeding twelve hours. - Smith (1976) presents results of -an

.

111-13
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experiment testing the effects of' acidification and time delay of samples f

-prior to titration on the final dissolved oxygen (D.O.) measurement.- The

differences found were considered too small to have a significant effect

on the overall data. For this reason titration of the samples is some- !

times delayed, but never more than twelve hours.

For titration, a 101 ml portion of each sample was withdrawn and [
~

t

titrated with 0.012 N thiosulfate solution. Paragon starch was used_as

i
an indicator. The use of 0.012 N thiosulfate allowed direct reading of

the titrant as dissolved oxygen: 1 m1 thiosulfate - 1 mg/ liter D.O.

The above procedure was used for oxygen determinations of both the
,

i
twenty four hour diurnal series and abbreviated dawn-dusk-dawn methods !

i

for metabolism of the total water column. The measurement.of the plankton-
.,

component of-the community metabolism was done by use of,the light-dark 3

O bottle method. For this procedure, 300 ml BOD bottles were used. The ;;

b i
'

dari bottles were taped to exclude light and the tops capped'with black

.
-

;

plastic. The light-bottles were used unmodified.

!

One set, consisting of two light bottles and two dark bottles, was |
!

anchored in each of the two bays at dawn. The bottles were suspended 1

)
'

at a depth of approximately 0.5 meters from chains attached to a four -

foot length of PVC pipe, floated at each end by a plastic milk carton.
|

The bottles were allowed to incubate for 24 hours.

In addition to the light and dark bottles, two 125 ml bottles of j
i

water were collected to determine the initial amount of dissolved' oxygen J
|

present. In all cases, light, dark or' initial, each bottle was' filled ]
i

with water from a' single. surface collection. !

, - Plankton respiration is calculated from the loss of oxygen in the
'O- _ !

'

d- dark bottle. Net productivity is calculated by determining the oxygen' 1

|

!
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increase in the light bottle.
q-

k.._-) With the use of the 300 ml BOL bottles in this method, fixation

and acidification was carried out using 2.0 ml volumes of the appropriate

reagents. Titration was performed using 101 m1 sample volumes since

0.012 N thiosulfate was used as the titrant.

Other Measurements

A number of measurements, in addition to dissolved oxygen, were

recorded at each station sampled. Most of these additional measurements

were involved in the calculations for community metabolism.

Water Depth

Reference stakes were set in each of the bays. Depth transe cts,

representing at least fifty measurements were conducted to determine the

average water depth in relation to a set point on the reference stake. -

'N Light Penetration[d
On many dates the water was too shallow to use the Secchi disk and

data are biased upward by their omissions. Secchi disk readings were

taken at all stations under all sampling regimens. Originally the disk

readings were calibrated to measurements made with a Montedoro-Whitney

photometer in each bay.

Extinction coefficients from the Secchi disk readings were calculated

with the following equation:

K = 1.7/d

where d was the depth at which the Secchi disk was no longer visible
'

(Atkins and Poole, 1930).

Insolation

.

Insolation dat'a were collected with the use of a Weathermeasure''

/T
'I'

pyroheliometer. This component of the data collection was initiated
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in July, 1977 to eupplem2nt thoza environm:ntal pcram:ters required by

the contract.

/O. Wind Speed
U

Wind readings were measured at each bay using a Dwyer Wind Meter.

Current Velocity

Current velocity was determined in each bay by release of a glass

flotation device on a 4.43 meter cord. The time for full extension of

the cord was recorded.

Salinity

Salinity was measured with a Beckman Induction Salinometer. The

readings were taken at a depth of approximately 0.5 meters below the

surface. The salinometer was periodically recalibrated. Salinometer

drift between calibrations was minimal.

Temperature

The Beckman salinometer has a temperature function in the probe.,,

- (' ') Temperature readings were made at the same depth as the salinity measure-

ments. The probe was periodically checked against a 0-100 C thermometer.

Community Metabolism Calculations

There are two concepts of net production in diurnal curves. One

includes net negative daytime production and one does not. Methods used

in this study accounted for the correction of negative net productivity

in the calculation of total net productivity. This correction was not

used by Smith (1976) in the calculation of his metabolic data. -To equate

the comparison .of the preoperational study to the operational study, the

diurnal measurements made by Smith were recalculated to include negative

net productivity. In the subsection. " Comparison with Preoperational'
1

Studies", all of' Smith's diurnal measurements are reported as the -

(~ \ . recalculated values. These corrections in values have also beent

O
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incorporated in any graphs presented from Smith's report. It was not

(O necessary to correct Smith's dawn-dusk-dawn measurements as they were
b)

calculated according to the equations given by McKellar (1975) which

were also used in the dawn-dusk-dawn calculations of this study.

The model in Fig. 4 from Smith (1976) illustrates the dynamics ;

of oxygen concentration in the water. The concentration present at any

given time will be a function of the rates of photosynthesis and respira-

tion, advection with various water masses and diffusive exchange with

the atmosphere.
r

The rate of diffusion was a particularly difficult parameter to

evaluate. Diffusion is influenced by tidal stage, bottom topography, wind

and currents among other things. Smith (1976), using the nitrogen filled

dome method of Hall (1970, based on original work by Copeland and Duffer,

1964) measured an average diffus1on coefficient of 0.35 g 0 /m /hr/100
2

~~ percent deficit for the inner discharge bay. This same diffusion coeffi-

cient was used for the inner discharge bay in the present study.

Additional measurements in this study resulted'in an average diffusion

coefficient of 0.48 g 0 /m /hr/100 percent deficit for the control bay, (E).
2

Figs Sa and Sb are typical diurnal metabolism graphs for the inner

discharge bay and its control bay (E). The graphs follow a standard format

to facilitate comparison between' stations.

To calculate the metabolism, first the gm 0 /m was plotted in (a).
2

l

Six measurements were taken per sampling period and the averages of these
1

measurements were plotted and connected. Using NOAA, Dept. of Commerce,

1977 tide tables and the reference stake readings, the depth was plotted

in (b). By multiplying the gm 0 /m by the depth, m, the oxygen concen- .

2

p) tration on an area basis can be calculated and plotted in (f) as !

,

!
1w
i
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Fig. III-Sa and 5b. Example of graphical format for calculation of 1

communi'ty metabolism from, diurnal measurements in the inner discharge i

hay, Obt. 1,1977 and the control bay E, Oct. 2, 1977. Open circles , !

represent average measurements.

Cal oxygen concentration gm 0 /" !2

021 depth. meters If

(hl temperature *Ci :

(dl salinity ppt- -

(bl percent saturation of oxygen -
..

(fl rate of change of. oxygen gm 0,,/m,/hr. Solid lines connecting solid - ;

dots C- ::1 represent the ratn.of. change uncorrected for diffusion.. {
Solid lines connected with open circles ( m ) represent the rate :
of change corrected for diffusion. t

I

i
i '- ..

1
:

'f
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:
!
!

'
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2 ~ ir'0 /m /hr. This plot of oxygen concentration was uncorrected for diffusion
2

f(). processes.
i
!The average tenperatures were plotted in (c) as well as the salinities
I;

in'(d). The salinity values were not connected by lines due to the complex-
!

ity of daily salinity patterns. The salinity and temperature-values !

!

vere used in conjunction with the oxygen solubility in seawater: nomogram ;

!

of Green and Carritt (1967) to determine the 100 percent saturation value
!E

of oxygen for a given temperature and salinity. For temperatures greater ;

i

than 35 C, the tables of Truesdale, et al (1955) were used. i

!The measured oxygen concentration values in (a) were converted to

percent saturation valueo and plotted in (e). To correct the rate curve
,

,

(f) for diffusion, the plotted values in (e) were subtracted from 100
:

percent and multiplied by the appropriate diffusion coefficient. This
d

new figure was then added to the' uncorrected rate of change value in ~ (f)

if the saturation value for that-time was greater than 100 percent. It

:

was subtracted if the saturation was less than 100 percent.' The resulting -

curve, connected v1th solid lines' and open circles (o--o) was the diffusion

corrected rate of oxygen change per' hour.

From the corrected rate of' change curve, the net productivity and ;

'

respiration were calculated. The time period from' sunrise to sunset
:

represents. net productivity. The~ area under/above the. curve was measured'

;
,.

is

using a digital planimeter. 17um negative values below zero on the rate '

,

of change curve represent negative net productivity and are added_to the
r

positive values to arrive at the final net productivity: |

i

Example: '|
t

. , _

2.3 gm/m / day + (-1.0 gm/m / day) = 1.3 gm/m / day f
-

: O, '
4

+P + (-P ) =P ""
_ N N N

!

!
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Respiration was that process occurring between sunset and sunrise-

and was measured in the same fashion as the net productivity. Although

t
respiration was a negative value, its absolute value was recorded on'

subsequent tables in this report. The absolute respiration value added

to the net productivity yielded the 24 hour gross productivity.

The dawn-dusk-dawn measurements were an abbreviated form of the

diurnal measurements. McKellar (1975) and Smith (1976) found the dawn-

dusk-dawn method to underestimate gross production from less than 10

percent to as much as 33 percent of a full diurnal curve analysis. This

study's daun-dush-dawn results were not adjusted to compensate for this ;

underestimation and thus must be taken as conservative estimates. ,

,

The method of graphical analysis for the dawn-dusk-dawn method was

the same as that used for the diurnal analysis. Two typical dawn-dusk-

dawn graphs are shown in Fig. 6a and 6b. ;

A
() The graphical analysis method was used en the first and second quarter

data analysis. As the graphical method proved to be very time consuming,

the analysis of the third quarter's data was performed using the following
'equations which yielded results comparable to the graphical method

(McKellar, 1975) :
.

day " ( ) day)(# day)D

where K = diffusion constant in gm/m /hr/100 percent saturation deficit

S = average percent saturation deficit during the dayday

-(S = (Sdawn + dusk} )

t = time in hours between sunrise and sunsetday

net day " ( 2 dawn 2 dusk) day} ~ day ;

-0

T where 0 = oxygen concentrations at dawn and dusk(d
'

Z = average daytime depth of water column
,

3
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Fig. III 6a nnd 6b. Example of graphical format for calculation of community
metabolism from dawn-dusk-dawn measurements in the inner discharge bay,
Sept. 8-9, 1977, and the control bay E, Sept. 8-9, 1977. Open circles
represent average measurements.

(a) oxygen concentration gm 0 /"
2

(b) depth meters ;-

(m) (c) temperature *C

(d) salinity ppt

(e) percent saturation of oxygen

(f) rate of change of oxygen gm 0 /m /hr. Solid lines connecting solid
2dots (- r) represent the rate of change uncorrected for diffusion.

Solid lines connected with open circles (c o ) represent the rate
of change corrected for diffusion.

.
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ay ime f usion rateD -
day

g) Nighttime respiration uas calculated in an identical manner using(
~

net nighttime oxygen diffusion and the time interval between sunset

and sunrise,

i

Results

The sampling records of community metabolism and their associated ,

environmental parameters for the inner discharge bay and the control bay at

the Florida Power Corporation Crystal River plant are presented in Tables 1

and 2. Those data collecteo during diurnal sampling periods are designated

with an asterisk. Unmarked values are from dawn-dusk-dawn sampling.

Statistical analysis using the t-test on all parameters is presented ;

in Table-3. The analysis was set up to test for significant differences
._

,

g ') (o( = 0.05) by seasons between the inner discharge bay and the control-

()
bay.

Significant differences exist between the discharge and control bays

in summer and fall with regards to gross productivity (P ), net produc- ;g

tivity (P ), respiration (R), temperature and extinction coef ficients.g

Salinity differences between the bays are significant at the 95%

confidence level in the summer and the 90% confidence level in the fall.

The plankton productivities, P and P , are significantly differentg N

during the summer season but not during the fall season. Plankton

respiration exhibits no difference between bays in either season.
.

Temperature, Salinity, and Light Extinction
,

The salinities between the two bays are significantly different in

summer and fall at the 95% and 90% levels of confidencg respectively.
.

(--
( ,/ The average. salinity in the control bay ranged from 19.8 to 29.5 ppt

i
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Table'1II-1. Record of metabolism and environmental parameters for the control ba~y.E. Dates marked with an
asterisk-were complete diurnal measurements. . Unmarked dates were dawn-dusk-dawn measurements.

Control Bay E

Plankton Plankton Plankton Insolation Temp C Salinity Extinction Date
Station Season .PG PN R PG PN R ppt coef.

gm 0 / E" 0 / gm 0 / gm 0 / gm 0 / gm 0 I
2 2 2 2 2 2

2m / day m / day a / day a / day m / day a / day mo.d.yr.

E ? 83b 3.68 4.32 5570 30.3 24.4 1.1 7-13-77*
E 2 4.90 1.89 3.01 4780 29.1 25.9 1.2 8-9-77
E 2 - 7.52 3.55 3.97 4.15 3.69 0.46 3870 28.0 22.1 1.1 8-22-77
E 2 15.-92 9.39 6.53 1.74 1.27 0.47 5230 28.6 19.8 1.1 8-23-77
E 2 13.12 7.12 6.00 2.58 1.58 1.00 6579 30.8 23.5 1.1 9-8-77

*

E 2 10.94 5.05 5.89 1.63 0.94 0.69 6462 30.1 25.9 1.0 9-19-77
E 2 8.66 4.16 4.50 1.84 1.42 0.42 4896 30.4 25.4 1.0 9-20-77

X 9.87 4.98 4.88 2.39 1.78 0.61 5341 29.6 23.9 1.1

yS.E. 1.41 0.95 0.48 0.47 0.49 0.11 362.88 0.40 0.85 0.03
i

Es E 3 7.49 4.64 2.85 0.97 0.78 0.19 5466 28.8 25.0 1.1 10-1-77*
E 3 4.74 1.23 3.51 1.38 0.63 0.75 5238 28.9 25.2 1.1 10-2-77*
E 3 6.12 2.88 3.24 0.76 0.52 0.24 6462 18.4 28.3 1.0 10-17-77
E 3 5.85 2.66 3.20 0.53 0.29 0.24 6227 18.3 28.4 0.9 10-18-77
E 3 4.72 1.44 3.28 0.88 0.51 0.37 2961 20.5 29.5 0.9 11-1-77
E 3 3.60 1.74 1.86 0.14 0.14 0.00 4441 14.7 29.3 0.9 11-14-77
E 3 2.83 2.08 0.75 0.29 0.26 0.03 4347 15.7 29.4 0.9 11-15-77-
E 3 3.81 1.71 2.10 0.21 0,20 0.01 2619 17.8 23.8 0.9 11-29-77
E 3 4,76 1.46 3,30 0.44 0.26 0,18 3416 19.5 23.0 0.9 11-30-77-

X 4.88 .2.20 2.68 0.62 0.40 0.22 4575 20.3 26.9 0.9
S,E. 0.48 0.36 0.31 0.14 0.07 0.08 462.00 1.72 0.87 0.03

*~= Diurnal; Season 1 = April 1, 1977 to June 30, 1977,

l'g = gross nohet_i@ , , _ _, ,,
, Season 2 - JuW 1,. M_h Smeder _%, _ N - - - -|

eason 3 = October.1, IM 7 to Now m W 30, E 7
P = net productivity
N

|- R = respiration

'

|
.
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Table III-2. Record of metabolism and environmental paramsters for the inner discharge bay.' Dates marked ,

with an asterisk were complete diurnal measurements. Unmarked dates were dawn-dusk-dawn measurements.

Discharge r Inner Bay

Plankton Plankton Plankton insolation Temp C Salinity Extinction Date0 o

Station Season PC PN R PG PN R ppt coef.
gm 0 / gm 0 / gm 0 / gm 0 / gm 0 /~ gm 0 /

'

2 2 2 2 2
'

2m / day a / day m / day m / day m / day' im / day mo.d.yr- "

A 1 0.40 0,14 0.26 0.24 0.21 0.03 26.3 24.6 1.9 4-7-77*---

A 1 2.99 2.39 0.60 0.39 -0.39 0.78 35.3 28.4 1.8 6-30-77---.

2 1.70 1.26 0.43 0.31 -0.09 0.40 30.8 26.5 1.9---

S.E; 1.30 1.13 0.17 0.08 -0.06 0.38 4.50 1.90 0.05---

A 2 0.18 -0.10 0.28 0.29 -0.65 0.94 4200 35.1 28.0 2.0 7-1-77
A 2 1.80 1.80 0.00 -0.39 -0.92 0.53 7400 37.3 29.3 1.3 7-11-77*
A 2 0.43 0.18 0.25 0.04 -0.45 0.49 5570 37.1 29.8 1.1 7-13-77*
A 2 -0.13 -0.45 0.32 0.14 -0.04 0.18 4780 34.9 30.1 2.3 8-9-77

[ A 2 -0228 -0.45 0.17 2.03 0.25 1.78 6030 34.3 30.9 2.3 8-11-77
y A 2 1.45 0.44 0.84 1.44 1.16 0.28 3870 30.1 28.1 1.7 8-22-77
g A 2 2.45 1.75 0.70 1.84 1.73 0.11 5230 30.7 26.3 1.4 8-23-77

A 2 1.70 1.35 0.35 0.73 0.53 0.20 6579 33.8 29.6 1.9 9-8-77
A 2 , 0.15 0.15 0.00 1.55 1.15 0.40 6462 35.8 32.5 1295 9-19-77
A 2 0.49 0.39 0.10 0.97 0.72 0.25 4896 3599 32.5 1275 9-20a77

I 0.82 0.50 0.30 0.86 0.34 0.52 5501 34.5 29.7 1.8
S.E. 0.30 0.27 0.09. 0.26 0.27 0.16 354.16 LO.77 0.62 0.13

A. 3 1.92 0.13 1.79. 0.66 0.37 0.29 5466 33.8 31.2 1.5 10-1-77*
A 3 0.83 0.16 0.67 0.97 0.78 0.19 5238 33.4 31.1 2.1 10-2-77*.
A 3 0.27 0.27 0.00 0.56 0.42 0.14 6462 26.7 28.5 1.3 10-17-77
A 3 0.48 0.48 0.00 0.66 0.40 0.26 6227 26.1 28.0 1.1 10-18-77
A 3 0.16 0.06 0.10 0.68 0.56 0.12 2961 27.3 29.7 1.4 11-1-77
A 3 0,27 0.27 0.00 0,49. 0.27 0,22 4441 19.5 29.3 1.4 11-14-77
A 3 0.39 0.39 0.00 0.61 0.31 0.30 4347 23.3 30.0 1.4 11-15-77
A 3 0.39 0.37 -0.02 0.06 -0.01 0.07 2619 - 23.8 25.6 1.2 11-29-77
A 3 0.37 . 0.29 0.08 1.00 1.00 0.00 3416 25.4 25.9 1.1 11-30-77

X 0.56 0.27 0.30 0.63 0.45 0.18 4575 26.6 28.8 1.4
S.E. 0.18 0.04 0.20 0.09 0.10 0.03 462.0 1.53 0.68 0.1-

* = dirunal; Pg = gross productivity; P = net productivity; R = respirationNSeaso,n 1 = spring; season 2 = summer; season 3 = fall

-
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Table III-3. Results of statistical t-tests between the inner discharge

f bay anC,the control bay by seasons.
.

,

Parameters ' Season 2. Season 3
7-1-77 to 9-30-77 10-1-77 to 11-30-77

Inner Control Inne.? Control

discharge bay distharge bay-
bay bay

Gross Productivity P gm/mhay
g

Mean 0.82* 9.86* 0.56* 4.88*
Std. error 0.30 1.41 0.18 0.48

N 10. 7 9 9

Net Productivity PN gm/m / day
Mean 0.51* 4.98* 0.27* 2.20*-
Std. error 0.27 0.95- 0.04 0.35'

N 10 7, 9 9
Respiration R gm/m / day

Mean 0.20* 4.89* 0.29* 2.68*-
Std. error 0.09 0.48 0.20 0.31

N 10 7 9 9
Plankton P gm/m / dayg

Mean 0.86* 2.37* 0.59 0.77 i
Std. error 0.26 0.45 0.09 0.33

L N 10 5 8 9-
2

-

Plankton PN gm/m / day

Mean 0.35* 1.78* 0.45 0.49.
Std. error 0.27 0.49 0.09 0.16-

N - 10 5 9" 9
Plankton R gm/m / day

Mean 0.52 0.61 - 0.20 0.28
Std. error 0.16 'O.10 'O.03 0.09.

N 10 5 8- 9
Extinction Coefficient

Mean 1.76*- 1,09* 1. 39.* 0.95*.
Std. error 0,13 0.03 0.10 0,03

N 10 '7 9 9. -

-Temperature C
Mean 34.5* 29.6*' 2 6. 6* -- 20.3*
Std. error .0,77 0.40 1,53 1,72

N 10 7 9 9.

Salinity ppt
Mean 29.7* 23.8* 28.8A 26.9*.'
'Std. error 0.62 0. 8 5 -- 0.68 0.87

N 10 7 9. 9'-

* denotes significance at 95% level.
1 A denotes significance at 90% level. '

o
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and from 24.5 to 32.5 ppt in the discharge bay.

(m) Salinity patterns are complex, being influenced by seasonal currentv

changes and daily tidal and weather patterns. The mouth of the Crystal
i

River, approximately 5 km south of the power plant site, is an important

influence of fresh water, accounting for the lower salinities in the

9

control bay.

During the summer of 1977 a significant rise in salinity in the

discharge bay over Smith's previously measured values was noted (Fig. 7).

This rise may be attributed to several possible causes, among which

are increased volumes of offshore water being pumped through the three

units. This results in an increased proportion of higher salinity

offshore water mixing with asbient salinity inshore water in the discharge

bay, thus raising the average salinity. Additionally, water pumped .

(~} through the plant experiences a rise in salinity due to evaporation of
%J

part of the water.

Significant differences in temperature between the two bays exist

in both summer and fall. The differ e1ce in temperature ( 2ST) between

the two bays, based on seasonal averages, is 4.9 C for summer and 6.3 C

for fall. The 21T of the combined seasonal averages is'5.6 C. The

discharge bay temperature ranged from 16.2 - 38.9 C and the control bay

temperatures ranged from 13.6 - 31.7 C (Fig. 8). Lowered tenparatures

occurred in the discharge bay on August 22-23, 1977,due to the nuclear

unit shutting down. The unit continued to pump water of ambient intake

temperature.

The coal unit'was nonoperational from October 17, 1977 through~
.

Decenber 31, 1977. This reduced the temperature of the discharge water.. p'
(' The extinction coefficients (meter ~1) are significantly different

III-31
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throughout the year. They range from 1.1 to 2.3 in the discharge bay

{~
and from 0.9 to 1.2 in the control bay,

w-
Turbidity was measured as the extinction coefficient for light

penetration as determined with a Secchi disk. A limited number of light

penetration measurements were made by Smith (1976) during the preopera-

tional study. Although Smith's data was not reported in detail to allow

for statistical analysis, the average extinction coefficients with their
F

ranges, from both studies, are presented in Table 4. It is evident

that in both studies the discharge bay is more turbid than the control

bay. A greater range of extinction coefficients was observed in the

discharge bay in the 1977 study indicating some surges of high turbidity

water.

Community Metabolism
t

To test the similarity in community metabolism in the Fort Island
,,

\'- site and control bay E, diurnal measurements were taken during July, 1977.

Table 5 reveals approximately similar productivities for the past and
'

present control sites under similar conditions of insolation.

The seasonal trends of the average daytime net photosynthesis and

the night respiration for the total community metabolism are illustrated

in Fig. 9. A relatively stable rate of respiration is maintained ,

throughout the three seasons in the discharge bay. The net productivity

in the discharge bay appears to have a greater rate of net production

in the spring, but that figure is based on data from only two sampling

periods and has a large standard error.

The control bay, while sampled through only two seasons to date,

displays the normal pattern of greater P an va ues n t e summer
N .

.( } than in the fall. No overlap between the control and discharge bay was

III-34
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a=

Tab'leIII-4..Averageextinctioncoefficientsforlightpene{ ration
of water in the discharge and control bays. Units = meters.

~

-

1972-1974* Discharge bay .!
- '

1977 study j'-i

i

1.5 1.6
,

Range 1.2 - 1.7 1.1 - 2.3 ?

N=8 N = 21' |
- 1

|

1972-1974* control - !
- - 1977 study

,

0. 9' 1.0
Range 0.9 0.9 - 1.2 ;

N=2 N = 16 |
:
!
.

*(Smith, 1976) |
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Table III-5. Comparison'of diurnal productivities of' Smith's control
station at Fort Island and the new control bay'E used in this study-(1977). I

2Date k' cal /m / day gm/m / day gm/m / day gm/m / day A

.
Location mo d yr Insolation P R P

N g

i'

Fort Island 7-15-77 5711 3.4 4.5 7.9
.

Control bay E 7-13-77 5570 3.7 4.3 8.0

:

,

)
t

:i

't

.5
?

I

.

.j.

o 1
,
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observed for P values ' (Fig. ' 10) . The discharge bay is functioning ,g

.

at a distinctly lower level of productivity than the control bay. In
,

addition, while the control bay.follows a seasonal trend of increased i

productivity in summer with a fall decline, the discFarge bay exhibits i

?

relatively large, nonseasonal fluctuations. ]
Table 6 gives the ecological efficiencies for' gross production [

and the productivity to respiration ratios (P /2Rnight} |
# **"#

G

and discharge bay. Table 7 is the statistical analysis of'the~ data in

v

Table 6.

Ecological efficiency measures'the efficiency of the primary _ ;

producers of the ecosystem. It is defined as follows:
'

Ecological efficiency = * ,fg g

)

P kcAl/m / day :!g
~

!Q insolation itcal/m / day2
-

U
.i

Gross productivities normally range between 0.2 - 1.0% efficient. 1

The inner discharge bay has an unusually low combined seasonal ~
,

average of 0.06% efficiency. The combined seasonal ~ average of the 1
4

control bay is within normal range at 0.55%. efficiency.
_

The productivity to respiration' ratios were not' calculated in the. .!
~

-

more common form of' P /R. The frequent.occurrance of negative P
N-

. values in the discharge bay necessitated theluse of the. form P /2R. [
~

g

Both ratios are based on the assumption that respiration should approxi-

mate 50% of P or 100% of P r sel N intenance in a stab m zed eco-
~

g N
|

system. utilizing ell energy flows ~ Thus, .a P/R ratio of 'one is indicative.

of a stabilized system.

. Statistically there is no significant difference in the P/R ratios
. - .1

!
A between the two bays. This result can be. misleading as the P ad Rg

'
III-38
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Table III-6. Record of ecological efficiencies and P /2R ratios for-g
the inner discharge bay and control bay E, 1977.

Season Date Insola- Inner Discharge Bay Control Bay E i

% Ecolog- P /2R % Ecolog- P /2R {tion ~ j G G
kcal/m / ical effi- ical effi- ;

(* *d yr) day ciency ciency j

1 4-7-77 0.77 '

6-30-77 2.49
7-1-77 4200 0.02 0.32 3

7-11-77 7400 0.10 0.00
7-13-77 5570 0.03 0.86 0.57 0.92

2 8-9-77 4780 0.41 0.81
8-22-77 3870 0.15 0.86 0.52 0.95
8-23-77 5230 0.11 1.75 1.22 1.22
9-8-77 657R 0.10 2.43 0.80 1.09
9-19-77- 6462 0.02 0.00 0.65 0.93
9-20-77 4896 0.04 2.45 0.71 0.96 -)

10-1-77 5466 0.14 0.54 0.55' .l.30

10-2-77 5238 0.06 0.62 0.36 0.67 ,

10-17-77 6462 0.02 0.00 0.38 0.94
'

10-18-77 6227 0.03 0.00 0.38 ~ 0.91
3 11-1-77 2961 0,02 0.80 0.64. .0.72

''11-14-77 4441 0.02 0.00 0.32 0.92
2'11-15-77 4347 0.04 0.00 0.26 .l.90

11-21-77 2619. 0.06 9.75 0.58 0.91 1O 11-30-77 3416 0.04 2.31 0.56 0.72 ,

Season
2&3
average 5220 0.06 1.33 0.55 1.00
Standard
error 334.4 0.01 0.57 0.06 0.07

:

Season 1 = spring

Season 2 = summer '

;

Season 3 = Yall
,

~|
!*

!

:

.

.

k
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Table III-7. Statistical evaluation of ecological efficiencies and
P /2R ratios of the inner discharge bay and . control bay, 1977.p

'

Season 1 2 3

Station Inner Control Inner . Control Inner Control
discharge bay discharge bay discharge bay .j
bay bay bay ;

*

Ecological efficiencies
Mean 0.08 -0.70 0.05 0.45 |

Std. dev. 0.06 0.26 0.04 0.13
Std. error 0.02 0.10 0.01 0.04
Minimum 0.02 0.41 0.02 0.26
Maximum 0.19. 1.22 0.14 0.64 !'

Sig Dif, d =0.05 yes yes yes yes .i
N 8 7 9 9 ;

P /2R .{g
Mean 1.63 1.08 0.98 -1.56 ,1.00 !
Std. dev. 1.22 1.01 0.13 3.16 0.38 !

-Std. error 0.86 0.36 0.05 1.05 0.13
Minimum 0.77 0.00 0.81 0.00 0.67

,

Maximum 2.49. 2,45 1.22 9.75 1.90 i
Sig. Dif. A = 0.05 no no -no no. j

N 2 8 7 9 9.

=|
Season 1 = spring

*

O; '|.

|Season 2 = summer
i

Season 3 = fall )
~!

i

;
i

1

.

;

I

I

.s
j

o
. :I

]
;

LOL j
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values in the discharge bay fluctuated widely, as evidenced by the
~ 1arge standard deviation (Table III-7) while those values in the control f

bay remained relatively constant. The P/R ratios in the discharge bay

ranged f rom 0.00 to 9.75 and from 0.67 to 1.90 in the control bay,
i

The gross productivity of the plankton component of each bay was
,

shown to be significantly different only in the summer (Table.3). |
|

Examination of the percent of total community gross productivity due to -

the plankton P renals Wely Medng comunity stuctue beWeeng

the two bays (Table 8). The total community P f the discharge bay
G

is accounted for entirely by the plankton gross productivity. While'the

average plankton P va ue s sHghtly higher than the total comunity P ,
-]G g

the iralues fall within one unit of standard error of each other (Table 3).- ,

Visual observation of the discharge bay at low tide in the summer revealed
.;

[ only a few sparse beds of stunted Halodule.

The plankton gross productivity in the control bay comprised only i

16 - 24% of the total community gross productivity. The benthic primary-

producers were responsible for an average of 80% of the total community-
.

P. Visual observation and collection at low tide in the summer showed-g

4abundant growth of.Sargassum and Ruppia 1n addition to Padina, Caulerpa, '

Gracilaria,7and Codlum..

Comparison with Preoperational~ Studies

.

.. 1

The preoperational. study on the inner discharge bay and its control-

was conducted from December, 1972 through May,1974 by Smith (1976). - )

i

The productivity measurements,from Smith's study reflect the energy flows |
i

|and structure of the discharge bay.at a time when it had been receiving !
~

: thermal effluent for six years from two electrical generating stations.

i
i
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Table III-8. Percent of total metabolism gross productivity (P ) ;g

( ).
accounted for by plankton gross productivity (P ) in the inner .g

'
,

discharge bay and control bay (1977).

^

Inner Discharge Bay Control Bay !
- deason beason Average Season < Season Average

'

2 3 '2 3
T

Total
community |

2P g/m /d 0.82 0.56 0.69 9.87 4.88 7.38g
;..

'Plankton
P 0.86 0.63 0.75 2.37 -0.77 1.57 '

g
'Percent of

total meta-
bolism due to
plankton 100% 100% 100% 24.0% 16.0% 20%

Percent of
total meta-
bolism due
to benthos 0% 0% 0% 76% 84% 80%

z:
Season 2 = summer*

. |

Season 3 = fall

i
,

9

t

i

!

; -,

/''\. I

..N s|u

.,

!
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The initiation of operation of a third generating unit in January,

n

() 1977, increased the volume and intensity of the thermal effluent. The

present study monitored the impact of the higher water temperatures upon

the metabolism of the inner discharge bay.

Tables 9 and 10 present the metabolism data and the environmental

parameter data from the preoperational study (adapted from Smith,1976).

To test for significant differences between the control station and

the inner discharge bay during the preoperaeional study, a two tailed

t-test was run (Table 11). Significant differences in the community

productivities were present in all seasons but winter.

In those seasons where there was a significant difference between

the control and discharge bay community productivities, the productivities,

P,P and R, in the discharge bay were approximately 50% of those ofg N

the control station. During those same seasons, the average difference

between ambient and discharge bay temperatures ( AT) was 3.0 C.

In the comparisons of the results of the two studies (Tables 12

and 13), only the data from the summer and fall seasons were analyzed.

In the current operational study, the winter sampling period is still

in progress, thus eliminating that season for comparison. The spring

data were also omitted for comparison due to a small number of samples .

for the 1977 data.

Significant differences in gross productivity, net' productivity,

respiration, salinity and temperature exist between the preoperational-

and operational studies in the discharge bay during summer and fall'. A

O.V
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Table III-R Record of community metabolism and environmental parameters for the inner discharge bay during the
preoperational study. ; Adapted from Smith (1976). Asterisks indicate diurnal measurements. Unmarked dates
are dawn-dusk-dawn measurements.

Station Season PG - PN R- Plankton Plankton Plankton Insola- Tempera- Salinity Date
gmf0/ gm 0 / gm 0 / P6 PN R tion ture ppt2 2 2

2 2 2 am / 8* / gm 2 / k al/ 'cm day m day m day 2 2
m day m day m day m * day mo. day yr

A 1; 9.1 4.8 4.3 28.3 22.5 5-10-73
A 1 6.2 2.9 3.3 28.4 21.2 5-11-73
A 1 3.7 2.6 1.1 6500 32.0 28.0 5-24-74
A 1 2.4 1.7 0.7 6409 33.0 27.7 5-25-74
A 1 4.1 2.3 1.8 1.6 1.2 0.4 5834 30.7 27.7 5-26-74
A 1 3.0 1.5 1.5 31.5 22.3 6-14-72*
A 1 3.8 1.7 2.1 30.3 24.5 6-29-72*

U A 1 5.7 3.5 2.2 33.0 28.0 6-17-73
7 A 1 4.1 1.6 2.5 33.0 28.0 6-17-73*
$ A 1 3.0 2.1 0.9 33.5 27.0 6-18-73

Ac 1 1.3 0.0 1.3 33.3 26.5 6-19-73
A 1 4.3 2.4 1.9 4.7 2.5 2.2 33.0 27.5 6-20-73
A 1 3.8 1.7 2.1 32.5 27.0 6-21-73*
A 1 2.2 1.0 1.2 32.0 26.0 6-22-73
Y 4.0 2.1 1.9 3.2 1.9 1.3 6248 31.8 25.9
SE 0.52 0.31 0.26 1.55 0.65 0.90 208.5 0.46 0.62

A 2 10,7 5.9 4.8 31.3 22.5 7-7-72*
A 2 6.1 3.5 2.6 1.0 0.7 0.3 6115 34.0 27.5 7-26-73
A 2 5.7 2.2 3.5 34.0 25.0 8-2-72*
A 2 2.2 0.9 1.3 0.6 0.5 0.1 2889 34.0 260'0 8-2-73.

A 2 5.4 1.9L 3.5 30.5 27.5 8-22-73
A 2 2.5 1.2 1.3 1.3 0.9 0.4 31.5 27.2 8-23-73
A 2' 2. 9. 1.4 1.5 31.2 27.5 8-24-73
A 2 2.4 2.3 0.1 33.0- 28.5 8-25-73
A 2 2. 4 ' O.6 1.8 31.5 27.2 8-26-73-
A 2 3.7 1.1 2.6 32.0 27.5 8-27-73

*

X 4.4 2.1 - 2.3 1.0 0.7 0.3 4502 32.3 26.6
SE 0.85 0.50 0.44 0.20 0.12 0.09 1613 0:42 0.55

. . , - , -.
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Table III-9 (cont.)

Station Season PG PN R. Plankton Plankton Plankton Insola- Tempera- Salinity Date
gm 0 / gm 0 / gm 0 / P6 PN R tion ture ppt2 2 2

4

gm 0 / gm 0 / gm 0 / kcal/ *Cm * day m day m * day 2 2 2
m day m aday m ' day m day mo* day.yr

A 3 2.7 1.1 1.6 0.7 0.5 0.2 22.0 27.0 10-29-73
A 3 3.6. 1.2 2.4 0.7 0.5 0.2 21.5 27.5 10-30-73*
A 3 0.9 0.7 0.2 3850 21.0 26.5 10-31-73
A 3 3.5 1.3 2.2 1.0 0.6 0.4 4490 25.0 27.5 11-1-73
II 3.3 1.2 2.1 0.8 0.6 0.2 22.4 27.1
SE 0.28 0.06 0.24 0.08 0.05 0.05 0.90 0.24

A 4 5.6 2.0 3.6 25.8 27.8 12-14-72*
U A 4 1.8 1.5 0.3 20.0 27.5 1-22-73*
7 A 4 2.3 0.7 1.7 16.0 16.2 2-1-73*
$ 3I 3.2 1.4 1.8 20.6 23.8

SE 1.19 0.38 0.96 2.84 3.81

Key
.

Season 1 = April 1 - June'30 = spring
2 = July 1 - September = summer
3 = October 1 - November 30 = fall
4 = December 1 - March 21 = winter

PG = Gross Productivity
PN = Net Productivity
R = Respiration
* - Diurnal

i

i

.
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Key to Table l'O.

Season 1 = April 1 June 30 - spring

2 July 1 - September 30 = summer

3 October 1 - November 30 = fall
4 = December 1 - March 31 = winter _.

.

P = gross productivityg

PN " net Productivity

R = respiration

* = diurnal

.
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Table III-10. Record of the-community metabolism and environmental parameters for the control station during the
preoperational study. -Adapted from Smith (1976). Asterisks indicate diurnal measurements. Unmarked dates
are dawn-dusk-dawn measurements.

Station Season PG PN R Plankton Plankton Plankton Insola- Tempera- Salinity Date
Fort Island gm 0 / gm 0 / gm 0 / PG PN R tion ture ppt

2 2 2
(similar to E" / gm 0 ! 8" ! *!
present station E) ,2. day m day m day 2 2 2

,2. day a * day m * day m day * ' 'Y#

Contro1* 1 9.9 5.4 4.5 3.5 2.7 0.8 6409 28.5 17.0 5-25-74

Control 1 90 4.7 4.3 3.4 2.5 0.9 5834 28.5 16.0 5-26-74
1 5.0 1.9 3.1 2.0 -3.2 5.2 3037 29.0 11.0 6-25-73"

" 1 10.5' 5.1 5.4 1.8 1.1 0.7 6543 28.5 12.5 6-26-73
1 6.4 3.5 2.9 6343 29.0 14.3 6-26-73*"

1 11.0 5.2 5.8 6144 28.5 11.0 6-27-73"

1 10.6 5.6 5.0 1.2 0.9 0.3 6648 28.5 12.5 6-28-73"
r,

|| X 8.9 4.5 4.4 2.4 0.8 1.6 5851 28.6 13.5
SE 0.88 0.50 0.42 0.45 1.06 0.91 480 0.09 0.89

E 2 6.2 1.8 4.4 29.5 , 13.5 8-2-72* .

E 2 3.7 1.1 2.6 30.0 23.5 8-10-72
E 2 8.0 4.7 3.3 30.5 12.5 8-16-72*

E 2 10.2 4.0 6.2 28.8 13.5 8-24-73*
E 2 8.5 1.6 6.9 29.5 16.0 8-26-73
E 2 11.1 3.8 7.3 29.0 14.0 8-27-73
3I 8.0 2.8 5.2 29.6 15.5
SE 1.10 0.61 0.80 0.26 1.66

E 3 5.5 2.1 3.4 0.5 0.2 0.3 3100 18.3 22.0 11-12-73
E 3 8.4 4.0 4.4 0.5 0.3 0.2 4140 16.8 21.0 11-13-73
E 3 8.5 4.3 4.2 0.4 0.2 0.2 4280 20.0 .19.5 11-14-73
E 3 8.5 3.4 5.1 0.4 0.3 0.1 21.2 17.5 11-15-73
JI 7.7 3.4 4.3 0.4 0.2 0.2 3840 19.1 20.0

SE 0.74 0.49 0.35 0.03 0.03 0.04 372 0.95 0.98

E 4 4.7 2.1 2.6 13.8 13.8 2-13-73*
E 4 2.0 0.5 1.5 12.8 23.3 2-22-73
lI 3.4 1.3 2.1 13.3 18.6
SE 1.35 0.80 0.55 0.50 4.75

* Control station combines data from both Fort Island and Hodges Island.
_ _ _ _ - _-_-_- - _. _ _ = _ _ - -__=_ ___ - --. .-_
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Table III-11. Statistica1 results of two-tailed t-test between the inner
discharge bay and the control bay (~ reoperational studyl by seasons.p.'

(''') Adapted from Smith, 1976. Seasonal means were calculated from date
collected in 1972, 1973 and 1974.

Spring Summer
April 1 - June 30 July 1 - Sepb 30

Inner Control Inner Control
discharge bay discharge bay

Parameters bay bay
,

Gross Mean 4.05* 8.91* 4.40* 7.95*
productivity std. error 0.52 0.88 0.85 1.10
P N 14 7 10 6
C 2

gm/m / day
Net Mean 2.13* 4 49* 2.10 2,83
productivity std. error 0.30 0.50 0.50 0.61
P N 14 7 10 6
N

gm/m / day
Respiration Mean 1.92* 4.42* 2.30* 5.11*
R std. error 0.26 0.42 0.44 0.80
gm/m / day N 14 7 10 6
Plankton Mean 3. 15 2.38 0.97 no
P std. error 1.55 0,46 0.20 datag

_

N 2 5 ,3 -'

gm/m / day.
[''' Plankton Mean 1.85 0.80 0.70 no

P std. error 0.65 1.06 0.11 data
N 2 5 3g /m / day

Plankton Mean 1.30 1.58 0.27 no
R std. error 0.90 0.91 0.09 data
gm/m / day N 2 5
Temperature Mean- 31.8* 28.6* 32.3* 29.5*
'C std. error 0.46 0.09 0.42 0.26

N 14 7
Salinity Mean 23.9* 13.5* 26.6 15.5
ppt std. error 0.62 0.89 0.55 1.66

N 14 7 10 6

* denotes significant differences between the means at the 95% confidence
level.

.

.

3
L)

:
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.- Table III-11. (cont.)
tO. 1

!

Fall Winter
Oct. 1 - Nov. 30 Dec. 1 - Mar. 31- ,

, Inner fontrol Jnner pontrol
discharge bay discharge bay ,

Parameters bay bay
,

,

Gross Mean 3.27* 7.72* 3.25 3.35
productivity std. error 0.30 0.74 1.17 1.35
P N 3 4 3 2g ;

gm/m / day
Net Mean 1.20* 3.45* 1.40 1.30 -

productivity std. error 0.06 0.49 0.40 0.80
P N 3 4 3 2 .;
N 2

gm/m / day
Respiration Mean 2.07* 4.28* 1.85 2,05

,

R std. error 0.24 0,35 0.93 0.55 .2
gm/m / day N 3 4 3 2 j
Plankton Mean - 0.83* 0.45* no no

'

P std. error 0.08 0.03 data datag

.
gm/m / day -

4 L2 N 4
-

- Plankton Mean 0.57* 0.25* no no.

.

P std. error 0.05 -0.03 data data- -

N
0 4gm/m / day >

|Plankton Mean 0.25 0.20 no no
R .std. error 0.05 0.04 data data- .

!
gm/m / day- N .. 4 4

Temperature Mean 22.4* 19.1* 20.6 -13.3 ,

*C std. error 0.90 0.95 2.84- 0.50
N 4 4 3 2 .

Salinity Mean 27.1* 20.0* 23.8 18.6 |
ppt std. error 0.24 0.98 3.82 4.75

N- 4- 4' ,3 1 j

!

.L

* denotes significant differences between means at the 95% confidence - |

1evel. |

|
.

Q l

i
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Table III-12. Statistical results of two-tailed t-test of the inner
discharge bay between the pre-operational study (Smith,1976) and the,s

() current operational study (1977) by the summer and fall seasons.
(summer) (fall)
Season 2 Season 3

Inner discharge bay - Inner discharge bay

tre-opera- Operational Pre-opera- Operational
tional study tional- study

Parameters study 1977 study 1977
(Smith , 1976) (Smith, 1976) ~

Gross Mean 4.40* 0.81* 3.27* 0.56*
productivity std. error 0.85 0.30 0.28 0.18
P N 10 10 3 9g
gm/m / day

~

Net Mean 2.10* 0.51* 1.20* 0.27*
productivity std. error 0.50 0.27 0.06 0.04
P N 10 10 3 9
N 2 2.30* 0.29* 2.07* 0.30*gm/m / day 0.44 0.09 0.24 0.20
Respiration Mean 10 10 3 9
R std. error

2
gm/m / day N
Plankton Mean 0.97 0.86 0.83 0.59
P std. error 0.20 0.26 0.08 0.09g

N 3 10 4 8 - T
gm/m / day ,

I'. Plankton Mean 0.70 0.35 0.58 0.45'

'
P std. error 0.12 0.27 0.05 0.10'

2 N 3 10 4 8
gm/m / day ,

Plankton Mean 0.27 0.52 0.25 0.20
R std. error 0.09 0.16 0.05 0.03

2gm/m / day N 3 10 4 8
Temperature Mean 32.3* 34.5* 22.4* 26.6*
*C std. error 0.42 0.77 0.90 1.53

N 10 10 4 9

Salinity Mean 26.6* 29.7* 27.1 28.8
ppe std. error 0.55 0.61 0.24. 0.68

N 10 10 4 9

.

* denotes significant differences between means at the 95% confidence
level.

'

F

e

'

,

V
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Table III-13 Statistica1 results of the two-tailed t-test of the control
rw bay between the pre-operational study (Smith,1976) and the current
(j operational study (1977) by the summer and fall seasons.

f$a"EEN9 $$$ddtl 3
Control bay Dontrol bay

Pre opera- Operational Fre opera- Operational
tional study tional study
study (1977) study (1977)Parameters (Smith, 1976) (Smith, 1976)

Gross Mean 7.95 9.86 7.73* 4.88*
productivity std. error 1.10 1.41 0.74 0.48
p N 6 7 4 9
G

gm/m / day
Net Mean 2.83 4.97 3.45 2,20

productivity std. error 0.62 0.95 0.49 0.37
P N 6 7 4 9
N '''

2
gm/m / day

5.12 4.89 4.28* 2.68*Respiration Mean - .
.

R std. error 0,80 0.48 0.35 0.31
2

gm/m / day N 6 7 4 9
Plankton Mean no 2.37 0.45 0.77.

P std. error data 0.45 0.03 0.23
2 N 5 4 9 -

gm/m / day -

.

' < " - Plankton Mean no 1.78 0.25 0.50
( P std. error data 0.49 0.03 0.16

N'
2 N 5 4 9

Em/m / day
Mean no 0.60 0.20 0.28Plankton '
std. error data 0.11 0.04 0,09R. -

-

2
gm/m / day - N "5 '4 9

{C
emperature Mean 29.5 29.6 19.1 20.3

std. error 0.26 0.40 0.95 1.72
N 6 7 4 9

Salinity Mean 15.5* 23 9* 20.0* 26.9*
Ot,i5ppt std. error 1.67 0.98 0.87

N 6 7 4 9

* denotes significance at the 95% confidence level

.

1

.

.

;
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comparison of the gross productivities of the discharge bay in the two

studies shows that an average decrease in P of BM has occurred.g

The statistical results of Tables 11,12 and 13 are illustrated

in Figs. 11 - 14. The bars about the points represent one unit of

standard error.

The seasonal averages of gross productivity in the preoperational

stuiy (Fig. 11) show the lowered P 's for the control site. M deg

addit. ion of the current operational study's data (Fig.11), a further

depression in discharge bay gross productivities is exhibited. This is
,

a decrease of approximately 80% of the preoperational discharge bay gross

productivity. At present, the discharge bay gross productivities

average about 10% of the gross productivities of control bay E.

Reducing the gross productivity into its component parts in Fig.12, .

._

it is observed that the P an va ues in the discharge bay maintain
. N

themselves at a rather ccnstant level throughout the year. In the current <

study (Fig. 12), the aischarge bay values for P and R are again main-
,N
I

tained at near constanc levels, although at c.onsiderably lower values. j

Temperatures in the preoperational stud of the discharge bay and

control site exhibited identical trends (Fi .13) with the discharge j

bay temperature averaging 3 C greater than the control site. With the

operation of the third generating unit and resultant increase in thermal

load, water temperatures in the discharge bay increased an average of |

3 C over the previous discharge bay temperatures (Fig. 14).

1

The ecological efficiencies calculated from Smith's (1976) data

(Table 14) fall within the normal range of 0.2 - 1.0% for gross produc-
4

tivity. The preoperational control station had an efficiency of 0.66% '

p -..

and the operational control station study 0.55%. The inner discharge

III-53'
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Fig. III-11. Comparison of. seasonal' averages of gross productivity in_the
control and inner discharge bay between the preoperational~and' operational

.

study. Bars about the points represent plus and minus one unit of standard-
/ -error.
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bay with a preoperational gross productivity approximately half that

. .

p of its control station (Table 14) had an efficiency of 0.32%.

V
In a comparison of the preoperational and operational stations of

the inner discharge bay, it is evident that a large decrease in the

ecological efficiency of the metabolism has occurred. The 1977 operational

study values for ecological efficiency in the discharge bay declined

approximately 80% from those values reported in the preoperational study

for the same bay.

Data from the preoperational study (Table 15) shows that the plankton

productivity accounted for about 40% of the total community productivity.

Thus, it was inferred that benthic metabolism was predominant. In the

current study (Table 8) plankton productivity now seems to account for

approximately the entire gross productivity of the inner discharge bay.
.

- -- -- --

(
\ Didcussion

The data collected in this study suggests that most of the total

community metabolism of the inner discharge bay was attributed to the r

plankton metabolism. As there was no statistically significant difference

in the amount of plankton productivity in the inner discharge bay _between |
!

the preoperational and operational studies, it appears that the major
,

change has been a decrease in benthic productivity. During the preopera-

tional study benthic metabolism averaged about 60% of the total community j

metabolism in the inner discharge bay (Smith,1976). In the present
,

j

study the levels of benthic production showed a large decline in net

productivity and respiration. This effect suggests the possibility

of photorespiration and/or a change in the benthic community structure
t'_3

from that of the preoperational study. The survey of community

)
III-58.
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structura by Connall, Matcalf cud Eddy (1978) shows'thct only..four gensra |
.1

.

.
.. 1

.

of macroalgae were found in the inner discharge bay while 15 genera were- i- - -:

'|2\ present in its control bay. The mean biomass (gm dry wt/m )- of macro- j
:

.!algae in the inner discharge bay was less than 3% of that found in the
|
t

control bay for the three quarters reporte Sea grass in the inner |

.I
discharge bay was dominated by one species Halodule wrightii.- .t

'I
.

This seagrass was absent for most of the year in those stations closest |
;

to the canal. Quarterly transects also indicated a decrease.in percent. |

!
cover in September. {

*

f
The low values for the plankton metabolism of the inner discharge j

i

bay were comparable to those found in the control bay, which is a benthic-

dominated system (Table 15). Similar low levels of plankton productivity- :

vere reported for several shallow bays 6.9.- 1.5 m deep) in Texas | .

i

(Odum and Hoskins, 1958), but again these were. benthic dominated systems.

Thus, the inner discharge has_ plankton productivities similar to those of- t

:;
benthic dominated systems, with the important exception ~that-the amount >

.

:

ofplanktonmetabolismisnotsignificantlydifferent'fromthetotal} -

metabollsm.
,

.

|-

.i

Summary !
i

1. Metabolism in the inner discharge bay:in 1977 was approximate 1y' '

10% of the control bay. :

, .

.
.

|

2. Discharge-bay metabolism in 1977 was'20% of the discharge bay ~ meta-
.ibolism in 1972-74. ]

3. Plankton productivity measured in bottles was not significantly

different from the levels observed in'the preoperational. study. i

4 ': = Ratio of' production to respiration fluctuated widely..

';
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Tuble III-14. < Record of' ecological officiencies for the inner discharge
_,

bay and control bays: preoperational study (adapted from Smith, 1976). '

7%
-k_) Date Insolation % Ecological

2mo d yr kcal/m / day efficiency *

Inner discharge bay
Season l_ 5-26-74 5834 .28
Season 2 7-26-73 6115 .40
Season 2 8-2-73 2889 .30 i

Season 3 11-1-73 4490 .31
x .32 ;

s.e. .03

Control bays
Season 1 5-25-74 6409 .62

'

Season 1 5-26-74 5834 .62
Season 1 6-25-73 3037 ,66

,

Season 1 6-26-73 6443 .65
Season 1 6-26-73 6443 .40
Season 1 6-27-73 6144 .72
Season 1 6-28-73 6648 .64
Season 3 11-12-73 3100 .71
Season 3 11-13-73 4140 .81
Season 3 11-14-73 4280 .79
. : cci 2 ' .66 g.

s.e. .04

(. '

* Ratio of (g oxygen production x 4 kcal/g) to kcal of total insolation
including visible and infrared.

.

Season 1 = spring

Season 2 = summer

Season 3 = fall

Season 4 = winter

I = mean
|

1

|
'

l

|
1

|
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-) .Table 111.15. Component percentages of total metabolism gross productivity-
.

- (P ) of the inner discharge bay and control bays in preoperational study ]''c
- '(adapted from Smith, 1976). .

' ..!
Average Average n. Average Averagege ,

" t' total com : Plankton ~ .% of meta . % of meta ,5- Ej:
N

f ,munity.P Pf,, " *bolism'due. bolism due . g,
3 g

gf,2/ ay P ankton to benthos.lt .

j!= Inner discharge bay ,

Season 1 4.0 3.2 80% 20%- 2 :.-
Season 2 4.4 1.0 23% 77% '3' [;

t ;Season 3 3.3 0.8 24% 76% 3
' lSeason 4 no data

X 42% 58% i
:

1
~

Control bay

Season 1 8.9 4.4 49% 51% 5' {
Season 2 no data

.

. ;

Season 3 7.7 0.4 52% 48% 4-
Season 4 no data j.

?X 50% 50%~ i
t .

-

'

Season 1 = spring f*'
/''t . h-' Season 2 - summer

,
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!
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._X = mean
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COMZ!UIIITY METABOLISM OF THE OUTER DISCHARGE AND CONTROL BAYS

es
( 4- by
\~ J

Jeff Lucas

Introduction

This chapter contains results of metabolism measurements in the

outer discharge bay (B) and unaffected bay (D) of similar depth used

for comparison (See Fig. 2 of introduction to thi; report). In 1972-73,

McKellar (1975) conducted a total community metabolism study to measure

the effects of units 1 and 2 on the outer bay ecosystem receiving dis-

charged water. His results suggest a slight depression in gross produc-

tivity in the outer discharge bay compared to a similar control bay. The

discharge bay was found to be plankton dominated while the control bay

was a benthic dominated system.
:

'

Methods and Materials

Total community metabolism was determined from diurnal oxygen changes

in the bays using two methods modified from Odum and Hoskins (1958). The i

first method involved the analysis of full diurnal oxygen curves from

measurements made every 4 hours in a 24 hour period. The second method-

was an abbreviation of the first where oxygen changes were estimated from

samples taken at times of minimal (dawn) and maximal (dusk) oxygen concen-

tration.

Oxygen was measured using a sodium azide modification of the Winkler

method (see McKellar,1975). In addition, Secchi disk, wind, current

velocity, salinity, temperature, and depth were measured at each station.

Diffusion coefficients were taken from McKellar (1975). Plankton meta-

O(_) bolism was determined by oxygen changes in light and dark' bottles.
J
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Diurnal net productivity and respiration values were calculated from

i an oxygen rate of change curve (Fig.15). The change in oxygen concentra-

tion per hour is multiplied by the depth and plotted on the rate of change

Temperature and salinity data are used to determine the percentcurve.

oxygen saturation using a nomogram from Green and Carritt (1965). This

percent saturation was then multiplied by the diffusion coefficient and

added (if percent saturation >100) or subtracted (if percent saturation

< 100) to correct values.

Respiration was calculated by integrating the area between sunset
| 9
| and sunrise under zero gm 0 /m'/hr on the rate of change curve. Net

2

productivity was calculated by integrating the area above zero between

dusk and dawn and subtracting the integrated area below the zero line
4

between dusk and dawn.
-

p A detailed review of methods and materials has been listed by

b '

Benkert (previous chapter of this report).

Results

Temperature, Salinity and Light Penetration
:

Data on temperature,' salinity, and light penetration are given in

Table 16 and Fig. 16.

Water temperatures ranged from 28.5 to 36.1 C in the discharge bay

and 15.0 to 31.6 C in the intake bay (Fig.16s). Peak temperatures

occurred from June to September. The average AT was 4.5 C between the

two bays with a range from 1.3 to 6.2*C. One fossil fuel unit was shut

off and the nuclear unit pumped ambient temperature water on August 22 and ,

23, thus reducing a T on these two days to 1.8*C and 1.2'C, respectively.
O !u .

.;
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Fig. III-16. Water temperature, salinity and light extinction for the outer
'co6 trol (Station D) and discharge (Station B) bays,1977. (a) Water

temperatures shown represent average diel temperatures measured. Lines
are drawn through monthly averages; (b) salinity values represent average
diel salinities; (c) light extinction coefficients calculated. from

,

Secchi dise depths; (d) where (K = 1.7/d) and from subphotometer data.
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Table'III-16. Average sal'inities, temperatures and light extinctions..
-Number of observations is listed in parenthesis; standard error'is' listed i

with average. (1977) -
.. _

l
!

}M
q

Spring Summer Fall Winter |
!

Temperature ("C) j
Discharge 25.7(1) 35.73 (4) 0.18* 31.24(11)i 1.29* 22. 88(5)il.33* 1

Control i 20.40(1) 31.10(4)i0.21* 27.23(11)i1.29* 17. 48 CS)11. 05* ,

Salinity Co/co)
Discharge 24.3(1) 28,95(4)i0.24* 29.15(11)i0.61 27.94(5)i2.41
Control 23.70(1) 26.90(4)10,18* '27.64(11)i0.70 27.60(5)il.19

Extinction (meter-1)
Discharge 1.62(1) 11.17(4)i0.12 1.32(11)i0.5** 1.24(5)i0.07*
Control 1.37(1) 1.24(4)i0.12 1.15(11)i0.08** 0. 98 (5)i0.0$*. ;

-!

* Means for ziischarge and control significant at the 95 confidence
"

"~ svel (2 ewle t-test) .1

** Means for discharge and control significant at the 90% confidence |
1evel (2 sample - t-test) . ,

i

f

9.

0 :

.

f

I

1

i

1

.i

!

Q;q
.

.

;
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Unit 2 was shut down fron October 17 to the end of this study, but this

had no ef f ect on reduction of AT with the average AT of 5.2 C (higher'

than the yearly average).

Salinities ranged from 22.5 tn 30.9 o/co in the control bay and 24.3

to 31.5 o/oo in the discharge bay. The salinities for the discharge bay

averaged 1.3 o/co higher than those of the control bay and in only 2 of

12 samples was the salinity of the control bay higher than that of the

discharge bay. The difference was statistically significant in the

summer samples (Table 16).

Light extinction coefficients ranged from 0.9 to 1.6 for the

discharge bays and 0.9 to 1.7 far the intake bays. Extinction coefficients

were significantly higher (therefore turbidity was higher) in the discharge

bay in the fall and winter months. The AT increased 1.5 C from a 6T of-

.

X 3 C in the 1972-74 study to a AT of 4.5 C in this study. In comparing

Q
stations between years, only the summer discharge samples for 1977 were

significantly different from the 1972-74 discharge samples (35.7 C and

30.3 C,.respectively - two sample t-test, p < 0.05). Mean temperatures

in summer and winter were also significantly higher in the control 1977

samples than in the 1972-74 control samples (31.1 C and 27.7 C, respec-

tively - two sample t-test, p < 0.05) but all other differences were not

significant.

~

Salinities recorded in the preoperational study ranged from 20 to

30 o/co, with similar salinities exhibited by both bays (McKellar, 1975,

Fig. 17b). In contrast, 83% of the paired sanples taken in this study

showed an increase in salinity in the discharge bay. Salinities ' averaged 1.3% -

higher in the discharge bay. This difference probably reflects the increased

(n,/ pumping of higher salinity offshore waters into the discharge bays. .In
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the discharge bays, salinities were significantly greater in 1977
,

)

than in 1972-74 during summer (29.0 and 23.7 o/oo, respectively) and
v

f all (29.2 and 25.7 o/oo, respectively - two sample t-test, p = 0.05) .

Salinities in the control bays were also higher in 1977 than 1972-74

in the summer (26.9 and 24.8 o/co, respectively) and fall (27.6 and ;

24.7 o/oo, respectively)(p = 0.10) .
..

Higher light extinction values (and therefore higher turbidity)

in the discharge bay were significant during fall and winter (two sample

t-test).
i

Total Metabolism

Data on total metabolism of the whole water column are given in

Figs. 18 and 19 and Table 17. Gross productivity values ranged from

0.73 to 10.39 gm 0 /m / day in the discharge bay and 1.39 to 9.32 gm
2

0 /m / day in the control bay. Productivities for the intake bay peaked
2 ,

" in the summer with the lowest values measured in spring and winter

( Fig . 18) . The discharge bay exhibited a more sustained peak in late

summer and fall but productivity did not reach the maximum of that in the

control bay. Seasonal differences were not significant (Table 17).

Both net daytime productivity and night respiration followed trends

similar to those of gross productivity. Respiration was lower in the

discharge bay in the summer, but similar in all the other months

(Fig. 19). Net daytime productivity was significantly higher in the

winter samples for the discharge bay, but all other differences were not

significant (Table 17). Farges for net productivity were -0.30 to 6.44-

'

and -0.42 to 5.58 gm 0 /m / day (12 hr) for the discharge and control
2 ,

!bays,respectively.

/D() The ratio of gross productivity to total respiration indicates the

,
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Table III-17. Season ~ averages for gross productivity (P =PN+Rnight}'g

net productivity (P a d night respiration (R) for the outer control )
.

and discharge bays.N) Number of observations is listed in parenthesis;- (--
.

standard error is listed af ter value. (1977)

g (gm 0 / day) P (gm 0 /m day) R (gm 0 /m ' day)Season P
2 2 2

Spring
Control 2.36(1) 0.96(1) 1.40(1)
Discharge 4.14(1) 2.45(1) 1.69(1)

Summer
Control 7.73(4)10.63 : 3.89(4)i0.67 3.85(4)10.13
Discharge 6.34(4)12.02 3.21(4)11.51 3.14(;4)19 56

Fall
Control 4.66(11) 0.57 2.08(11)i0.42 2.57(11)i0.22
Discharge 5.78(11)i0.76 2.97(11)i0.50 2.82(11)i0.32

Winter
Control 2.18(5)19 23 0. 78 (5)ip.11* 1. 40 (5);tp. 30

_ Discharge 2.63(5)10.23 1.33(5)i0.06* 1.30CS)10.19
X Control 4.54(21)i0.99 2.06(21)i9 34 2.48(21)19 23

Discharge 5.03(21)i0.61 2.60(21)i0.40 2.47(21)i0.25
...

* Means for control and discharge are statistically significant at-
the 95% confidence level (two sample t-test). - ; ;

() '

.

h

k-!

J.c
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Table 111-18. Season P/R averages for the outer discharge and control
stations.. Standard error is listed after values. Number of observations,.

f - is listed in parenthesis. (1977)
,

Season P/R

Upring
Control 0.84(1)
Discharge 1.22 (1)

Summer -

Control 1. 01_M.10 (4)
Discharge 0.9110.21(4)

Fall
Control 0.90%.07(11)
Discharge 1.0010.09(.11)

Winter
Control 1.0510.07(5) ,

Discharge 0.9310.19(5)

.

-

-

.

. /%
V:
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' degree of aut'otrophy or heterotrophy of a system. No values were
,

significantly.different from unity, indicating a balance of. organic.

production and' consumption in the bays. Comparison of seasonal P/R

ratios show no significant differences between bays (Table 18). +

Ecological efficiencies were calculated for.each sample for which .

i
indication data was available (Table 19). Average ecological efficiencies

were nearly identical between the control and discharge bay (0.35% and

0.34%, respectively). Neither total nor season averages were found to ' i
1

be statistically different (two sample t-test, p = 0.05).

Plankton Metabolism . ,

Data on metabolism in water measured in dark and light bottles are

given in Figs. 20 and 21 and Table 20. Gross plankton productivity ranged:
,

from 0.96 to'6.69 gm 0 /m / day and 0.51 to 5.04 gm 0 /m / day in the
2 2

~ .
discharge and control bays respectively. Net plankton' productivity ranged

'

from -1.38 to 6.06.gm 0 /m / day in the discharge bay and 0.52 to 3.58 gm
2 ,

0 /m / day in the control bay. Respiration ranged from 0.05 to 2.91 gm
2

'0 /m / day in the discharge bay and 0.12 to 2.32 gm 0 /m / day in the
2 2

control bay. ]
:

For the control bay, gross planktra productivity peaked in mid. ]
1

summer with an average productivity of 4.05 gm 0 /m / day and' continued
2,

to decline through the last winter samples when the average productivity

2-vas 0.72 gm 0 /m / day (Table 20 and Fig. 20). Gross plankton productivity in
7 .

the discharge decreased from spring (2.89 gm 0 /m / day) to summer (1.90 - 12

. gm 0 /m / day) -and remained low until the August samples (Table 20) .
2

.
. 1

Seasonal differences in the discharge-bay.were not statisticallys '!
!

.significant except gross' plankton productivities were significantly:

higher in the| intake bays in the summer samples. j
~

!
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Table III-19. Ecological efficiencies and solar insolation values for outer i

control and discharge bays. (1977)

Insolation Efficiencies (%) | e
2Date 'kcal/m . day Control Discharge ;

7-1 4200 0.69 0.11 ;

7-11 7400 0.43 0.46
7-13 5570 0.46 0.37

,

8-9 4780 0.16 0.06 ,

8-10 6030 0.42 0.33 ;

8-22 3870 0.52 0.15
8-23 5230 0.62 0.68 - !

9-8 6579 0.38 0.52 ,

9-19 6462 0.25 0.25
9-20 4896 0.46 0.57
10-1 5466 0.36 0.45 ,

10-2 5238 0.27 0.44 ;

10-17 6462 0.12 0.32
10-18 6227 0.23 0.22
11-1 2961 0.35 0.44.
11-14 4441 0.19 0.18
11-15 4347 0.20 0.22 *

11-29 2619 0.21 0.47
11-30 3416 e 0.32 0.29' 2

X =b.35f0.04(S.E) 0.34+0.04-

.

t

!

.|
I
J

- ..

(~'t i
v
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- Table 111-20. Season averages for ' gross plankton productivity (p
'7

.

net productivity (P ) and' respiration (R) for the outer control-ank . pN + R)
t -

\ discharge bays. Nu$berof.observationsislistedinparenthesis;
standard error is listed after value. (1977)

Season .P Plankton P,7 Plankton R Planktong
(gm 0 /m day) (g a /m day) (gm 0 /"2'087)2 2-

2 2

Spring
Control 1.51(1) 1.34(1) 0.17 (1)
Discharge 2.89(1) 2.27(1) 0.63(1)

Summer
Control 4.05(.4)10.60* 2.55(4)i0.43* 1.49(4)i0.30
Discharge 1.90(3)10.26* -0.03(4)10.46* 2.20(3)i0.41

Fall
.

Control 2.76(11)i0.32 2.06(11)i0.'25 0.70111)i0.12
Discharge 3.46(11)i0.54 2.82(11)i0.52 0.64(11)10.13

Winter
Control 0.72(,4)i0.10 0.53(5)i0.10 0.22C5)i0.04
Discharge 1. 48 (5)+0. 2a . 1.11(5)i0.21 0.38C5)i0.08.

,

* Means for control and discharge.are statistically significant at 95%
confidence (two sample t-test).

.,

$
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Nat plankton productivity values in the intake bay wars significe.ntly.

greater than those of the discharge bay only in summer (Table 20). Overall,

k~ trends were similar to those exhibited by gross productivities.

Plankton respiration for both bays peaked in the summer (1.49 and |
,

2.20 gm O /m / day for intake and discharge, respectively) and declinedy

to winter values of 0.22 and 0.38 gm 0 /m / day (intake and discharge,
2

respectively). Plankton respiration was higher in the discharge bay in .

,

spring and summer and approximately equal to the intake plankton

respirations in fall and winter. None of the differences were statis-

tically significant (Table 20).

Both outer bays appear to be plankton dominated since gross plankton '

productivity in bottles was greater than 50% of the gross productivity of

the free water measurements on a yearly average. Both stations were

plankton dominated for all seasons with two exceptions. In the summer,

(
V plankton productivity was 30% of the total community gross productivity

for the discharge bay, and in the winter, plankton productivity was 33%

of the total community gross productivity for the intake bay.

Discussion

McKellar (1975) showed that the ecosystem in the outer dischargo hay

exhibited a similar metabolism in comparison with a similar control bay.

Gross productivities were only slightly lower than productivity values

of the control bay and P/R ratios were approximately 1.0 for the yr.ar.

In adapting to the higher turnover rate, the outer discharge co'.amunity

exhibited smaller biomass storages with increased turnover rates. The
,

major producer component ln the discharge bay was smaller phytoplankton,

whereas the more shallow inmer bcy had a larger benthic metabolism.

This study (1977-78) indicates decreased plankton gross productivity
,
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for the discharge bay in summer months, half that of the control bay in
t-

.

;;
7-~s
( j- the averaged summer values (Table 5). Respiration rates of the plankton

!.

.

x/'

I were higher.
;

{ During the fall and winter sampling periods, respiration declined f
!

and productivities increased above the control values. The P/R ratios {

of one suggest a balance of produced and consumed organic matter by the

system in the year overall. '

Since the avaraged gross productivities for the discharge bay were

higher than those of the intake bay, the discharge outer bay ecosystem '
,

may have utilized the additional energies supplied by the actions of the

power plants.

In 1977-78'the plankton productivity averaged over 50% of the gross

productivity of the diurnal curve, which was similar to the conditions ;

'('"T of 1973-74. Higher plankton metabolism may be due to increased
V

({ available nutrients from the marshes, brought in by increased flow rates. |

A repeated post dawn depression in water oxygen levels sugges.s the

existence of photorespiration diurnal decrease of mixing, or some other

phenomenon, in these bays (Odum, Nixon 'and D1 Salvo,1971).

Summary

1. Temperature and salinity increased significantly in the outer

discharge bay with respect to the control bay and the outer discharge :

bays in 1972-73.

2. Gross productivities in the outer discharge bay were higher on the ;

avarage than control values but lower than preoperational values. f
3. The peak of summer productivity was delayed in the outer discharge

y,m
:( ,) bay corresponding to a significant decrease in plankton productivities. I

-

I
i
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4. For the spring, fall, and winter seasons, the outer discharge bay
,

.

appeared to increase productivity. |
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C0!MUNITY META 30LISM OF BAYS, OB AND C i,

- by
>

John W. Caldwell- I

!
Introduction

This chapter contains the results of a study of the bays. furthest- |
'I

offshore from'the power plants (OB and C). Monitoring of area C (Fig. 22) !
y

provided information about the source of cooling water for the plants as !
!

well as serving as a " control" area for its counterpart on the discharge- |
.i

side. Monitoring of area OB indicated changes, if any, in flows, tempera- *

>
;

tures, and size of the thermal plume occurring further out in the bay :|

system.

y
i
s
,

Materials and Methods -

'I

- -
A detailed discussion'of'the methods used in this study is given l-

;

-

in the first chapter of this report (Benkert). !
i

Diurnal measurements at four hour intervals'were taken in area C !
!

(Fig. 22) beginning in April, 1977. .These measurements were collected f

once each quarter (April-spring, July-summer, October-fall) on. successive
-

q
days. Diurnal sampling in area OB (Fig. 22) was begun in July, 'also on .

1
- successive days and again in the fall (October). !

!
Dawn-dusk-dawn collections were made approximately_ every two weeks in .|

||
area C.beginning.in May, 1977 and in area OB in June, 1977. ].

Three stations were established in each bay. Salinity, temperature,- f
dissolved oxygen, current speed and direction, wind' velocity, Secchi- f
depth,-and water depth' vere recorded at each station. Triplicate 0

2
.

samples were collected at each station'during the dawn-dusk-dawn program; I

O. . !O duplicate samples were. collected during the diurnal runs.
~

,

;
.i
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Productivities calculated from diurnal samples were plotted graphic-

ally as shown in the example in Fig. 23. Dawn-dusk-dawn measurements
(~)T'_

\_
were calculated according to the equation of McKellar, 1975.

Results

Temperature and Salinity

Data on temperature and salinity are given in Table 21 and Table 22.

Surface water temperatures ranged from 15.58 to 31.82 C in the

control bay (C) and 19.98 to 35.00 C in the discharge bay (OB). Water

temperatures in the discharge bay were higher (significant at p = 0.1, two

sample t-test) than the corresponding ambient (control) bay over the
i

year. This 6T (average 3.4 C) is a result primarily of the thermal

loading of the estuary by the operation of the fossil fuel and nuclear
_

power plants.
~

(M\~ l The highest average temperatures for both bays were recorded during
'

the summer (Fig. 24), with temperatures gradually decreasing through fall

and winter. The AT ranged from a high of 4.49 C in the winter to a low

of 2.59 C in the summer. Winter and su=mer discharge bay temperatures
;

|were significantly different from their control, counterparts while fall
~

iv
|discharge values, though higher than in the control, were not significant "

-

!

(Table 22). Fluctuation in /ST resulted primarily from the periodic
|shutting down and reduction in operation of one or more of the power
|

|
plants.

Salinity values for the season are plotted in Fig. 24b. Highest

salinity measurements were recorded in the fall. No significant

differences were detected between the control and discharge bays (Table 22). .

. 7.-
N)
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Table.III-21. Mean annual temperature ( C) and salinity (o/co) values for
j- control area (C) and discharge bay (03). Number of observations, standard - |"(,j} . error (S.E.), and minimum and maximum values are indicated for each ;

average. (1977)
;

i
No. bf Mean S.E. Minimum '' Maximum ;'

observa .
tions

Temperature (*C)
Control 21 25.34** +1.25 15.58 31.82 i
Discharge 18 28.77** 11.32 19.98 35.00 - j

!
!Salinity (p/ool

Control 21 28.10 10.47 24.11 31.08 ?

Discharge 18 28.37 +p.47 25.16 31.48
,

!

- :

!

level (two sample t-test).
~ I* Means for control and discharge are significant at the 95% confidence

!
.

** Means for control and discharge are significant at the 90% confidence '

level (two sample t-test).

t

()

.

-

:

i

i

[

!

P

'

t

4

' i

J
|
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Table III-22. Mean seasonal temperatures ( C) and salinities (o/oo) for the

control area (C) and discharge bay (dbl. The number of observations is !

'''s'k / shown in parentheses, The standard error (S.E.1 is indicated with each
s average. (1977)

Spring Summer Fall Winter

Temperature (.*C)
Control 20.69(1) 29.7710.48(8)* 26.3911.89(7) 17.72 1.03(5)*
Discharge no data 32.3(bD.93(6)* 30.3712.06(7) 22.21i0.93(5)*

,

Salinity (.o/oo) |
Control 24.11(1) 27.7110.70(8) 29.2910.60(7) 27.851:1.07(5)

'

Discharge no data 27.9910.54(.6) 29.3710.82(7) 27.46+0.95(51 1
.!

-
1

J

i* Means for control and discharge are significant at the 95% confidence
level (two sample t-test).
** Means for control and discharge are significant at the 90% confidence ,

i

level (two sample t-test).

,
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,
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!
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Total Metabolism
,

Q Data for productivities are shown in Figs. 25 and 26 and Tables 23 |
,

1

and 24. i

|
Annual mean gross primary productivity (P estimates ranged from

|G

0.99 to 11.86 gm 0 /m / day in the control area and 0.15 to 9.26 gm 0 /" I
2 2

;

day in the discharge bay (Table 23).

Mean annual net productivity (P ) values were slightly higher in
'

2the control area, measurements ranged from 0.66 to 6.02 gm 0 /m / day in
2

the control and -2.21 to 4.54 gm 0 /m / day in the discharge bay.
2

Annual night respiration (R) averages were also slightly higher

in the control bay. Estimates of R in the two bays included 0.30 to

6.02 gm 0 /m / day in the control and 0.80 to 4.85 gm 0 /m / day in the
2 2 ,

discharge.
.

Q Gross productivity estimates (P ) were highest in-the control areag
U 2

'

during the summer (7.98 gm 0 /m / day, Fig. 25), tapering off through '

2

the fall and reaching their lowest levels in the winter (2.97 gm 0 /* /
2

-

day). Similar estimates for the discharge bay peaked in the fall (9.86

gm 0 /m / day) with lower values occurring in both the summer and winter
2

'

(Fig. 25). Comparison between the two bays showed significantly higher ;

P values in the control bay during the summer (Table 24).g

Net productivity values (P ) showed a trend similar to gross produc-
N

tivity (Fig. 26). Values in the control bay during the summer were -

significantly higher than the discharge bay (Table 24); the control

'2reaching its lowest levels in the winter (1.26 gm 0 /m / day). The j
2

!

discharge bay reached its highest net productivity levels in the fall ;

(3.25 gm 0 /m / day) followed by winter and summer, respectively. The
~

2

(3
(/ trend was reversed in fall and winter with discharge values significantly
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Table 111-23, Mean acnual estimates of gross primary productivity (P ), netgproductivity (P,,) arif i t| ht respiration (R) for the control-(C) and
- ~T discharge bays 103). O2 number of observations are shown in parentheses;j(u ) ' standard error (S.E. and maximum and minimum values are indicated for

2 ;

each average. Data are icqpressed in gm 0 /m day. (1977)
2

.

No. of Mean S.E. Minimum Maximum
observa-

,

tions
;

;

r Gross productivity (P
GControl 21 5.44 fp.67 0.99 11.86 i

Discharge 18 4.70 fp 50 0.15 9.26 ,

Uet productivity (P l ~ ' '

N !
Control 21 2.64 +0.37- 0.66 6.02 '

Discharge 18 2.40 1034 -2.21 4.54 *

l
Night respiration (R)

control 21 2.80 10.33 0.30 6.02 ';

Discharge 18 2.30 19 29 0.80 4.85

!
t

. .-

* Means for control and discharge are significant at the.95% confidence ,

level (two sample t-test). :|
** Means for control and discharge ara significant at the 90% confidence-

.( ) level (two sample t-test).
' .

1

i

!
!
t

.

,

5

A
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.
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Table -III-24. Mean seasonal estimates for gross primary productivity (P ),g ,

net productivity (P ), and night respiration (R) for ' the control
(C) and discharge bNys (OBl. Number of observations are shown in paren-g-
thesis; the standard error CS E.) is indicated with each average. The
data are expressed in gm 0 /m day. (1977)2

Spring Summer- - Fall Winter

,

Gross primary produc-
tivity (P )g

Control 4.68 7.9811.25(8)* 4(4110 44(7) 2.9710.45(5) ;
. ,

Discharge no data- 3.98+0.83(6)* 5.8610.86(7) 3.9310.63(5) i

Net productivity (P )

Discharge no data 1.7110.81(6)* 3.2510.39(7)* 2.0210.27(5)**_
f

N
Control 2.21(1) 4.0810.65(8)* 2.0410.28(7)* 1.26 0.27(5)**

Night respiration (R) ,

Control 2.47 (1) 3.9010.63(81* 2.3710.35(7) 1. 71_+0,25 (5) :

Discharge No data 2.2710.37(6)* 2.6110.60(7) 1.9010.48C5) ,

:

* Men'ns for control'and discharge are significant at the 95% confidence
~

level (two sample t-test).
',*

** Means for control and discharge are significant at the 90% confidence -
;

level (two sample t-test).
~

.-

i

i

i

I

i

.

O
,

I
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higher than the control area (Table 24).

/~T Gross primary productivity, net productivity, and night respiration

b_
were all lower in the discharge bay in the summer (significant, p = 0.05;

paired t-test), but were higher in the same bay during f all and winter.

Night respiration (R) followed a trend similar to gross and net

productivity (Fig. 26). The control was significantly higher (Table 24)

than the discharge bay during the su=mer.

Plankton Metabolism

Gross plankton productivity ranged from 0.73 to 9.88 gm 0 /m / day
2

' n
in the control area and 0.80 to 7.26 gm 0 /m'/ day in the discharge area.

2

Over the year, gross plankton productivity was significantly higher in

the rontrol bay (Table 25).

Mean annual net plankton productivity was slightly higher in the
"

1-2control area as compared to the discharge bay (3.06 gm 0 /m / day and
2g

2.18 gm O /m / day, respectively), the values ranging from 0.43 to 8.75y

gm 0 /m / day in the control and -0.14 to 6.23 gm 0 /m / day in the
2 2

discharge area (Table 25).

Plankton respiration values were recorded from 0.20 to 4.29 gm 0 /
2

m / day in the control and 0.07 to 1.24 gm 0 /m / day in the discharge bay.
2

The annual plankton respiratic. average was significantly higher in the

control bay (Table 25). |

Gross plankton productivity peaked in both the control and discharge

bays (6.54 gm 0 /m / day and 4.03 gm 0 /m / day, respectively) during ~ the
2 2

summer (Fig. 27), with the control bay showing the higher productivity. .

This difference was not significant, although it should be noted that

the summer discharge mean represents only two samples (Table 26). The '
-

f control was also slightly higher in the fall with the trend reversing

itself in the winter (discharge higher than control).
- . .
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Table III-25. -Mean annual gross plankton productivity, plankton' net produc-

tivity, and plankton respiration for the control area (C) and discharge-,,
t - bay (OB) . The number of observations, standard error (.S(E.), and minimum'

2- and maxiuum values are' indicated for each average. Units are gm 0 /m day.
(1977).

'No..of Mean S E. Minimum Maximum
observa-
tions

Gross plankton pro-
ductivity

Control 21 4.39** +0.59 0.73 9.88
Discharge 14 2.87** 50.47 0.80 7.26

Net plankton pro-
ductivity

Discharge 14 2.18
~+0.45 0.43 8.75Control 21 3.06
_0.43 -0.14 6.23+

Planktan respiration -
i -

Control 21 1.35* +0.23 0.20 4.29
Discharge 14 0.69* _0.10 0.07 1.24+

Means for control and discharge are significant at the 95%' confidence
~

'*

level (two sample t-test) .
a( s ** Means for control and discharge are significant at-the 90% confidence
' '

level (two sample t-test).

.

O
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Table III-26. Mean seasonal gross plankton productivity, net plankton produc- f

tivity, and plankton respiration for.the control area OC).and discharge [-

'[ ) bay 00B). The number of observations are shown in parentheses; standard
error (S.E.) is indicated for each average. Units are gm 0 /"2^d*I* '(1977)

|2

Spring Summer Fall Winter ,
t

,

Gross plankton pro-
-

ductivity
Control 4.22(1) 6.54 1.00(8) 3. 96+0. 49) 7) 1.60 0.34(51
Discharge no data 4.0313.23(2) 3.4019 37(7) I.6710.22(5)

.

. i.
Net plankton pro-

,

ductivity
.

;

Control 2.97(1) 4.2119 94(8) 3.0710.41(7) 1.2210.28(51 :

Discharge no data 3.0513.19(2) 2.5819 39(7) 1.281p.19(51 !

.

Plankton respiration -

Control 1.25 (1) 2. 34+p. 34 (8) * 0.92 0.17(7) 0.3810.11(51- ,

Discharge ne data 0.9919 05(2)* 0.8219 12(7) 0.3819 15(51 |
.

.!

Means for control and discharge are significant at the 95% confidence*

level (two sample t-test).
.

_,

** Means for control and discharge are significant at-the 90% confidence ~{
level (two sample t-test)..

'

O ,
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Net plankton productivity showed a trend similar to gross produc-

tivity (Fig. 28a); both bays peaking in the summer, decreasing to a low
7 ,]s
.-

..

'
'

in the winter. Plankton respiration was similar (Fig. 28b). The

control bay was significantly higher than the discharge bay in the summer

(Table 26) and both bays showed equal respiration values in the winter.

Gross plankton productivity, net plankton productivity, and plankton

respiration were generally less in the discharge bay over the year.

Only in the winter were discharge values higher in gross and net plankton

productivity. As with total metabolism, greatest differences occurred

during the summer months with plankton respiration significantly less

"(p = ~ 0.05, two sample t-test) .
~

Ecological efficiencies were calculated for both bays as a measure

of efficiency of solar insolation utilization (Table 27). Ecological
-

efficiency was less in the discharge bay in the summer, greater in the

same bay during the fall and winter, and equal in both bays over the

year.

Both control and discharge bays were plankton dominated throughout

the year (more than 50% of gross productivity) except in winter in the

discharge area when the plankton contribution was estimated as 43%.
- _. .. __. __ .._ ... __ .. -

a

Discussion

Temperature and Salinity

Water temperature i the discharge bay were higher than the corres-

ponding ambient (control) bay over the year. This lhT (average 3.43*C)

is a result primarily of the thernal loading of the estuary by the
,

operation of the fossil fuel and nuclear power plants. Peak teraperatures '

r
-( - were recorded during the summer, however., with _ the smallest diT being

recorded. The lowest temperatures were found in the winter with this

III-99
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season showing the highest A T.
X

'(x_-) . Salinities, although slightly higher in the discharge area, were

not significantly different. The expected (14cKellar,1975) drawing in

and consequent release into the discharge area of higher salinity offshore

water due to the increased pumping of the nuclear plant apparently did

not manifest itself in this discharge bay. It is possible that, due to

the distance of this discharge bay from the power plant discharge, by the

time water reaches the bay it is " diluted" somewhat by the advective

exchange of water between the bay itself and the open gulf. This exchange

of water is probably more prevalent in this area because its western

boundary is not clearly defined by the oyster bars present in the other :

discharge bays.

WTotal Metabolism ,

A
( ,) Gross primary productivity, net productivity, and night respiration

were all depressed in the summer in the discharge bay, but were higher

in the same bay during fall and winter. This depression suggests an .

initial disordering of the system as a result of the high temperatures

encountere.d in the discharge bay during the summer, with an enhancement

(maximum 35'C) of the system during the cooler months which enabled the

bay to sustain higher product $vities and respiration for a longer period

of time than its control counterpart. The 35'c temperature maximum

achieved during the summer probably represents a level of temperature

stress the present ecosystem is less tolerant of, resulting in a depression !
,

of prodictivity. In the cooler months the system is able to utilize

the additional energy (. heat) available to stimulate productivity. All . j

!

/~')
(_/ j

l
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of this suggests the present system has a temperature maximum above
._

(O which the system is depressed and below which the system is stimulated. !

wJ

Plankton Metabolism

Gross plankton productivity, net plankton productivity and plankton

respiration were generally depressed in the discharge bay over the year.

Only in the winter were discharge values higher in gross and net plankton

productivity. As in the total metabolism estimates, greatest differences

in plankton metabolism values occurred during the summer months with

plankton respiration showing the most significant depression. Again, this

is probably a result of the high temperatures encountered during the 4

summer, although stimulation of the system during the cooler months was

not as evident until the winter. Even during this season, discharge

values were only slightly higher and not significant. :. i
,

''
Ecological Efficiency

This parameter followed the same trend as the productivity estimates,
i

showing a depression in the discharge bay in the summer and a stimulatory

effect in the sama 'say during the fall and winter. Again, this emphasizes

the transitian effect of the high summer temperatures on the discharge -

system and the enhancement of the system during the cooler months.

Summary

1. Tumperatures measured at area OB in the discharge bay were 3.4*C

warmer over the year when compared to the control bay.

2. Salinity was not significantly different between the two bays.

3. Gross primary productivity, net productivity, and night respiration
'

'

were less in the discharge bay during the summer.
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4. Gross primary productivity, net productivity, and night respiration

were higher in the discharge bay than in the control bay during the fall-

,

, k, ~
and winter.

5. Gross plankton productivity, net plankton productivity and plankton

respiration were lower in the discharge bay than in the control area in

the summer.

6. Metabolism measurements were similar to the other outer discharge

bay and higher than the inner bay system.

7. Mean annual ecological efficiency estimates for the control and

discharge bays were equal.

;
.

i / -

.

%

'%
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OIV Table III-27. Ecological efficiencies and solar insolation values for control
(C) and discharge OB). bays. (1977)

Ecological Efficiencies
Efficiencies G1

Insolagion (G) (OB).Date
(kcal/m day) Control Discharge ,

,

7/1 4200 0.75 0.46
7/11 7400 0.50 --

7/13 5570 0.60 0.38
8/9 4780 0.08 0.01
8/10 6030 0.35 --

8/22 3870 0.87 0.59
-8/23 5230 0 91 0.37
9/8 6572 0,26 0.26
9/19 6462 0.33 0.47
9/20 4896 0.21 0.43

.'0 6810/1 5466 0.46
10/2 5238 0 35 0.54
10/17 6462 0.25 0.31
10/18 6227 0.25 0.16
11/1 2961 0|36 0.84

_~

11/14 4441 0.31 0.28

O- 11/15 4347 0.41 0.38
11/29 2619 0.27 0.38
11/30 3416 0.30 0.45

X 0.41+0.05 X = 0.41+0.05
(S .E . ) - (S . E. )

,

.

O
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COMMUNITY METABOLISM OF THE CANAL ECOSYSTDiS

<m by

Robert Knight

Introduction

This chapter includes data on metabolism in canals. Kemp (1977)

studied metabolism and other properties of the intake and discharge canal

ecosystems. At that time unit 3 was not yet in operation and therefore

flows were lower and temperatures in the discharge canal were lower.

Kemp found that net photosynthesis, estimated gross photosynthesis, and

nighttime respiration were higher in the discharge canals except during

the summer and early fall when the pattern was reversed with lower values

for the three parameters in the discharge canal. The discharge canal

~ had higher current velocity (20 cm/see as opposed to 9 cm/see in the

intake canal), higher nutrient levels, and a higher metabolism in winter.
~

3(V Metabolism was less in the discharge canal when water temperatures

reached 37.7'C. l
l

In the present study, data from the discharge canal are compared )
l

to the intake canal and data for both canals are compared to the previous
,

study. With the addition of the third unit, water flow has increased

3 3
from 2410 m / min to 4776 m / min, resulting in calculated current velocities

i

of 11 m/ min in the intake canal and 23 m/ min in the discharge canal.
'

Maximum temperatures observed in the discharge canal have exceeded 39'C.

1

|

i

Methods |

Three upstream-downstream diurnal oxygen studies have been made for I

each canal in 1977. Three stations were measured in each canal so that ~ '

} a total of twelve metabolism values are available for comparison to
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.I
previous studies. .j

!

|[ Duplicate oxygen samples'were taken from surface water at each station.

at four hour intervals. Stations were labeled as I-0, I-M, and I-S for.

the intake canal and D-6, D-1, and D-2 for the discharge canal (Fig. 29) . .

Average flow times between stations were calculated from pumping rates
e

and channel cross-sectional area (Fig. 29). Temperature, depth, salinity, _;
:

current speed, and Secchi depth were recorded when each sample was 'f
i

collected. .!
!

Data were graphed for each station, and depth, dissolved oxygen (DO), |
and percent saturation were estimated for each hour. Average depth, !

.q
'

percent saturation, and DO change per hour for a given water mass were

obtained using the' flow times given'in Fig. 29 without correction for !

tidal flow. Because of higher current velocities during this study f
_

.. the correction for tidal flow was not important (( 10% of total flow).
,

O. . .

was constructed using diffusion j

.

I
A corrected rate-of-oxygen-change graph

coefficients of: intake canal - 0.6 g 0 /m /hr at 100% saturation deficit;. f
intake basin - 0.4; and discharge canal - 2.0. These values were derived l

!

from a graph presented by McKellar (1975) using the current velocities

given above. 'j
l

-There are two concepts for net daytime photosynthesis; one includes

negative daytime net photosynthesis. Both methods of calculating community.

metabolism from diurnal oxygen curves were applied to the canal data

(see Fig. 30). The first of these methods is.similar to the one employed
.;

.by Kemp.(.1977) for these same' systems and was made so that the before
1

and after data could be compared.

i

The first method counts any daytime positive area above the zero )

rate-of-change line as P an any area un er e ne as P. ight. Thisnet n
;
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:

!

method is satisfactory for." normal" curves where the oxygen rate-of- |

change is always positive during the day anc' negative at' night. Our data

gave exanples of several situations with daytime negative rate-of-changes !

!
t

and nighttime positive values.

Negative daytime values can indicate a negative P where.R is ]
i
fexceeding P , and the system is living off of storages or imports of

organic matter. Positive nighttime values may indicate localized turbu-- .;
'I

lence or mixing of dissimilar water masses and were discounted by both j

!

methods. :j
,

:

.l
Results ;i

Diurnal curves summarizing data from the power plant canals and .|

oxygen saturation values from the point of intake, discharge, and outer

~

bay are located in Appendix III-4. ~!.

.

: ;
' Table 28 is a presentation of metabolism values calculated from the |

:

: )
'graph according to the first method given in Fig. 30.. None of the data
!

are significantly different between the intake and discharge canals at- ,

95% level of confidence.

Table 29 presents the calculations made on the same data using.the- .|
'

i

second method presentedlin Fig. 30. Using,this calculation' method we see
:

.that P was nearly zero or negative in many cases. Nighttime respiration

-was'found to be lower using this method. Due to the variability of'the

data, no significant differences were observed between intake and discharge
'

:

so that' ve can make only tentative conclusions. P,,e appeared to be louer .
.

q
.in the discharge' canal than in the intake and R was about the~same

t j
-!

for the two canals. -!

Fig.'31 shows old-and new data on. daytime net photosynthesis and j
i
!
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Table III-28. Results of diurnal metabolism studies in canals at the l
Crystal River plant with third unit in operation. Calculations were made !

_ () according to the method used by Kemp (1977).

Date Site Sunlight Max. Metabolism P/R l

temp. g 0 /m2 day
kcal/m .- 2

C -- P Rday
1977 N- G

July 13 Intake canal !
to Io ~Im 5570 32.1 3.56 8.15 11.71 .72

July 14 Im -+Is 31.7 3.28 7.36 10.64 .72 ,1

Mean 3.42 7.76 11.18 .72
(2 S.E.) (0.28) (0.79) (1.07) .76

Discharge canal
DB-+D1 5570 39.2 3.02 .5.81 8.83 .76 ?,

D1-*D2 38.8 1.09 13.89 14.98 .54 '

'

> Mean 2.06 9.85 11.90 .60
(2 S.E.) (1.93) (8.08) (6.15)

.

Oct. 1 Intake canal ,

to Io -+1m 5466 30.0 2.92 5.69 8.61 .76 :
Oct. 3 Im -+Is 30.3 1.72 7.43 9.14. .62 :,

Io -+Im 5238 30.0 1.91 4.39 6.30 .72 '

O-( Im -*Is 29.9 1.49 6.09 7.58 .62 ,

Mean 2.01 5.90 7.91 .67
(2 S.E.) (.63) (1.25) (1.25)

;

Discharge canal
'

,

D13+D1 5466 36.5 .62 13.13 13.75 .52
D1-*D2 35.6 7.29 5.33 12.62 1.18
DB-*D1 5238 36.4 .26 9.59 9.85 .51
D1 -* D2 35.7 .08 5.22 5.30 . 51 -
Mean 2,06 8.32 10.38 .62
(2 S.E.) (3.49) (3.80) (3.76)

.

Arrows indicate zone between which oxygen curves were subtracted to
obtain changes in flowing water.

t

(Parentheses indicate 2 standard errors of the mean.)

I
t
,

.

'|
|
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Table III-29. Results of diurnal metabolism stud'.es in canals at Crystal
River plant with third unit in operation (1977). Alternate method of

'( ) calculation was used. ;

Date Site Sunlight }bx. Metabolism
kcal/m2 temp, g 0 /*

2
day *C

P R
1977 net night-

July 13 Intake canal
, ,

to , Io+1m 5570 32.1 2.43 7.14 *

July 14 Im -+Is 31.7 -3.52 7.36 '

Mean -0.54 7.25
(2 S.E) (5.95) (0.22)

?

Discharge canal
DB -+D1 5570 39.2 -1.54 1.28 -

D1-* D2 38,8 -2.92 10.04
Mean -2.23 5.66
(2 S.E.) (1.38) (8.76)

Oct. 1 Intake canal
to Io +Im 5466 30.0 1.51 4.48 '

Oct. 3 Im - Is 30.3 -0.46 5.43 :

Io -* Im 5238 30.0 0.82 3.69.
\m, Im -+Is 29.9 -0.03 4.48- ,

Mean 0.38 4.52
(2 S.E.) (0.94) (0.71)

,

!

Discharge canal ,

DB -+ D1 5466 36.5 -3.92 8.58
D1 -- D 2 35.6 6.60 4.83
DB *D1 5238 36.4 -3.97 5.45
D1 -+ D2 35.7 -3.92. 1.25
Mean -1.30 5.03

,

(2 S.E.) (5.27) (3.01)
i

~

Arrows indicate zone between which oxygen curves were subtracted to '

obtain changes in flowing water.

(Parentheses indicate 2 standard errors of the mean.)
,

t
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I
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night. respiration. So far respiration is higher and net photosynthesis

lower. P/K values are compared in Fig. 32. Since the addition of the

third generating unit respiration is greater than photosynthesis and P/R

ratios are lower than before.

Increased flow had little effect on respiration in the intake canal

and gross photosynthesis may have been slightly increased in the discharge

canal (Fig. 33).

Summary

1. The increased flow rate had no consistent effect on community

metabolism in the intake canal.

2. Community respiration and gross production may have been greater and

net production less in the discharge canal in the present study as
-_

_

compared to the intake canal and conditions in 1972-74.
~

3. Zero change or a net decrease in organic matter was measured for

both canals in this study.

A
V
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MARSH METABOLISM MEASUREMENTS

- by

" Douglas A. Hornbeck
i

Introduction j

i

The purpose of this study was to assess how the operation of Unit #3
,

!

of the Crystal River power plant affected the marshes in the proximity
,

i
of the discharge canal. Areas which were affected by thermal effluent and' :

>

control marshes which were not affected were studied. Measurements of !

I

marsh structure and function were made and compared with data collected
i

- :prior to operation of Unit #3 (preoperational data) and reported by-

Young (1975) . |

The present study duplicated methods used previously, inasmuch as
e

practical, to provide a basis for comparing-conditions prior to and ;

subsequent to initial operation of the nuclear unit.1 Quarterly 7

measurements of structure included harvest of the dominant grasses for
5

height and weight parameters; counts of the periwinkle snail, Littorina;

}
and counts of crab holes. Measurements of function included net photo -

synthesis and respiration made by analysis of CO fluxes of the marsh
2

community. Physical parameters monitored were solar radiation input, air i
i

temperature, water temperature, and tide level.
,

!
The Sites . |

IThe sites chosen for the present study were in two areas, one of
.

which received tidal inundation by water of elevated temperature due to i

. . !
its proximity to the discharge canal (see Fig. III-34). The control area . ;

received no thermal additions from the effluent due to a long jetty | 'j
l

constructed to avoid recycling previously heated water through the power . '{
__ - !

plant. These areas paralleled those of the previous study as closely as

possible. .;
!

Data for two quarters obtained in 1975 before Unit 3 vent in operation |1

were never worked up. These data vill be analyzed in order to make ;

comparisons.=
. III- 116
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Both control and th rmally impactcd marchns racnivrd ceni-diurani

tidal inundation. The floristic composition of these marshes were similar,

o

(] with two species dominating. Most of the marsh surface of areas

surrounding the Crystal River site was covered with patches of Juncus

roemarianus, which grows to a height of 2 meters. These areas were of

higher elevation, receiving less frequent and less severe tidal

inundation. Spartina alterniflora was typically found along the fringes

of the Juncus marshes where it is more exposed to tidal action. Water

which flooded the thermally impacted marshes was 2.6 - 7.2*C higher than

that which flooded the control marsh.
-

Materials and Methods

To quantify standing crops of Juncus roemarianus and Spartina alterni-

flora, quarterly harvests of vegetation were collected in the thermally

,m, affected and control areas. Five replicate samples for Juncus and nine

('')
replicate samples for Spartina were collected each quarter. Each sample

represented 0.25 m of marsh surface. The number of dead, flowering, and

live stems in various length classes were recorded for each quadrat. Wet

and dry weights for live and dead material were also determined. As _

each quadrat was harvested, the number of Littorina encountered was

recorded. Also, the number of holes in the marsh substrate was counted

as an index of crab activity.

Measurements of Functions (Metabolism)

Measurements of plant community metabolism were made by enclosing
,

!

an area of marsh plants and substrate with covered chambers which were.

flushed with ambient air. Gaseous exchange of CO2 and water between the

air and biota was quantified by measuring concentration differences
~

.g
U across the individual chambers. Figure III-35 shows the major components

of the sampling system.
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Chambers r.nd Field Apparatus

The environmental chambers consisted of a rigid cylindrical metal
p-s

frame covered with clear plastic. The area of marsh covered by each'-

c'tamber was 0.25 m . The chamber height varied from 1.0 to 2.0 meters2

ilepending on the height of the plants being measured. Six mil polyethylene

wac used to cover the chambers. Two ports were constructed in the top

of each chamber to accept 10 cm ducting for air delivery. Since these

Ports were at the top to prevent tidal inundation, the input opening uns

directed downward to facilitate adequate mixing. A mud seal at the bottom

and a positive pressure within the chambers eliminated the problem of

leaks.

Since a constant flow of air was maintained through the chambers,

they constituted an open system. Large, constant delivery centrifugal

blowers drew ambient air from an elevation of at least 3 meters and forced

'(O) the air to the chambers through 10 cm flexible plastic ducting and PVC
,

pipe. From the chamber, air was vented to the outside through a short

section of the PVC pipe. Flow rate and chamber turnover time were

conducted from measurements of air speed in a straight section of PVC

pipe with a hot wire anemometer.

i

/~N

l
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The appropriate level of air delivery rate for approximating |
t

hy natural conditions is a balance between factors for which flow should !
:

be increased, including lowering the temperature in'the chambers and

maximizing production; and factors for which flow should be reduced -

including obtaining large enough CO changes for instrument sensitivity.
2

To find the proper flow rate to optimize productivity, experiments were

conducted.at peak sun hours when solar intensity changes least rapidly. '

Flow was varied from high-low-high by venting excess air through a
,

variable opening in the ducting while monitoring rates of CO2 uptake.

Figure 111-36 shows the resultant hyperbolic curve of photosynthesis versus

turnovers for a particular chamber. Delivery rates were chosen at a point
,

where the asymptote was closely approached.

Sample Air Flows
;

- A timer box was constructed to facilitate sampling of the four
-

a

chambers. A timer drum with single pole-double throw switches controlled :

;

electric solenoid valves which selected air streams to be sent to the |

!
analyzer according to a predetermined sequence. The four chambers were

;

sampled once each hour. A large vacuum pump kept the eight sections of i

30 meter length (7.9 mm ID, 11.1 mm OD) tygon tubing from the_ chambers
;

-Ito the timer box continually flushed with fresh samples.- Two small
;,

. vacuum pumps were used to draw samples from the air stream.

Changes in the sample air during the travel Period to the-analyzer were
:
!

minimized by the short residence time, low vacuum (25-50 mm Hg) and.
!

|
precautions against leaks in the system. !

Additional Measurements

Other data collected included air and water temperature and solar
.

~

'!s
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radiation. Temperature probes were inserted in the input and outlet

(Jn) streams of one chamber to monitor temperature elevation across the

chamber. A thermistor probe recorder maintained continuous traces of

temperature measurements. Water temperature was checked at high tide

with a probe placed low in the marsh. Solar radiation was determined

with a Lintronic temperature compensated dome solarimeter.

Infra-red Gas Analyzer and Calibration

By design, the IRGA (Beckman model 215-B) allows the user versatility

in application, sensitivity, and a range of gas concentrations to be

analyzed. However, several calibration procedures are required because

of this flexibility. Bottled standard gases of known concentrations of

CO2 in a balance of dry nitrogen were used. Because the detector within

the IRGA compares differences in energy absorption between gases in two

es identical cells, one may compare a standard gas to an unknown or compare

b
two unknowns directly. Instrument censitivity is inversely proportional

to range of gas concentrations capaha of being detected. Gross

sensitivity is selected by choosing ange 1 for widest range and Range 3

for most sensitivity. A gain control is used for finer adjustments. To

clarify nomenclature, the following terms are defined: a reference gas

is a standard gas used to compare with an unknown; ambient refers to

the input side of a chamber; and exhaust refers to output from a chamber.

The sample cell and reference cell refer to the two gas tubes inside the

IRGA.

Two IRGA methods are acceptable for metabolism studies, each requiring

different sampling sequences and timer boxes. Due to equipment availa-

bility, both methods were used in this study. One approach is the abso-

f)
( _) lute method where a reference gas is compared to ambient and exhaust

1I1-123



.

.

|
d

air separately. The fif teen minute timer sequence for this method was: |

,.-

(.) 1) seven minutes on ambient-reference and 2) eight minutes os exhaust-

reference. In the differential method, ambient and exhaust were compared

directly; the timer sequence being: 1) three minutes on ambient-

reference (range 1), 2) five minutes on ambient-ambient (range 3), and

3) seven minutes on exhaust-ambient (range 3).

Calibration

The absolute method, used for the spring, 1977 sampling required

only one calibration curve. A reference gas was maintained at a low flow

rate (15 ml/ min) through one cell during both calibration and data

collection. Standard gases were introduced sequentially through the

other cell so that the IRGA could be adjusted to give suitable response

for the CO2 concentrations expected in the ambient air. A calibration

curve of millivolts versus [CO ] in the sanple cell is shown in Fig.111-372,

where an exponential model has been fit to the data. Daily checks of
,

the calibration vere made by introducing standard gases in the sample

cell and adjusting the output when necessary.

The differential IRGA technique was finally adopted in t.his study

lecause a greater sensitivity could be achieved if ambient and exhaust

air were compared simultaneously in the IRGA. The millivolt output for j

this arrangement represented a change in [CO ] across the chamber2

instead of the absolute concentration of each sample. Because of the

non-linearity of the instrument response, it was expected that the

sensitivity, or enattge in ppm / change in millivolts would change according

to the value of ambier.t [CO ] as well as providing the level of ambient2

CO . To automatically select for a narrow or wide range of response, !2,._3

the range (sensitivity) on the IRGA was wired to the timer box, thus
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synchronizing the established ~ switching program. Range 1, the least

sensitive and widest range, was used only for-ambient-reference compari- ;

i

sons, while the more sensitive range 3 was used for the ambient-ambient 5

i

and ambient-exhaust readings. Machine drift was compensated for'by ;

l
routing the ambient air to both cells of the.IRGA during each fifteen

'

i
minute period and using the change in millivolts- between ambient-ambient j
and ambient-exhaust to calculate the change in ppm of CO '

2 <

;i
Differential range 1 calibration duplicated the absolute method.

'

Range 3 calibration, however, may be done in different ways. One method ;

is to set up a closed system of circulating standard gas , ,

in the sample side of the IRGA while the same standard gas passes through

the other cell. The overall concentration of CO2 in the sample is changed
!

by a known amount by injecting CO2 with a syringe. By noting the output
;

response in change in millivolts, a sensitivity for that [CO ] is obtained. [2

By repeating with several standard gases, an overall sensitivity response .|

curve is obtained.

i

A second method for Range 3 sensitivity determinatlon was actually

used. For a given reference gas, the concentration introduced to the.
;

sample cell versus millivolt output was approximately-linear, as shown in

Fi$; . ' EI'I-37. The value of the slope in (change.in mil 11 volts)/(change in ppm)' |
~

i
provided the machine sensitivity for the reference gas.- A series of j

I
'

different reference gases was run giving similar linear results; a graph

of sensitivity versus reference gas concentration ~was constructed.
'

,

:

[CO 3 experienced in the field, one sensitivity- iFor the range of ambient 2

Inumber could be used throughout the range. Although absolute-[CO ) was2

. not needed for calculation of community metabolism, it was measured on

Range 1 as a check on rapidly fluctuating or extreme conditions which
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would make Range 3 data suspect. As with the absolute method, the

(,,) differential method required daily instrument calibration.

During the course of the study, several infrared analyzers were
,

used as dictated by instrument availability and condition of repair. One

of the instruments was factory adjusted to respond linearly over all CO '

2

concentrations and sensitivities. In such a case, calibration was >

simplified since the sensitivity is constant at all ambient air concentra-

tions and sensitivities.

Calculation of Photosynthesis and Respiration

The actual carbon fixation or release was calculated from the CO
2

,

and temperature data. The equation used, which corrects for stochiometry

and the gas laws (af ter Brown and Rosenberg,1968) was as follows:

g C/hr = F ic C x A[CO ]2

T
{
k where:

F = flow rate (m /hr)
'

A[CO ] = change in CO e neentration across the chamber (pphi)
2 2

T = air temperature ( K) ;

C = a constant defined as:

-1
C = 12gC mole x 10 1 m- x 273 K

,

-1 6
22.41 mole x 10 ppm

= 0.14625 gCm K ppm"
~

It was assumed that atmospheric pressure remained constant. The rate
,

of carbon fixation or release was plotted for each of the several |

chambers being measured, along with physical data for the corresponding

time period. Usually the graphs for a twenty-four hour period include '

.y) parts of two calendar days because normally chambers were set up during(m
,
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the daylight hours. Areas above the compensation (zero) line are desig- i

U nated net photosynthesis and those below the line as nighttime respiration.

Although day length was known and could be corrected for for comparative

purposes, diurnals were not adjusted. Physical data collected includes

-2
net solar insolation, which was plotted in kcals m hr-1; air temperature,

and tide levels which were plotted in meters above or below mean low water.

Gross production, estimated as the sum of net daytime photosynthesis

and night respiration, was used as an index of the total amount of solar

'

energy flow through the marsh system as a result of carbon fixation. An

efficiency index, which is a ratio between gross production and solar

insolation, uses a conversion of grams carbon to kilocalories, and is

defined below.

Efficiency of gross production, %

G -2
; = gross production (g C m day) x (8 kcal g C~1) x 100/

solar insolation (kcal m- day" )

,

i

,f%

U i

.
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Results
_s

Results consist of graphs of standing crop of live and dead biomass,'

graphs of stem density, graphs of stem height, records of photosynthesis

and respiration from gas metabolism measurements made quarterly, and

data on indicies of animal activity.

Biomass: Annual records of biomass of Spartina are given in Figs.

III-38, 111-39, and 111-40, and for Juncus in Figs. III-41, III-42,

end III-43. The above ground biomass of Spartina varied from a minimum

in spring to a maximum in the end of the growing season in October. The

dead biomass, however, was at a minimum in the fall, and increased to a

maximum at the start of the new growing season. The sus of the two was

fairly constant all year.

The above ground live biomass of Juncus was similar with a minimumes

V in February and maximum in the fall. However, dead biomass reached a
,

maximum in the summer and fall. The sum of live and dead biomass varied

considerably seasonally fusm a minimum at the beginning of the growing

season to a peak later in the year.

Plant density: Plant density results are presented for Spartina in

Fig. III-44 and for Juncus in Fig.111-45. In the Spartina marshes,

the density in the. control area was seasonally fairly uniform, while.

in the thermally affected areas the plant density decreased from ,

May to October. Juncus shoot density, that is, the number of

Juncus shoots instead of the number of actual plants, displayed rather

erratic seasonal patterns, but was approximately 700 live shoots m .

f-~s Density of dead stalks of Spartina and Juncus is presented in Table 111-30.
( ! .

U Density of flowering stems of Spartina and Juncus is presented in Table III-31.
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Table 111-30. Annual record of density of above ground dead stalks - i -

of Spartina and Juncus. (*) indicates significant difference between the
,

means by t-test at 95% confidence interval.;

.. - - - - - .

Thermally affeeted Control area

Mean S.E. N Mean S.E. N;

Spartina area

May, 1977 165.8 9.5 9* 101.3 12.3 9*

July, 1977 74.7 11.9 9* 27.1 6.0 9*

Oct, 1977 9.6 2.0 5 14.0 7.6 6
,

Juncus area

May, 1977 221.6 69.3 5 273.6 47.5- 5

July, 1977 772.7 181.2 6* 362.7 61.6 9*

'Oct, 1977- 172.8 15.9 5* 118.4 11.8 5*

.

e

.
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!
- Table III-31. Annual record of density of flowering live stems of 1

'I
Spartina and Juncus. No significant difference was found between !

:

any of the corresponding means. |
!
|

Thermally affected Control area j

l
Mean S.E. N Mean S.E. N !

i
f

Spartina area j

May, 1977 0 0 11 0 0 9 !
-!

July,1977 0 0 9 0 0 11 |
t

oct, 3977 7.1 2.1 9 11.1- 2.9 .9 .;

:

!
,

-

- Juncus area

May, 1977 2.4 2.4 5 16.0 6.7 5

July,1977 0 0 6 0 0- 9

. Oct, 1977 0 0 5- 2.4 1.6 5

i

ja
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Plant height: Annual records of stalk height of Spartina, is shown in

Fig. III-46 and of Juncus in Fig. III-47. Generally, plants were

shortest in May and tallest-in the fall. For both Spartina and Juncus
t

marshes, the thermally affected plants were significantly shorter than
i

the control plants at the 957. confidence level.

Specific veight: Annual data of mean weight per stalk of Spartina are

~

given in Fig.111-48, and mean weight per shoot of Juncus are given in

Fig. III-49. For the Spartina plants, the specific weight varies widely

over the growing season, with most rapid increase in the early summer.

Juncus specific veight was least in the early part of the growing season

and reached a maximum in the fall.

Community metabolism measurements: Values of net daytime photosynthesis

nighttime respiration, and estimated gross production as measured by the,

( '

\ gas analysis technique are given for Spartina and Juncus of thermally

affected and control areas. Tables III-32, 111-33, and III-34 are of

spring, summer and fall of 1977, respectively. Annual records of net

daytime photosynthesis as measured by the above-mentioned methods are

plotted in Fig. III-50 for Spartina and Fig. III-51 for Juncus. Of the

seasons reported, net daytime photosynthesis is greatest in the summer

and least in the fall. Figs. III-52 and III-53 are night respiration

af Spartina and Juncus, respectively. Night respiration of the Spartina

marshes indicated no differences between the summer and fall, yet.in the

spring the rates were more variable and higher. Nighttime respiration

of Juncus was greatest in the spring and least in the fall.

* I

[]YN.u
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Table 111-32.. Results of gas metabolism measurements.of marshes.at Crystal _ River.in spring, 1977._

Component Treatment Date Solar Mean Net daytime Nighttime Gross Live
1977 insolation air photosynthesis respiration. production biomass

-1
kcal m day tgmp. g C m" day gCm day" gCm day g m'

~ ~ ~ ~~

Spartina Thermally May 1 .4463 21.9 2.58 2.26 4.84 480
affected May 1 4463 21.9 3.74 4.13 7.87 652

May 2 4180 22.4 . 2.24 1.19 3.43 480
May 2 4180 22.4 2.89 4.04

_

5.7711.0
6.93 652

2.861 32 2.911 72

Control May 8 3535 23.8 2.14 1.35 3.49 280
May 8 3535 23.8 1.75 1.38 3.13 380
May 9 3251 25.8 1.93 1.52 3.45 280

p 1.941 11 1.421 05 3.361 20
Y
Z
u Juncus Thermally May 1 4463 21.9 4.26 6.45 10.71 1216

affected May 1 4463 21.9 1.35 5.55 6.90 1244
May 2 4180 22.4 3.65 _1_ . 8 0 5.45 1216

3.091 89 4.6011.4 7.6911.5

Control May 9 3251 25.8 4.64 2.95 7.59 1656
May 9 3251 25.8 5.12 2.82 7.94 1024

4.881. 24 2.881 07 7.771 25

1. Date of beginning of 24 hour sampling period.

2 Figures below the line are the mean and standard error of the mean for the cell.

3. Estimated by adding nighttime respiration to net daytime photosynthesis. .

4. Above-ground live biomass of species indicated dried to a constant weight at 70 C.

.

._m ._._________.__._.m____ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ . . . - - _. - - - . -. ~ - -- _
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Table'111-33. Results of gas metabolism measurements of marshes at Crystal River in summer, 1977, i

3
Component Treatment Date Solar Mean Net daytime Nighttime Gross Live

1977 insolation air . photosynthesis respiration production biomass
~1 ~2' -2kcal m day'1 'omP. gCm day gCm day g C'm' day gm

~ ~ ~

Spartina Thermally July 24 3896 29.0 3.71 l'.31 5.02 680
affected July 24 3896 29.0 4.36 1.36 5.72 360

July 25 4463 30.2 3.56 1.14 4.70 608
July 25 4463 30.2 2.32 1.15 3.47 556

2.63 1.06 3.69 556July 26 5624 31.4
_ 3.321 37 1.201 06 4.521 42

,

Control July 16 2038 26.1 1.03 1.49 2.52 380
July 16 2038 26.1 _3.97 1.88 5.85 724

2.50tl.5 1.691 20 4.1911.7

Y

h Juncus Thermally July 24 3896 29.0 4.21 1.83 6.04 1400
affected July 24 3896 29.0 5.07 1.94 7.01 1420

July 25 4463 30.2 5.04 2.02 7.06 952
July 25 4463 30.2 4.52 3.08 7.60 1452
July 26 5624 31.4 4.05 1.59 .5.64 952
July 26 5624 31.4 5.39 2.07 7.46 1452

4.711 22 2.091 21 6.801 32

Control July 20 4773 30.4 4.64 1.70 6.34 1456
July 20 4773 30.4 6.28 1.78 8.06 760
July 21 4412 31.9 4.26 1.68 5.94 1056
July 21 4412 31.9 5.04

__

1.74 6.78 1136

5.061 44 1.731 02 6.781 46

1. Date of beginning of 24 hour sampling period.

2. Figures below the line are the mean and standard error of the mean for the cell.

3. Estimated by adding nighttime respiration to net daytime- photosynthesis.

4. Above-ground live biomass of species indicated dried to a constant weight at 70 C.

._. . _ . . . _ . __ _ _ . . _ _ . . _ , _ _ _ _ . . _ _ _ _ . _ _ . _ . _ _ _ _ . _
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Table -' I11-34'. Results of gas metabolism measurements of marshes at Crystal River in fall, 1977. !

4
~ Component Treatment pate ' Solar Mean Net daytime Nighttime Gross Live

1977 insolation air photosynthesis respiration production biomass

kcal m day 'o**C g C mbay g C mbay g -C mbay~

gm

Spartina Thermally Oct 6 4154 22.9 0.81 0.94 1.75 516
affected Oct 6 4154 22.9 2.04 0.91 2.95 536

Oct 7 4128 24.9 0.12 1.52 1.64 380
Oct.7 4128 24.9 0.28 1.19 1.47 392

0.81+ .43 1.141 14 1.951 34

Control Oct 10 4825 26.6 1.87 2.44 4.31 508
Oct.10 4825 26.6 2.10 1.36 3.46 620
Oct 11 2296 24.2 1.00 0.88 1.88 508
Oct 11 2296 24.2 1.07 0.82 1.89 620

1.51_+ .28 1.38_+ .38 2.89_+ .60g
'i' -

5 Juncus Thermally Oct 6 4154 22.9 1.87 1.06 2.93 1176
"

affected Oct 6 4154 22.9 2.40 0.99 3.39 2400
Oct 7 4128 24.9 0.65 2.36 3.01 1468-
Oct 7 4128 24.9 1.15 1.50 2.65 1676

1.521 39 1.481 32 3.001 15
'

Control Oct 10 -4825 26.6 3.29 2.08 5.37 2200
Oct 10 4825 26.6 3.34 1.14 4.48 1508
Oct 11 2296 24.2 2.04 1.89 3.93 2200
Oct 11 2296 24.2 2.05 0.77 2.82 1508

2.681 37 1.471 31 4.151 53

1. Date of beginning of 24 hour sampling period.

2. Figures below the line are the mean and standard error of the mean for the cell.

3. Estimated by adding nighttime respiration to net; daytime photosynthesis.

4 Above-ground live biomass of species. indicated fried to a constant weight at 70 C.

.
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Figs.._ III-54' and III-55 show for. Spartin'a and Juncus marshes, respectively, j
r

-. . annual values of an efficiency index based on the ratio of gross production |
~

!,.'
' estimated from gas analysis measurements by adding net daytime photosynthe- i

i
sis and night respiration, to daily solar _ insolation. For. thermally i

3

affected and con' trol Spartina marshes, least. efficiency was in the fall
- i

.and greatest efficiency was in the spring and summer. For both Juncus j

sites, maximum efficiency was in the spring and minimum in the fall. !

|
.
.

Animal activity indices: q

Littorina density: Mean seasonal values of_ numbers of periwinkle 'j
:

snails m are given for thermally affected and control Spartina and .|
-2

i
Juncus marshes in Table III-35. Mav4== numbers of snails were found in !

- - - !
the fall in the thermally affected marshes. Numbers in the con' trol marshes '!

;

were very low. .|

Crab hole _ density: Table III-36 presents crab hole density for

Spartina and Juncus marshes in areas receiving thermally elevated effluent j

i

and control areas. ,In the Spartina marshes, maximum densities occurred {
i

in the July and October samples. The crab hole density was more uniform
!

-in the Juncus areas with maximum density in the same period: _ summer and ~!

fall. .

!
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~Tablo III-35. Annuni record of Littorina (sns11) dan::ity in Spartina

and-Juncus marshes,. (*) indicates significant differences between the means
,

I"T .
:

'( ) by t-test at the 95% confidence level. j

!
-

i

i
:<

,

Th,,,ermally Af f ected Control i.

X SE N X SE N ,

- -
... ,

--

_ _ _ . , ,

i

SPARTINA ifARSH i

_0 9May 1977 1.8 10.8 11 0 +
1

July 1977 8.0 14.2 9* 0 +0 11 *
~

Oct 1977 10.7 13.8 9* 0.4 10.4 9*
,

-. , . j

JUNCUS MARSH
,

May 1977 3.2 10.80- 5 0.8 10.8 5

; July 1977 2.0 10.89 6* 0 10 9_ *

_0 5_3.0 5 0 +Oct 1977 5.6 +
,

i

4

* ., ,

t.

O

,
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Table III-36. : Annual record of crab hole density of Spartina and Juncus ;

.) marshes (*) indicates significant dirferences between the means by t-test

at the 95% confidence level.
!

i
t

f- Thenna11y Affected _, Contr'ol' ~~

X SE N X SE N
i

.. . .

.

SPARTINA_

May 1977 97.5 116 11 84.4 19.3 9 -

July 1977 no datal | 237 118 9
'

;

'

Oct 1977 134 +32 7 207 +22 9
1
'

.

<
.,

, .
;

JUNCUS |

.

May 1977 153 142 5 102 124 5 jr

l
,

July 1977 no data 189 120 4*

Oct 1977 197 121 3 134 121 5
,

1 Harvest of vegetation during high tides made counting of crab holes
impossible,i

i

,

i
,

|

-!
:

I
!

l
-
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Discussion

/''T Seasonal Patterns
'I. s-) - :

Prior to the beginning of the growing season, above ground live-

,

standing crop was at a mininum, as seen in Figs. III-38 and III-41. As ;
+

}
solar insolation and air temperature became more favorable, the amount ;

of ' carbon fixed during the daytime periods as measured by gas analysis

increased, as does the gross community productions. (Tables III-32, j

III-33). Although not all of what is fixed by-the plants accumulates as.

biomass, due to herbivory, death, export and other losses, Figs. III-46

and III-47 indicate that plant stature did increase over the growing i

~!

season. Also, specific weight increased from vinter to fall as shown in |

Figs. III-48 and III-49. '

Comparisons of Thermally Affected and Control Marshes

g- g. As seen in Figs. III-38 and III-41, weight' differences between
V

thermally aficeted and control areas were generally not significant. !

However, plant densities were generally greatest in the thermally affected

areas (Figs. III-44 and III-45), while stalk heights were greatest in the-
~

L

control marsh (Fig. III-46 and 111-47) . Thus, the weight of an individual

'

plant or plant shoot was generally greater in the control areas, as
t

shown rather dramatidally in Fig. III-48 for Spartina and less. so in

Fig. III-49 for Juncus. Figures III-54 and III-55 seem to indicate that

the communities in the control areas were more capable of capturing solar- I

energy for use by marsh and estuarine fauna. Over the year the gross

production of the thermal marsh was similar for Spartina and Juncus.

All values of production are moderately high compared to 'those of many ,

aquatic ecosystems. ~ i

!
(

!
e

i
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~I. Comparicons of Spartina and Juncus Marshes
gs
(_-) ' . Striking differences were displayed between Spartina and Juncus marshes 3 ,

t

possibly due to greater tidal access to Spartina carrying off dead organic

matter. Figures III-38 and III-41 indicate that live biomass of Juncus ;

i

was approximately twice that of Spartina and accumulated through the year. ,

Figures III-39 and III-42 show that the amount of Spartina dead material was

less than Juncus and decreased through the year. ;

As Figs. III-52 and III-53 show, respiration measured by gas metabolism

was 8.milar for Spartina and Juncus on an area basis, however, since the '

4

live biomass of Juncus was so much greater, the specific respiration j

|

(per unit weight) was actually higher in the Spartina. Gross photosynthesis
F

and efficiency were higher in Juncus. Net production was also greater
,

for Juncus, much of which accumulated as biomass (Fig. III-41). Spartina' i

l''h had less net production and since its biomass was fairly constant (Fig. III-42)
-X) .

much organic matenr may have been exported. As Young (1975).showed in

the previous marsh studies of the same area, decomposition of Spartina :

'

occurs at a much greater rate than does Juncus material. Although the
,

dead biomass of Juncus accumulated over the growing season measured, it

should be noted that Juncus marshes can export large quantities of organic.

matter in pulses to the estuary during extreme storm tides.
.

Comparisons with Previous Study i

Patterns of measurements of marsh structure and function in the
|

.present study are comparable in magnitude to the 1973 studies in similar ;

i

sites (Young, 1974; Young, 1975). At the present time the only

' '
season for which values from gas metabolism measurements are directly- )

comparable is July. -Young (1975) found night respiration. in thermal,.

k -2 -1 -

Spartina marshes to be 2.1 grams carbon m day and gross production i

III-158
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'

4

to be 7.9 grams carbon m" day'I , both of which were less in the present

(' J study. For the Juncus areas, Young (1975) reports night respiration ,

to be 2.3 grams carbon m' and gross metabolism of 6.14 grams carbon ;

m" day, which are comparable to values of the present study.
,

,

h
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i

~
,
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COMPARISON OF SELECTED PREOPERATIONAL AND OPERATIONAL MEASUREMENTS
(TWO STANDARD DEVIATION REQUIREMENT)

Introduction

V This chapter contains a comparison between selected preoperational

- (1973) and operational (1977) measurements from the discharge area adjacent

to the canal as required by the Environmental Technical Specifications

(ETS). Specifically, this requirement involves the reporting of "any

parameter measured that changes beyond 2 7 (two standard deviations) of

the value measured in the preoperational monitoring program." For the two

discharge bays, net productivity, respiration, and gross productivity were

the parameters specified for comparison. For the marsh studies, net pro-

ductivity, respiration, gross productivity, and live and dead biomass for

both Juncus and Spartina components were utilized. Seasonal means with +

two standard deviations were calculated for each specified parameter in the

preoperational program. Operational means falling outside these ranges are

n
b) noted; two 0 bars around operational means are provided for information

purposes.

Resn'lts

Comparisons of preoperational (1973) and operational (1977) net

productivity, night respiration, and gross productivity seasonal means for

the inner discharge bay are shown in Figs. 56-58. Fall values for net

productivity, night respiration, and gross productivity fell outside the

preoperational 2 7 (two standard deviation) limit. All other values were

within the prescribed ranges.

Figures 59-61 show comparisons between preoperational and operational

seasonal averages for net productivity, night respiration, and gross produc-

tivity for the outer discharge bay. None of the operational values fell
,

.n outside the preoperational 2 c limit.

L]
Estimates of preoperational and operational Spartina marsh

metabolism are presanted for net photosynthesis, night respiration, and
111-160
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gross productivity in Figs. 62-66. The operational summer (July) value
.

for night respiration fell outside the.preoperational 2 c limit. All

other measurements were within the prescribed range.

Seasonal comparisons of net photosynthesis, night respiration, and

gross productivity estimates for the Juncus marshes are shown in Figs.

65-67. All of these operational values were within the 2 r limit.

Above ground biomass (live and dead) comparisons for 1973 and 1977

Spartina marshes are given in Fig. 68. Summer and fall operational dead

biomass estimates fell outside (lower than) the preoperational 2 r 11mit.

Live biomass estimates were within the 2 a range.

Figure 69 shows a comparison of the above ground biomass (live and

dead) for the Juncus_ marshes. Live biomass estimates for the spring,

summer, and fall were outside (higher than) the 2 r limit. Dead biomass

estimates were all within the preoperational inverval.

Summary

1) Fall operational (1977) estimates for net prodt.ctivity, night
respiration, and gross productivity in the inner discharge bay fell outside
the preoperational (1973) 2 0~ (two standard deviation) limit.

2) In the outer discharge bay, all mean seasonal estimates for
net productivity, night respiration, and gross productivity were within
the prescribed 2 0 limit.

3) The summer night respiration average for the Spartina marshes ,

:
'

fell outside the preoperational 2 0 limit.

4) Metabolism estimates for the Juncus marshes fell within the
Iprescribed 2 0 limit.

5) The Spartina dead biomass portion of the above ground biomass
estimates fell outside the 2 O~ limit during the summer and fall operational

phases, although this portion was lower than recorded previously (1973).
6) The live biomass portion of the Juncus marshes fell beyond the ,

2 C limit during the spring, summer, and fall, although these values were
higher than recorded during the preoperational phase.
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PERSPECTIVES

H.T. Odum

As part of preoperational studies from 1972 to 1976, energy analyses

were made of the alternatives of estuarine cooling at that time and

cooling towers. Those studies were comprehensively summarized in a

dissertation by Kemp (1977). The summary diagram in Fig.-70 compared

energy flows of the alternatives,both measured in coal equivalents,of.

Productive energy diverted from other useful work. - (It is incorrect

to compare dilute energies with concentrated types of energy without

multiplying by the factor.that measures the inherent energy used for

converting one energy type into the other).

Figure 70 showed that much more high quality energy was used in '

cooling tower operations than was diverted from the estuarine production-
~

- by the cooling flow at that time. Since 1/3 of the energy basis'of the.
- ~ economy of the U.S. (expressed as coal equivalents) is from utilization

of the environmental-based renewable resources entering the economy as

free externalities, 1/3 of the energy embodied in the nonies for cooling

towers constitutes'a load on the environmental resources elsewher'e'in

the United States. 'As the ' diagram in Fig. 70 shows, this projected flow
9(110 x 10 Cal /yr) was greater than'the sum of stresses by'the cooling

at that time (3.4 x 10' Cal /yr), which has 7 years of adaptation time.

Whereas further energy analysis of all changes is not part of this

contract, and we have not seen,the'results of measurements by others,

some perspective can be given on the change in metabolism observed'so far.

with the new plant outflow.- The inner discharge bay so.far is showing

20% of the productivity before the new plant went on line. If this change

. ,

'
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.

were added to the diagram in Fig. 70 the stress effect would become about
_,

' ~.
' I 6 x 10 cal /yr as compared to 3.4 x 10 Cal /yr, and thus still'in a range9

much lower than the stress of the cooling tover alternative.

Adaptation of Ecosystems

When changes occur in the environmental conditions (the biotope or

energy signature) of an ecological system its continual self organizing

processes reorganize the community by substituting other species,

varieties, and combinations as dominants. The immediate effect of a

change is a depression of the effective productivity and metabolism as

older components are stressed. Metabolism rises again as other compo-

nents become more numerous that are adapted to utilize resources inherent

in the new situation. This is particularly rapid in estuaries which

have strong tidal exchanges that are continually supplying a wide array-
,

\ of genetic varieties available for the reorganization process. The

reason that productivity and metabolism are pertinent measures of overall

adaptation is that maximizing their total available energy is the design

function for ecosystems. Maximum power (metabelism) requires development

of the maximum possible structure of diversity, recycling, symb'iosis

mechanisms, larger members of the food chain, etc. Thus, total metabolism

's a measure of thA total order being maintained. Wh'at is most pertinenti
~

to decisions about alternative estuarine management is the level of

adaptation'that results after the transition.

The resilience of the adaptation should become apparent in coming

months.

/""N,
N ,| '
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Prediction of Models
= y m,

In studies done in the earlier period (1972-75) models were made

of inner bay, outer bay, marshes, and oyster reefs which included the

effect of temperature as a push and pull on total metabolism. These

models were made on the principle that productivity and metabolism was-

that which was maximally possible for the conditions after necessary

substitutions of flora, fauna, and microbes had occurred to provide the

maximum performance possible. Therefore, it is probably too carly to

compare the levels of metabolism predicted by the models since they

refer to the period after adaptation.

O
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Discussion. Unanswered Questions
I

|

In this progress report at this stage, some questions can be raise'd'

that should be answered in the work yet'to be done.either by us~or |

others. To understand' similarities and differences between previous

studies and measurements of metabolism and those made in studies during'
~ i

operation of Unit #3, comparison of production needs ' to be related to -

principal factors affecting photosynthesis: the light conditions, the

effect of turbidities on light, the nutrient conditions, and.the complex

effect of temperature. The model in Fig. III-71 may be helpful in .

clarifying ideas discussed as follows: :

Comparisons of efficiency of production as a function of incident

light energy were made to eliminate the effect of dif.ferent conditions ;

of light input, cloudiness, etc.*(see individual chapters).- To determine.

possible changes in productivity due to inorganic turbidities requires
i

comparison of turbidity data now with that before. Because the depths j

are of the order of 1 meter in the inner discharge bay, Secchi disk. 4

readings were not measureable on many days because one could see the bottom (Fig.. 4

111-72).,Unfortunately, relatively few photometer extinction coefficient *

measurements were made in the preoperational period. Only; a few light penetration - ;
.

. . .

'

mea.surements with-photometer were made in this study.because of' instrument.

malfunctions. Thus, there is still an open question as to whether waters '

are more turbid on the' average in 1977 compared to the preoperational - ' !

study period.
i

There.is an open-question as to how low the inner bay metabolism |
|
'

.

O' .

- . . '
.
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actually is. The biological surveys show some bottom plants so that the

metabolism is probably not zero. However, when the bottle (plankton '|
1

estimate) metabolisms are ' subtracted from the diurnal curve me tabolism
,

. . ;

the difference is so small as to be indistinguishable from rero, ;
.;

considering statistical error in methods and sampling. !

l
There may be other alternatives to consider. If photorespiration

or similar processes should be involved, then the action of the sun on }
l

production and respiration tends to cancel the effect on the diurnal $

i
oxygen changes observed (see model in Fig. III-71). The very small- j

;

evidence of night respiration in the diurnal curves (Ben'kert section) . !;
a

may be interpreted as the consequence of very small living cells with

short time constants that utilize their small diurnal storages in a j
-

:
.I

couple of hours so that day respiration vas possibly high, mostly j

'( ) counterbalancing production, but after dark may have dropped to nearly '

_

zero quickly. Whatever the interpretation, the metabolism in the inner j
!

bay. was quite different _ from the earlier period, was -acre atypical, and . |
q

different from that of the controls.. By this interpretation,' with less. |

'
- lnet' production at any time, there was presumably less metabolism :i

!

available to upper food chains. Whether this pattern would changeLvith- j
1

*time remains to be seen.

LTo' interpret these changes, we will incorporate the existing data ,

il
in future reports.
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from the source (light, nutrients, and organic matter). Without added ;
~~ ,

f 's .

tesources, temperature say pull down biological structo.re below that able\- ,

to use available energy. With increased water flows some increase in :

resources may have been supplied, but apparently in the inner bay the
;

net effect was a loss of gross production (uncertain because of photo- {
,

respiration possibility). !
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APPENDIX III-2
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'ENVIRONMENTAL PARAMETERS, RESPIRATION, AND PRODUCTIVITI FOR THE
OUTER CONTROL AND DISCHARGE BAYS, 1977
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Appendix 111-2-1. Environmental parameters, respiration and productivities for the outer control and i

discharge bays, 1977. Bay B = discharge bay; Bay D = control bay.

Bay Date P P R Plankton Plankton Plankton Insola- Temp. Salinity Lightg N
! P P R tion extinctiong N

B April 7 4.14 2.45 1.69 2.89 2.27 0.63 25.7 24.3 1.62
(

D 2.36 0.96 1.40 1.51 1.34 0.17 20.4 23.7 1.4
B June 30 10.39 6.44 3.95 2.39 0.21 2.2 35.6 28.5 1.1
D 9.32 5.58 3.74 5.04 3.58 1.46 31.3 25.4 1.4
B July 1 1.20 -0.30 1.50 0.75 4200 35.3 28.7 1.5
D 7.26 3.73 3.53 4.07 2.75 1.32 4200 30.8 26.9 1.5
B July 11 8.57 4.88 3.69 1.53 -1.38 2.91 7400 36.1 29.0 1.1
D 8.01 3.93 4.08 4.72 2.40 2.32 7400 31.6 27.2 0.97
B July 13 5.20 1.83 3.43 1.78 0.29 1.49 5570 35.9 29.6 0.93
D 6.34 2.30 4.04 2.35 1.48 0.87 5570 30.7 27.1 1.1

[| B Aug. 9 0.75 -0.48 1.23 2.68 1.01 1.67 4780 34.5 29.7 1.5

7* D 1.87 -0.47 2.29 3.65 3.02 0.63 4780 29.7 28.2 1.1
g B Aug. 11 5.04 2.65 2,39 1,39 1.14 0.25 6030 34.0 30.9 1.2

6.33 -2.88 3.45 2.55 1.50 1.05 6030 29.2 28.4 1.1 |
* D -

"

B Aug. 22 9.02 4.16 4.86 5.82 5.11 0.71 3870 29.7 26.9 1.4
D 4.98 2.65 2.33 3.98 2.60 1.38 3870 27.9 24.9 1.5
B A:ug. 23 8.83 5.23 3.60 6.69 6.06 0.63 5230 29.7 25.9 1.1
D 8.16 4.13 4.03 3.53 2.88 0.65 5230 28.4 22.5 1.7
B Sept. 8 8.53 - 4.67 3.86 2.31 1.81 0.50 6579 34.6 29.7 1.3
D 6.23 3.83 2.40 2.91 2.00 0.91 6579 30.4 26.7 1.4 -

B Sept. 19 3.98 1.98 2.00 3.44 2.51 0.93 6462 33.9 31.5 1.4
D 4.06 1.95 2.11 2.32 2.02 0.'30 6462 29.5 30.9. 0.9

B S ep t '. 20 6.91 4.76 2.15 2.42 2.37 0.05 4896 34.9 31.3 1.3
D 5.66 2.79 2.87- 2.67 2.35 0.32 4896 29.9 30.0 0.8

B Oct. 1 6.19 3.12 3.07 5.55 4.62 0.93 5466 33.1 30.6 1.5

D 4.88 1.73 3.15 4.15 3.07 1.08 5466 28.5 28.3 0.9
B Oct. 2 5.81 2.64 3.17 3.83 3.20 0.63 5238 32.4 30.0 1.5
D 3.49 1.12 2.37 2.66 1.86 0.80 5238 28.6 28.5 1.1
B Oct. 17 5.11 2.19 2.92 1.80 1.43 0.37 6462 23.7 27.5 1.2
D 2.00 0.36 1.64 0.90 0.77 0.16 6462 18.8 28.0 1.0
B Oct. 18 3.44 1.71 1.73 2.12 1.77 0.35 6227 23.1 26.7 1.1

.
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Appendix III-2-2. (Continued)

Bay Date P P R Plankton Plankton Plankton Insola- Temp. Salinity Light
N

P P " "* '" "g N

D 3.58 1.91 1.67 1.02 0.62 0.40 6227 18.6 27.6 1.1

B Nov. 1 3.24 1.44 1.80 2.58 1.88 0.70 2961 26.3 29.7 1.4
D 2.61 0.85 1.76 0.92 0.67 0.25 2961 20.8 29.3 1.1

B Nov. 14 1.98 1.13 0.85 1.24 0.99 0.25 4441 18.6 29.4 1.2

D 2.09 0.51 1.58 0.65 4441 15.0 29.3 1.1

B Nov. 15 2.41 1.45 0.96 0.96 0.65 0.31 4347 21.6 29.6 1.4
D 2.13 1.06 1.07 0.60 0.31 0.29 4347 15.6 30.0 0.9

B Nov. 29 3.06 1.38 1,68 1.08 0.84 0.24 2619 23.1 29.5 1.1

D 1.39 0.96 0.43 0.86 0.74 0.12 2619 17.4 24.7 0.9

B Nov. 30 2.44 1.25 1.19 1.56 1.18 0.38 3416 24.8 25.5 1.1
D 2.70 0.53 2.17 0.51 0.29 0.22 3416 18.6 24.7 0.9

Z
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APPENDIX III-3

METABOLISM DATA COLLECTED IN AREAS C AND OB, 1977 '
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Appendix III-3-1. Metabolism data collected in Area C.

Date Area Total metabolism (gm 0,/m * day) Plankton metabolism (gm 0 /m day
2

(mo/ day) P R P P R P

1977 N. G N G

4/7** C 2.21 2.47 4.68 2.97 1.25 4.22

6/30* C 6.02 5.82 11.84 6.83 3.05 9.88
7/1* C 3.81 4.06 7.87 4.80 2.38 7.18
7/11** C 4.8 4.4 9.2 4.356 4.29 8.646
7/13** C 4.7 3.65 8.35 1.536 2.224 3.76
8/9* C .30 .69 .99 4.05 2.21 6.26
8/10* C 2.03 3.30 5.33 .86 1.62 2.48
8/22* C 4.77 3.63 8.40 8.75 1.11 9.85
8/23* C 5.84 6.02 11.86 2.47 1.81 4.28
9/8* C 1.40 2.92 4.32 1.97 1.49 3.46
9/19* C 3.43 1.89 5.32 4.201 1.13 5.34
9/20* C 1.67 .89 2.56 4.16 1.01 5.01
10/1** C 2.61 3.66' 6.27 4.09 1.35 5.44

g

p 10/2** C 1.47 3.07 4.54 2.78 .74 3.52

4 10/17* C 1.70 2.31 4.01 2.66 .22 2.88
g 10/18* C 2.00 1.85 3.85 1.59 .51 2.1'

11/1* C 1.48 1.16 2.64 1.81 .79 2.60
11/14* C 1.32 2.17 3.49 1.92 .20 2.12
11/15* C 2.11 2.30 4.41 1.07 .35 1.42
11/29* C 66 1.08 1.74 .43 .30 .73
11/30* C .73 1.86 2.59 .86 .25 1.11

* Dawn-dusk measurement
** Diurnal measurement

-__ __ _ . _.
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Appendix III-3-2.. . Metabolism data collected in Area OB.
,

'

pate Area Total metabolism (gm 0 /m .(' Plankton metabolism (gm 0 /m day)t

2 7
(mo/ day) y g y y a y

N G N G1977

6/30* 03 2.08 .91 2.99
7/1* OB 1.88 2.97 4.85
7/13** OB- 2.77 2.53 5.30
8/9* OB -2.21 2.36 .15
8/22* OB 2.36' 3.33 5.69 .14 .94 .80
8/23* OB 3.40 1.50 4.9 6.23 1.03 7.26
9/8* '

OB 4.54 3.13 7.67 1.14 1.24 2.38
OB 2.82 1.50 4.'32 4.17 1.02 5.19

9/19*
9/20* OB 3.68 1.58 5.26 2.84 .47 3.31
10/1**- OB 4.41 4.85 9.26 2.34 1.16 3.5
10/2**- OB 2.50 4.54 7.04 -3.51 .55 4.06

-10/17*' OB 3.14 1.88 5.02 2.12 .63 2.75
0 10/18*- OB 1.66 .80 2.46 1.93 .65 2.58
7 11/1* OB 2.54 3.65 6.19 2.00 .23 2.23
$ 11/14* OB 1.91 1.17 3.08 1.08 .97 2.05
1 11/15* OB 2.73 1.35 4.08 1.29 .31 1.60

11/29*- OB 1.37 1.09 2.46 .89 .07 .96
11/30* 5 .- 0B 1.57 2.25 3.82 1.16 .33 1.49

.

* : Dawn-dusk measurement
** ' Diurnal tqeasurement-

4
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| APPENDIX III-4

SUMMARY OF DIURNAL CANAL DATA
*

O PERCENT SATURATION OF WATER WITH 0,, AT POINT ,

OF DISCHARGE, INTAKE, AND OUTER BAY
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Appendix III-4-13. Mean percent saturation of water with dissolved oxygen at point of discharge, intake screens
and outer bay during dawn-dusk-dawn sampling. The mean percent is based upon three water samples.

. Date Station - Outer Bay Station - Discharge Canal Station - Intake Screens
1977 Time Mean % Time Mean % Time Mean %

saturation saturation saturation

April 6 0810 89.3 0700 91.5 0720 78.0
April 6 1835 105.5 1800 --- 1830 ---

April 7 0731 99.2 0700 98.0 0775 90.5
April 7 1826 111.2 1800 105.4 1815 97.2
April 8 0737 98.9 0710 102.8 0725 96.3
April 25 0824 87.9 0845 87.9 0810 91.0
April 25 1857 103.8 1820 103.8 1830 97.3
April 26 0757 91.0 0800 96.5 0745 88.2
April 26 1903 100.5 1900 101.2 1850 95.4
April 27 0800 88.6 0805 99.2 0748 91.6g

y May 16 0905 101.2 0810 102.8 0830 100.5
d, May 16 1955 119.9 1925 122.9 1900 112.5
S May 17 0820 106.3 0800 121.5 0730 105.1

_ May 17 1930 124.5 1910 124.9 1855 118.1
May 18 --- --- 0730 110.5 0755 106.5
'by 30 - 0830 92.0 -0745 103.9 0720 94.4
Sby 30 1935 111.7 1915 108.1 1900 96.0
May 31 0820 93.6 0735 108.0 0713 97.2
May 31 --- --- 1920 107.3 1905 98.5
June 1 0803 93.7 0726 120.3 0707 105.8

--- --- 0710 98.5 0730 86.5June 17
June 17 --- 1835 104.0 1805 89.0
June 18 0815 83.9 0745 107.9 0835 92.0
June 18 1940 112.8 1920 114.8 2000 106.1
June 19 0740 83.5 0720 107.2 0805 92.4
June 30 0725 93.5 0820 104.3 0625 101.5
June 30 1855 119.7 1745 116.2 1940 112.6
July 1 0730 92.6 0810 105.1 0645 97.0
July 1 1810 107.9 1855 102.8 1720 100.4

.
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Appendix'III-4-14.(cont.)

Date Station - Outer Bay Station - Discharge Canal Station - Intake _ Screens
1977 Time Mean % Time Mean % Time .Mean %

saturation saturation saturation

~~
July __2 0735 85.9 0655 94.0 0820 85.2
July 13 0647 110.7 0650 55.6--- ---

. July 13 --- --- 1815 117.7 1815 105.9
July 14 0620 107.0 0644 91.1
August 9 0752 83.4 0710 96.4 0837 85.6
August 9 1835 100.9 1750 96.5 1920 H96.9
August 10 0727 85.8 0647 90.9 0834 83.5
August 22 0745 90.2 0650 89.2 0850 85.2

'

August 2? 1720 114.8 1635 97.6 1820 109.0
August 23 0730 97.2 0635 91.6 0830 86.5
August 23 1755 130.4 1700 109.2 1900 117.6
August'24 0715 97.4 0625 98.2 0755 96.8
September 8 0735 97.7 0620 115.5 0835 95.7
September 8 1735 112.1 1645 127.6 1840 105.2

U September 9 0750 93.0 0710 105.3 0835 94.6
Y September 19 0800 93.8 0720 109.3 0850 90.9
E| September 19 1830 110.0 1750 117.1 1930 102.8
' September 20 0745 92.3 0650 105.5 0845 93.9

September 20 1805 110.4 1715 118.2 1905 103.2
September 21 0805 90.8 0710 107.3 0857 91.8
October 17 0810 91.6 0730 109.5 0850 88.8
October 17 1720 103.3 1640 109.9 1800 94.7
October 18 0755 93.1 0710 110.2 0845 91.3
October 18 1745 105.4 1700 111.0 1830 94.4
October 19. 0800 95.2 0710 109.1 0840 91.6
November 1 0550 94.1 0815 108.1 0710 91.2
November 1 1645 101.7 1745. 105.1 1630 92.0
November 2 0710 96.2 0755 105.9 0615 93.5
November 14- 0720 97.3 0635 115.9 0835 94.1
November 14 1645 105.7 1610 113.1 1725 96.8
November 15 0715 98.4 0630 115.0 0815 95.6
November 15 1710 108.8 1630 118.3 1750 101.8
November 16 0705 100.6 0630 113.2 0755 96.7
November 29 0735 95.5 0655 ~ 107.2 0835 90.5
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Appendix III-4-15 (cont.)

Date Station - Outer Bay Station - Discharge Canal Station - Intake Screens
1977 Time Mean % Time Mean % Time Mean %

saturation saturation saturation

November 29 1700 103.0 1630 110.1 1755 98.7 *

.

November 30 0705 93.2 0630 106.2 0805 93.9
November 30 1700 97.3 1620 113.9 1745 101.9
December 1 0700 91.8 0620 110.8 0750 96.1
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- FLORIDA SALT htARSHES ' S33

i )
Ill- N'/ \ <

i, 1{ structure and function of natural ecosystems, the r role on a re'put scale, andw' - .

i

STUDIES OF FLORIDA GULF COAST SALT .i 'hci' ''' P""'c ' " d ' d' P''''"" '" "'" ~i"d"d r'""' b * ''""' " * ''''""' '
M : resource allocation without such knowledge are tenuous.

-

MARSHES RECEIVING THERMAL Disr'HARGEa - Florida is currently experiencing intenswe growth and development with'mr r - -

v

ll its coastal zone, and a by product of urbaniaation is waste heat from
I industrial-plant proecsses and electricity genaating stations. One of the aspects

ef importance to planners in Florida is the interaction of thermal plumes
3

y entering coastal uit nurshes. Murray and Reeves (1972) pomt out that more
saline water is used for cooling purposes in Florida than in any other state. They] .

estimate that 9.3 x Itf gal of heated water per day are returned to Florida's

[(
.

As of this writing approxmutely 25 coastal power plants are mestnaries.

$ operation and roughly 20% are sited in or near iidal salt marshes (Flonda

h|
* ' " W'

Division of State Planning,1973). Eighteen percent, or 329,000 acres, ot' thep tment ut I nvnunnwntal I ogmccring Scientes. University of floriaa. CMncsvale,

{
Florida Gulf Coast estuarine zone described by McNulty, Lindall, and Sykes
(1972) is occupied by tidal salt marshes. A comparison of the areal extent of -

)[i
: *

marshes in Florida to other eastern states (Teal and Teal,1969i and Day et al..
ABSTRACT

| 1973) reveals Florida as secon'd only to 1 ouisiana in total tidal marsh acteage,
ikC2uSe I the rewS"ized mPortance of coastal marshes in supporting marmeTwo l'iorida Gulf Coast salt nun. hem were studied over an annual cple to document

marsh esosysic,., respon,e to thermal additions from en electricity-gence, ring ,tation. The i food chains, in building up the land, in serving as greenbelts, and in providing
overall nu rsh me *abuhsm. mcludmg plant production and raspantion, and scicsted shcher from storm surges, questions arise as to tl c impact of thermal diwharges

at r n cratures i t i 1 aff c cd y ,

on the marshes. Under new regimes of elevated temperature, are the basic'"P''. hermal additions'"

'""#'"I* "" "# "* E * #''#' * *
r carhy comtal nursh. The nutimum water temperatures e ord d du ing a n i er c

37, m alw thermal marsh and lf C ist the control marsh. The apparent net production calcu. J self-designing adaptations used by the new system for its long-term survival?
g
H

g land trum maawrements of monthly thanges in Xp.ertma atacemftare live and dcad standmg f; What is the value of the new, adapted system to the larger system of man and
y stops insluang estinutn of A mmposition and enort durmg the spring growing season $ nature)'

" " 8 Indexes of overall community structure and metabohsm were chosen asIn c n[ofie r1 T e en nny b .a
' '

perhumed wnh co g7a,ulysis c@ipment in March 1973 indicate community respiration i Parameters for evaluating the effect of thermal distharges Uncussion in tha

day ' m the thanut nursh anJ 2.21 g C m-' day" m the control ruarshn. I paper is limited to effects on Sparrina wherniffur,r. Alonthly harvest samples of
g

of 5 ?! g t m

T he overall cliest of h'gber water tempcrature appears to be higher levels of organic. matter Spartina standing crop, in situ infrared gas-analysis mea.surements of metabohsm,
turnover and metabohsm with a ratio ashieved between production and tespiration whkh is and htter-bag experiments were undertaken to incestigate the effect of heated

c$r t o,',;[ds effluents on standing crop and net production, respirati.m and total metabolism,"' '# iu d er n e in n'
br ah gh i e i a

and decomposition. respectively. Comparisons were nude of the above parame-
, . , , ,

ters between thanuHy affected and control marshes to determine the level orl'is papa proudes information to land planntrs on the structure and function
of a llorida sah-marsh coastal ecosystem and its condition after 5 years of

pant y of biological activity in each. If differences in sommunity metabuhsm
** "#'## * " E * "" I # E* * * * * * #* " ' ' " "*#'* ' ' *

adaptation to thernul loadmg from a contiguous electricity generating station.
Decision-nuLers and coastalaone resource managers are responsible for inter.

or 8 Supplementary energy source to the marsh community. In addition, suncys

facir'g nun's high-energy systems, which are subsidized by large quantitics of
of the population demities of nursh sn.til, f.itturin.r. and fiddicr crab, Uca, were
made in each marsh to obtain infornution about the abihty of these two

fossil fuels, with the rutural coastal ecosystems maintained by natural energies. arc aus to a inate e evate temperatmet
Planmng success can he ensured if the evolvi"8 systcms containing both man and
nature are designed to provide that combination which maximizes the value of
the region under con 3ideration (ll. T. Odun., LittNjohn, and lluber,1972t and SITE

' aylcy and Odum,1973). Such a goal in planning requires knowledge of the Studies were carried out at the Florida Power C.orporation Crptal River site
d

Ja

near Crystal River. Fla. (Fig.1). Florida's Gutt eu.ntime is a low-energy coast ef
f,m

.
o

[ di

- - - - - - . -- , ,.- . .
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f O
(

f mixed tides (tides are semidiurrut,but highs and lows durin ame day .no vi

unequal amplitude)t the mean tidal range at Crystal Ricer is u.7n m (2.5 tth In111-5-2 e,

'L g 1972 and 1973 two oil-fired steam plams with a combined masunom apacar
ut 897 MW. were located at the landwaid edge ul the salt nw3h. Ncawnce to m

the Gutt of Mexico was used as conJenser coolant at a rate t f 2420 m*.'nnn
p m g2Unnn) in a onwtlaough Wnig >, heme. Scauater 6 cadud,

g
through a system of two caiuh dicdged through the marshen w ater n draw n,, f ,,iaroogy c,,,u, #"

R me' R m** 1

/"{A 44 -

frotn offshore, p.issed through the condensers with a nudmam tempetJtus useN Pom e
Pter

' "'d
/ / of o'C, and dinharged into a slullow ntuarme hay sing.1). Durmg paiod ot

,e s
/ high tide, the thermal effluent is bnLed up into the nur>hes to the m..th ut the, b j g4 U' j j mouth of the diwharge canal.

La

I'"- f i An area of nursh immediately north of the mouth of the diwlurge caiul wasy * ' '

r,n.," % h designated as the thernully affeued study area t.ne I in I ig. t ) ..n t he l.as of8

{-
hydrological studies by Carder (1971, 1972). Caider Jemonstrated tiut aQ

"-cm.e

significant portion of the thernul plume is pushed onto these nurshes by h@#

tides and tlut elevated temperatures m the marshes buiJctmg the bay .oe rugbcst%;
eco,,no # 'd

were c>tabbshed turthere. Two control aicas -(areas 2 and 3 in l'ig.1 )
compJrative purposes in arcJs beyond the influence of the plume to the north

Ave i t

N/,[**,"' and south of the caiul complex. Water-temperature menuements obt. tined ni

W"N _

the thernully affected nur>h averaged 3 to o C w armer than sinniar mcume,

h., J.' ments in the nearby controb. 'l he nuximum water temptrature observed .m theomw.
ca w j thermal marsh by Carder and confunvd uith independent measurement, dmmg

~-%%p -

b.Nq ? ' this study uas 37 C in the summer.recy r",7 Iloth the designated control aren and the thernully atteued mai>h appe.u
p | to lie typical of the marshes in the Crv>tal 1(iver vicinit) . They are chaiauciued
N - a,,a 3

by approximately the same cicvattuns and tiorntie wmpositions, wah .%peroucom'*4,f
communty found at the seaward cJge et the nursh and along eicck banks. 'l be. o..

tam ;

j control areas and the marsh are washed by the tides twice a day.
A

l '

'
METHODS

<a ,, , , k I,$*, l Field collections and measurements began m June 1972 in the therm dlyw.o '

a m I affected nursh and in September 1972 in the control nus,hes. I he chp quadr.it,
,

or harvest method, was used to estmute standing crop and, later, to e,timate net9 d

b : production of Sparrhu. ~1 his method is applicable to vegetation ih.it exhtbus ar
u.. . m

i si.mf ans un
annual pattern of minimum standing ciop in the spring, with accumuf ated h

|' standing crop reaching a nuximum in late summer (E. P. Odum,1971 aneib|

Kecie,1972). The amounts of live and dead standing crops weie munutorca i
throughout the growing senon, and the sum of the inucnes m the amounts utjUr t N Lentiem 4 ihe s forkta pu.e, cupo,,,;,n c,y,,,,

n;,,, ,3,h live 2nd dead organic nuterial, is indicative of net community piuduuion.it.) t huits .,r d c ,,,a,,t, m.,p,nei ivi uw al.iisy or ow ,,1,un, ;,.audie.
Estimates of losses to herbivory and export of materuh peinmted calculaimin

" P' *""''"'dY ''"'
of net community pnatuai.m and the icfinement ut nimutes et nei prun..e 3

,

1

production. Nine randomly >electcu >amptn ut abusegmund ugetatmn tquadsat
suc a o.25 m 1 weie removeil at -1- to n-wcek inte vals fiom the ti.unuih2

.

u-
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4
'

f)a fe
nd the control nurshes. Collections from each control area were takenobserved to decompose while renuining in a vertical positi n mar

at every sampling interval and pooled to achieve a composite control sample siae and some stem parts gradually decay until, eventua
of nine qu.idrats. Each sample was separated by species and live and dead stem iemains. Finally the stem weakens at t

g

fractions, dried to constant weight at 70*C, and weighed; the resuhs were over. Natural conditions were simulated as
g,

to e

multiphed by 4 for conversion to grams (dry weight) per square meter of marsh T-shaped wooden frames and driving t iem
'

surface.- Stem densitics, expressed as stems per square meter, were obtained bv were suspended fmns the crospece. NN m above the .

counting Inc and dead stems contained within each quadrat sampled, mud surface and the bottom of each hag w2s pinned to the mud surface with ain utu
ps exchange measurements were made in the fictd during car (. metal stake. Thus the bags remained uprigi t. wi M&W

March 1973 to obtain comparative information concernmg the levels of total containing the base of the plant stems in e wnh the substrate. One
metabolism of both nurgh communitics. This method estimates total metabo- frame was placed at each of the six loc 2t'""5 *"

f f , were suspended tiom
hsm by momtoring the concentration of CO te ars i

3 g ,aph
in air entering and leaving a rigid each frame (15 bags in the thermally aft2

97tramparent chamber that enclosed the marsh grass canopy and was scaled at the f Before the bags were placed in t
.

3 oven tomud surface. Since this technique enclosed a portion of the entire community, air-dried nuterial were dried to cot ta eg
resulti showed the mtegrated response of both producing (CO fixing) and determine the percent moisture o , 3g mples gne results

y
- W ovendryconsuming (CO releasing) components of the system. Production induded condstent witg"" 5 * This mformation was use'-

contributions of the higher plants, periphyton, and mud algae. Consumption or weight of the plant material in cac of the 30 bags. Four bags were randmn y
respiration of the higher plants, algae, microbes, and animals living in or on the retrieved from each ares a

A was r moved
s

dead plants and mud surface constituted total-system respiration. These from the bags, dried to constant weig *C, and weighed to the UCATC55
.g

measurements represent metabohsm of the entire community and the soil. 0.1 g; the results were e essed a pc*

F.xperimems were conducted for o days (March 3-9) in area 1 and for 5 days h conuminatmn by sd orpnie
retrieved was intact, an

tMarsh 11 -161 in area 3. Since gas-analysis techniques monitor only the j matter. .Nearly every bag examine a ned amphipods and fungi, maicating
mposers were able to enter themetabonsm of the system exposed to air, concurrent measurements by other ;, that, despite the small mes sue, o

techniques must be made of that portion of the system covered by water to bags.
, . . h the studies of structure and meubolism, an effort uus

*

[ estimate total metabolism during high tides. No sampling of the water column : I " C0 "l""'* *"
! made to census two conspicuous imertebrate populatiims of the map WCE

8 was performed in March.
,

ni resent may serve as an marator otDetails ot' the complete sampting apparatus? including sensors, pun,ps, valves, A comparison of the n
[ , perature . During the monthly Sundmg< roprecorders. and timers, have been described by IL T. Odum (1970) and Lugo ammal adaptatmn t

J

(1969). Calculations of diurnal rates of photosynthesis and respiration were harvests, counts were ta en of the number of marsh periwmkics, Larurma
<

5

performed using the techniques and formulas outlined by Odum (1970). A brief inorata, and fiddler crab. Uca sp., n rad quadrat. Mean numbers were

mention of the gas-analysis methods in this paper will suffice because of the wows per squate
: then calculated and expresse $

d meubohm or tolarge amount of data collected and the necessarily limited interpretation allowed ; meter. No attempt h s been ma
r of crabs

as of thn uncing. The>e initial reported values are important for interpretation torrelate the num
of the other field measursments, but they should be considered b themsc!ves c. ;nhabiting a unit area of nurgh.3

preliminary. hnal results of these experiments will be published at a later date.
Studies of decomposition rates of Sp.rrtina in the thermally affected and the g gs

control areas were begun in February 1973. Fresh live plant material was
i
1

gathcied and allowed to air dry for approximately I week. Litter bags menoring 1 e lodine of N '"i"dP
15 tm mde and 70 cm long were constructed of 1.0-mm-mesh pintic window

The results of the vaiious experiments are &
g pgpng,,

screening. The bags were scaled by folding the edges twice and styling them at
standing crop, total or gross metabohsm, decompou

5-cm interuls to prevent leakage of plant materials sia tidal action.1:ach of 30
, g,

bags was fdled wah approximately 50g of air-dried whole plants. Material in
cath bag was mJividually weighed to the nc.ncst 0.1 g prior to fdhng"

Sp.nfina Standing Ctop

for an annual growth cyde in the thernully anecteThe b.igs were p! aced at six randomly selected locations (three in the Stanangs Np
thermally .dfetted marsh an l tluce in the control arca). Spartina has been . % ~, g, y uen,1, are sunitar to II*e found h otM

1 marsh are sh awn m

< .
1-
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N Q Co GAS-ENCilANGE MEASUltEMEN1S OF TOTAL METABOLISia

IN TilERMALLY Al FECTED AND CONTl!OL MARSilES

g - DEAD -
'

.c Metabolisen, g C rn-a day''
E

; Mean Solar
! .$ c,.

dai!y air radiation, Net daytinie highttime met al
t

150 - ~ [ Date temp. *C kcai ni' day-' production (P) respiration (10 (P ..

k] Thermally Affected Marsh,

-h too-i \ I -
' Mar. 3 -4 22.0 4590 1.35 6.20

----- %

N ,p
,

<
i d Mar. 3 -4 22.o 4590 2.40 4.71[ .

G q Mar. 8-9 23.0 2064 1.25 2 79
q? Mar. 5-9 values corrected to March 3-4

, r

50 - - '

solar rad:ation leveln 4590/2064 = 2.224) 2.78 ti.21
t

'} Mean 2. I 8 5.7 I
| 1 I i i l I l S

i)10 L -

Control Marshs
d I300 Mar.12 - 13 27.2 5050 3.79 2 55N h Mar.14 - 15 25.8 5c74 5.9o 2.22LtvE Mar. L 4 -15 25.8 5094 4.57 1.E6, .f

7,0 ~~

. '] Mean 4.77 2.21
K i,.a
.t : i

4 y 00 -
b% b IU 's

7 .N y * Am. mal Populations-
s s

'

. ,,e- ! i I ) Estunates of population densities of Litrusina and Uca burrows prest, :
i /l ,,\

'' _ 3
'

5
, ,/ |

f.
' the two nurshes are summarized in Tables 3 and 4. Crab burrows ucre cetI*- 150 - / '

g
only at low tides, which accounts for gaps in the data. Snail populatmns

<

.

patchy, which was nunifested by the large standard errors. Mean annualj
3 ,gg _ - j densitics were quite similar in both nurshes; however, crab burrows were
3 '

numerous in ihe control marshes.

" - -

DISCljSSION.

| | | | | | | | On the basis of a review of nursh-productivity literature, Keefe (1972)O
stPT OC f. t.U V. DEC. JAas F E D. MAR. APR

an apparent latitttslm.tI YartJtion in Nparlina standing stop.and net produN"
inferred from seasonal inocments of standing (rop. Standing oop anc
production tend to increaw from north to south, llowccer. Ap.er:#ua st.ul-ig. 4 Comparisun of 5/urr!na seem demitics in thermally afrecico (-l and

control (. - 4 rnarshes. Verticallines repec.cne the range, and liars reprewns t i crop and the resultant stJsonal clunge in standmg crop (550 g m } c.t t" ) le
t

.

during this study at Crystal River, whkh is near the Southern hmseamlarJ crwr around the mean of nine samples,
grassslominuted ult nutshes, Jrc low when compared to studies i.lcmit'ie
Keefe. listimates of net production by others range from appioxinutcly 54

2oud y tn year'' (Murg.tn, 8%1L and Williams and Murdod,1969) to D

t

{
i

, , , , _ _ . . . , - - - - -- ~ ~
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UENSITIES OF FIDDLElt CRAll, Uca sp.,liURROWS IN -'~

TilERMALLY AFFI CTED AND CONTROL MARSilES
,,,,y,,,

lhermally affected mards control marsh

- Month Nomber/m' 2 SE N Number /m' * I SL N,

j ' 80 -
J

T5. emany
Septe:tter 313 t 36.6 7 No dets,-

h d ' October 425 a 23.8 8 634 a orio 2
4

-

j
'

i Noveneer No data 483 1 40.6 7r ,

Decenber 278 a 29.9 9 No data
,_

5 J anuary No data 340t 41.6 9*

3 I *N"W 330 * 42 0 9 319 2 2d6 8

60 - Match 332e 32.1 4 406 s 20.7 4-

:g April No data 327 75.5 4
4~

6 Annual mean 336a 24.3 419 t 50.2 i
g+ 1

V,cn 1 Apra 1 Mn 1
m'' yeaf' (Day et al.,1973). Low apparent productivity at Crystal River may

| _

be due to one or more factors. The nutrient concentration of nearshore watersg-| 9 g g { g g g
,

that flush the marshes is low. l'or example, total phosphorus concentrations in :i

o O 70 30 ao 50 00 70 to

these waters annually average between 1.0 and 1.5 pg atom / liter, which is similarT eaL .t,,,

to open Gulf waters (McKellar,1973). Tides provide an important energv
*

ty.5 Comparison of Sr.orrin.: decomposin.on rates in thermatty mUected and subsidy to marshes (E. P. Odum and Fanning,1973), and the tidal fluctuations -

[ sentret nuedies. Verti:st lines represent the rang and bare represent a t ' at Crystal River are snul!'in amplitude scl.itive to the tidal range of the Atlantic
coast. Perhaps the mild winters and more regular sca>tms charactciistic ofst.mdarJ crror around the mean of four unnples.H

1lorida account in some measure for a smaller lluctuation of standmg crop thang ,

| sJ

i
~

is typical of northern marshes.
TABLE 3 Examination of the energy diagrams in Fig. 3 sids the interpretation of the

POPULATION TSTIMATES OF SNAILS, Littorina irrorata, IN various growth and adaptation trends observed in the standing crop, metabothm,
and decomposition experiments. The energy diagrams purtray the essential

tilERMALL\* AFFECTED AND CONTROL MARSilES
process of organic-m.stter production and the eventual fate of this matter in the

Thermatty stfected marsh Control marsh
! ! Spartina marsh ecosystem. The two storage " tanks" or modules denote the
,

standing crop of live and dead matcrialt the lines or pathways correspond to the
j Stonth Number /m' t 1 S.E. N Number /m' a 1 S.E. N <;

dominant fluxes of organic matter frutn the storage comp.rtments. Values
disp ayed on the storages and pathways were those obtained from the fieldaugus 3.11 a 2.19 9 No data ' l

I sampling program, including respiration values from ' gas analysis for theseptenter 2.67 t 2.2 t 9 No data
t

October 7.112247 9 2.o t 2.o

Noventwe No data 6.9 e 2.82 s - February-March period; all previously quoted values for the period arc.

cxpressed as grams (dry weight) of organic matter per day -in . Fig. 3. |

| Decemt cr 3.56 e 1.32 9 No data j

Decomposition of dead standing crop, which represents both in situ decomposi- |* d''' * # 43

., f*" tion and export, is denoted by a smgle value, uhtch was measured (sy litter bags., , (

f
Exact values are yet to be determined for export, and this flow is labeled with aMar.h 2.29 e 1.19 7 3.43 s 1,64 7' ,I

Apn1 1.3 3 e 1. 3 3 3 a.4 i a 60 s #"
* P 4#"" '*#"i

plus the change of the level withm the tank during the time interval considered.Annual nwan 3.o9 e 0.77 3.o2 z I.03
3

Nct production and gross production, both for the community and Spartrua, are, j''

! i
*

J

f a

f
-- - _ _ _ _ - - - _ - _ _ J
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lie C)arijes teral i
defirbli Fig. 3 by equations derived from the energy diagrams. For examP e k '2 day-' t and respiration.1.7-1 to 3.89 g C ni d a y'.'

t

l in1 gross 14.0 g C m'2 day" ; net 1.4 g C m day ;
Sparrina net production is equal to the summation of the change in hve stanoir$[N community metabolism as:nd respiration 11.2 it C m-* day" . During this study metabokm rates obtame.1(rop. loss to hechivores, and the quantity of live material whish dies and

s

as analysis in M$rch fall into the range of values calculated by Teal. Mstransferred to the dead standing compartment. The flux of hve materialinto the ' -~*b
rn tabolism data from Crystal itiver are still bemg interpreted, and results anddead standmg compartment is "back calctdated," using the observed increases ;n

the dead standmg nop and the wmbined estimates of in situ decomposition and ? conetusions based on these data should be considacd prehmirury. ,

of the marsnexport rates obramed f rom the htter bag studies. 'r, was shown in the preceding paragraph. respiration
,

_

The data m 'labic 1 and Figs. 2 and 3 show that February- Alarch increaw co nmunity increased in areas that received thermal discharges. Iloweveg it is
ef lio. standmg crop of Spartma are three times as great in the thermil!- inere meaningful to compare the ability of the two marsh commumtics to
affected marsh .is m the control area. Thus inucased water temperatures compensate for increased respiratory demands by sin.ultaneous, proportional
apparent!) hasten the beginning of the growing season. Subsequent standing-

. increases in net production. The ratio of net production to gross production
indicates the fraction of the total community a,etabolic budget which iscrop increments during the renuinder of the spring season are similar for both

nurshes; the overall increase of live standing crop in the thernut marsh is 22*. availabic for net production. Values of this ratio during the February-March11
greater than in the controls Anderson (19691 made a qualitative observation for both marshes in Fig. 3. Note the similarity of this ratm for
that hve Sparrina growing near the discharge of a power plant in Maryland

. v
plying that nct production remains nearly a constant percentage

t hes,
appened more robust th.tn that m nearby marshes which received ambient - of the marsh metabohe budget. Identical calculations, not reported in Fig. 3. wae

The change in dead standing crop in the thermal marsh contributes 26% of
e1 to the th I r s ir ti as ren n n

the estinuted net production during February and March and 17% throughou- I tween nurshes were found to exist through June 3.:

the growing season. These figures are significant when comp ired to the contr" The adapt:itions observed in the thermal marshes at CrvstalItiver are consis-
!

tent with 1.otka's (1922) principle that surviving ecosystems are those whichmarsh, where there is essentially no gain in dead standing crop during the
i

growing ca on. Owing to higher dead standing crops and higher dccomposition } Wiw the h of energy through the system. The thernut marsh is
arently using some of sne potential energy contained within the thermalrates (1 ig. )). the total loss of material through decomposition and export is t

7 twite as hyh m the thernul marsh as in the control areas. The contribution from f d scharges to carry on higher levels of metabolism. The mcchanism through which
a

decomposition to the estimated net production during the spring season is roduction and respiration arc accelerated under regimes of elecated temperatureiapproumately 50"5 m the thermal marsh and %% in the controls. i fs still unclear, but one possibility is increased organic-matter decomposition andco

concurrent nutrient r egenaation. Ifigher temperatures tend to a ccclaateComparison of changes in dead standing crop and losses from decomposition P ,,

demmposition and respiration, but, for a system to remain viable, it
mu stand export rescals the thernully affected marsh processes, or turns ovec, a larger

k[ ~ achieve a balance between disordering outflows and production (or mflowstportion of nutetul from the live compartment. Itatios of bionuss to gross
Odum (ll. T. Odum, this volume) ilhntrate theoreticalproduction calculated in Fig. 3 show the turnover time of the thermal marsh to / Edcts dc3aihed by

j be one-third that of the ctmtrol marsh. The net effect of monthly standing crop " push-pull"cffects of temperature on ecosystem behavior. Chemical reaction
changes and decomposition is greater production of plant nuterial in the thermal r4tes and rec) cling of materials proceed faster at clevated temperaturen these-i-

i

nur h (5h3 n. 281.5 g/m ) during the spring period. i fore inercased production obwised in an adapted system, whish contains a fimte
2

Commumty metabolism measurernents by gas analyus corroborate the ! stod of nuterials necessary for production, such as nutiients. may be due to
inciased rcenle and subwquent uptake of these materials.imdings of higher metabolic activity in the thermally affected nursh. Total

.

No nutrient determinations have yet been nude on lice and dceaying plant2 &hr. or gross, metabolism appears shghtly higher in the thermal marsh;
'

howes er, nighttime respiration is significantly higher, 53 g vs. 2.21 g/m nuterial during this study, but Ustach (1969) lus shown that radioisotopes ut2

hattMpantics, unresolved as of this writing, exist in the da) time net production . (hromium, cesium, and rine are rapidly leashed from dead sparren.e at a rate t
salues for the two nurshes. Metabolic measurements indicate higher photo- exceeds the loss of dry weight The biorcochemial cwhng of cesm h dne
s> ntheus in the ntrol nurthes. Few direct measuremems of metabolism have

- to tlut of potassium, and the behavior of chmndum and iine may indicate tiie
been attempted m salt marshes. Teal and Kanwisher (1961) measured the fate of micronutrients (molyhdenum and rinc) necesury for plant function.
respiration of mud, Spartina stems, and the entire nur>h commumty in Ustach also suggests the role of increased enviionmental teinperature in
productive (.corgu norshes. Teal (1962) found Spartina to exhibit the following augmenting decomposition rates. Phosphorus, oloum, and other macronutnents
mean yearly metaboksm: gross, 2.3 to 8.3 g C m-2 day" ; net,0.9 to 3.08 g C are Iast in forest litter in proportion to the reduction in dry weight Rucl.

1

f
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1968 beater decomposition rates in areas of c!cvated temperature may '" technology to minimize his waste pri, ducts. Instead, he shou (sunder certain

j
V

quidly release a larger fraction of the bound nutrients, which are reused by & circumstances recognize the natural ecosystems that have. the necessary
Sparina for further production. The larger amounts of dead material on the flexibility to serve as effective intetfaces in processing and putting his wastes to
thernul nursh nur be an adaptation by that system for concentrating and use at no cost to h'm.
transferrmg a greater traction of nutrients normally bound in live plant tissue to *

a compartment where tlwy are quickly nude available through decomposition
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The influence of thermal loading on parasite populinon I.aoh.gy was examincJ in em3
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tiantes from several scpes of aquane habitat * un the Savannah River Plant area. Aiken.h.C.
.

'

-

.~ , and M. Ical,1969 f.rfe and Dearb of a6e Sals Marsh. Littic, Brown and Compans ' i llo t Population fro [n natural thernutty altured. and po, -thernul remvery p.mJ. and swer
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-
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t' stash. J. F .19o9 The Decomposition of Sparrina elacrniflora, M. S. Thesis, Department i
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parente population leech after final thermal input.DAl C Heport CONF 670503, pp. 4 31439,
i

s.

b.

f- .\lthough general interest m the biological effects of thermal pollution has
merca,ed in recent years, the impact of thermal cifluent on population inology'

of parasitic organisms has rectived little attention from either an applied or at
* theoretical vicwpoint. The inercased incidente of two hacterial diwases,

columnaris (Stroud and Douglas 1968) and furunculosis OlcCraw.1932), in
heated areas of the Cadumbia Rher, is frequently mentioned in the thennat
literature, but, other than these isolated cases, no studies in the United Sutes

| have dealt with paraute populations in theinuity maniphnt cusystems.
The present study examines parasite population and community ecology itt

|
the ycilow bcIlied turtle. /*wisdcenys 3. script.s. from natural and heated areas and
in prevtuusly heated areas presently undergoing post thermal succession.

i

sst:
i
;

a
33a

- - ' ~~~ '-
.. . _ ,,., __


