
6.4 SALT MARSH

6.4.1 Sampling and Laboratory Analysis

Eight general areas for salt marsh study were specified in the origina l POS.
Locations of the eight areas are shown in Figure 6.4-1. A reconaissance was
made in each area to identify suitable stations. Final station selection was
made after considering such factors as accessibility, thickness of the marsh
floor, apparent marsh elevation, species composition, exposure and fetch, and
overall marsh physiognomy. Final station locations are described i n
Table 6.4-1.

Four Juncus roemerianu8 and four Spartina alterniflora sites were situated at
each station. Depending on local condi t i ons at each station , t he four sites
for each species were deployed over different microenvironmental feat ur es
such as shoreline vs marsh inter ior; low vs high marshes; cr eek bank vs
uniform marsh; and pure stands vs stands intermixed with other marsh spec i es .
Site locations are given i n Figures 6. 4-2 through 6. 4-9.

Marshes were sampled during low tides. Stations 3-5 (Contro l, Midway, and
Thermal), were accessible from land, while the other stations were accessibl e
only by boat. Stations 3-5 were generally sampled first during each sampling
period.

Thickness of peat at marsh stat ions was measured with a steel r e inforcing bar
driven by hand to resistance. At least 10 probes were made at each station.
Data were r ecor ded to the nearest :3 em. liarsh elevat ions were est ima ted by
correlating times and water depths a t each marsh station at slack high wat e r
to simultaneous observat ions made at a staff gauge at the mouth of the
discharge canal. The gauge is register ed to mean l ow water .

Temperature was recor ded cont i nuously i n one Juncua site and one Spa r t ina site
i n each station, using Peabody Ryan Mode l J-90 ( l 0-40oC) t he rmogra phs . Each
unit was tethered to a concrete block and set on the marsh f l oor , the n
retrieved and replaced on subsequent sampling vis i ts. Details of cha rt
preparat ion and processing are given in Section 10.1.1.

All collections were made us i ng 0 .2 5 m2 quadrats . Thr ee r epl i ca t es we r e
co llected at each si te . Quadrat frames made of PVC were dep loyed on t he mars h
floor a t sampling s i t es in a chec kerboar d pattern. All plants were manually
clipped at the surface of the mars h fl oor and placed in prelabel ed bags. At
the fi eld station , plants we r e rinsed wi t h freshwater, counted, ins pe c t ed for
flowers or seeds , sorted into live, dead, and miscellaneous f r ac t i ons , and
bundled with nylon ne t t i ng . Each batch was labeled, dipped in mildewcide to
arres t respi r a tion and fungal growth , and air-dr ied . All material f rom a
singl e co llection was dried further i n a solar ho t -house equipped with
aux iliary hea ters unt il weight 10 B8 was at least 97 percent (as determined by
oven dri ed aubs amp l ea} , Batches wer e unbundl ed and weighed to t he nea re s t

0.01 gram.

Mars h s amples occas i ona lly bore epiphyt i c a lga l growth which was scraped f r om
the shoots and pres erved i n 15 percent f orma l i n fo r la ter inspection. Motile
epi f auna wer e collec t ed when quadra t f rames were set and aga i n after plant s
were cl ipped . Animals were placed i n pre labl ed jars containing 15 percen t
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fo rmalin in seawater and l a t er identi fi d " (J ennttlf..;'l;n:-:-~L. 'Dnce a quadra t was
cl ipped, all burrows in t he area covered "i).Y t be .g ·~!',:! r-<3C .h .'Jme s were counted .

A SAS GLM procedure was us ed to compar e sho ot ··.ll>.uz·i t i :'-.<J '\ "! i ve and live plus
dead ) , biomass (l ive and live pl us dead ) among ~ t a ti~~ J ~ampling dat es, and
fo r t he station by date inte r action . Burrow de ns i t y nd dens i t y of Littorina
were c mpar-ed spatially and tempora lly including a l ive weight covaria te .
Other covariates were explored as welL Tukey's HSD tests were used t o
compare means of station an d t ime period of sampling .

6 . 4. 2 Results

Introduction

This assessment is the fif t eenth in a s er i es of reports since 1974 on the
subjec t of s alt mar s h the rmal s tructure or res ponse to t he rma l stress at
Crys t al River. Pri or re ports i nclude Homer (1974), Young (1914 ), Klausewi t z
et a 1 ( 1974) , Florida Power Corporation ( 1915) , Hornbeck ( 1978) , Odum and
Cal dwe l l ( 1978) , Goforth ( 1979) , Goforth and Kosik (1980 ), Coggins (1980) ,
Kosik (981), Odum and Mont ague (1981), Applied Biology 0982; 1983) and
Knight and Coggins (1 982). Pas t salt marsh studies have produced a
considerable volum e of data and insight into sal t marsh st ruc ture,
metabolism, animal us e, and r espons e to thermal stress . Data collected in
1983- 1984 address the geogr ap hic al extent and nature of thermal impacts, if
any, on salt marshes in the vicini t y of t he Crys tal River Power Sta tion. The
study also addresses :

(a) The grad ient of temperature in marshes re lated to the thermal
dis char ge;

(b) Di f f er ences in standing crop, plant density, or inver t ebr a te
activity be tween previous thermal and cont ro l s ta tions ;

(c) Trends or patterns for standing crop, plant densi t y or i nver t ebr a t e
act ivity at additional stat ions .

Hi s t or t ca l da t a and eva l ua t i ons of new data will be co nsidered sepa r a t e l y for
Sparti na alter niflora and Junclls roemer i anus. In each case, t he evaluation
t reats s tandi ng crop ( l i ve, total ), plant de ns i ti es, lengths, and fl ower i ng.
Variables t o be conside red as meas ures of invert ebrate act i vi t y include total
species numbe r , to tal fauna l density, Littorina irr orat a density, and bur r ow
density .

Between 1974-1 981, pre- and post operational marsh studies conducted by the
University of Florida included productivity and respiration measurements and
other parameters required to model marsh system metabolism . Beginning with
Applied Biology, Inc . ( AB I ) s tudies in 1981, marsh studies have be en limited
t o s t ructur a l analyses of plan t s and invertebra te studies. The ABI studies
and the present i nves t i ga t i on were based on the assumption that marsh
s t r uc t ur e is a meaningful i nd i ca t or of marsh .s ys t ee metabolism or that t he
measur ed parameters are inde pendently use f u l i nd i ca t or s of environmenta l
stress. Knight and Coggins (1982) reviewed f our years of post-operationa l
da t a and concluded that structural aspects such as shoot density had changed
in thermal marshes in compensation for metabolic adapta t ions to hea t .
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Isolat ed meas urements of marsh structure may be us ed as i nd i ca t or s of thermal
adapt a ti on as described above, but met a bolic estimates cannot be perf ormed
ent i r e l y on s t r uc t ur a l data. On the other hand, marsh s truc t ur e is us e ful as
an inde penden t ind i ca t or (Oviatt et a l 1977).

Four assumptions of t he present study are t hat stations have been comparabl e
bo th be t ween and wi t h i n s tudies; that sampling techni ques have be en
comparable and adequate; and t ha t a gr adien t of temper atur e in mar she s ex i s t s ,
but not other f a c t or s capa ble of aff ec ting the marshes. Each ass umpt i on is
addressed separately i n the foll owing paragraphs .

uThermal" and " control" s t a t i on l oca t i ons have r emai ned unchanged since t he
firs t pos t operst i ona l s tudy by Hor nbec k ( 1978) . Young ( 1974) co nducted
cont rol meas urements a t Negro Point south of all pos t operational co ntrol
sites and al so on t he we s t s hore o f Lutt r ell Island. All " zhermal n s tations
in pas t studies coincide with the The rmal Stat i on , and Control Station is
equivalent to "cont r o l" sites used since 197 7.

Marshes used as con t r ol s for thermal impact comparisons are val id on l y t o th e
extent that al l other relevant var i ables are the s ame as found at t he therma l
si t e . Wh ile no two marsh sites can be perfec t ly compa r able, the extent o f
differences between them fo r severa l factor s can be evaluated.

Young (1974) s t a t ed that Cont rol and Thermal s i t es were approximately the same
in elevat i on and spec i es compoaiti on bu t gave no data . The The rmal St a tion is
expos ed to Crystal Bay and a l ong nor t hwes t e r l y fe t ch res ul t i ng i n moderat e
wave climates during winter frontal passages. The Cont r ol Station i s
sheltered to the northwest by the i nt ake spoil and i s exposed to the
relatively quiet west-southwest . These differences ar e r e fl ec ted by the
steeper western shore line at New Rocky Cre ek t han a t t he Control Station.

Elevations of the Thermal and Control Sta tions have not been es t ab l ished by
any study to date, but the f act that Rocky Cre ek has a hi gher water surface t o
mar s h rat i o than Cut off Cr e ek s ugges t s that t he thermal mar s h i s lower. Wa t er
l eve ls were c ompa r ed i n each marsh to t he tide s ta ff a t the POD.

Mean Elevation , m above MLW

St ation

Thermal

Contro l

Spar tina

2. 49

3.45

Juncu9

2.90

4.05

Spar tina mars hes were lowe r t han J uncus by about 15 cm, which is co ns is t ent
with f indings from se ve r al ot he r s t udies (Daiber and Ganzman 19 78) . Both
Thermal marshes were lower than the Contro l counter par ts by abou t 30 cm.
Sal i nities di f f er be twe en the Therma l and Con trol Stations . In Quar t er s I and
III mean surface s alinity a t the Control Stat i on was l es s than 20 .0 0 /00,

compared to mean salinities gr e at er t ha n 22. 5 0 / 00 at t he Therma l St a tion .

Six additional s t a t i ons we r e sampled in 198 3- 84 . Upper Sal t Creek was
completely s he l t ered , and Midway was protected t o the nor thwest by t he
discharge dike . The Fence and Davi s I sland s tations wer e par t i al ly protec t ed.
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Most marshes fro nted onto sho r e l ines 'fi:::.11t, mi 't d lti:~ 1:D.(d. &7 i'J.,;U~ .aLope , e xcept Upper
Sal t Creek and parts of Dav i s Island. The an'n .ltl 'e.h~"':e :t::!;·:>n above ML'il of a l l
Spartina mars he s was 0 .84 m ( +/ -0 . 22m'), a1l0:l;;= {)~ 12 ,IT' l owe r than the mean
Juncus marsh elevation of 0. 96 m (+/-0.22 m) . 'fh e The~illal Station had mean
marsh elevations near t he overa l l means for :Spcfr t 'i na G.Qd .Juncus ,

Mean salinities bas ed on quarterly data varied from 12.5 0 /00 to more than
22.5 0/00. The Therma l Stat i on had highest mean salinities (greater than 22.5
0 / 00). Davis Island had cons is t ent l y low mean salinity 02.5 -15.0 0 /(0 ) due
to the influence of the With lacoochee River. The Thermal Station was a locus
of high salinity s ur r ounded by tiers of decreasing salinity both to t he north
and south. Salt Creek s tati ons and Dav i s Island were shaded by nearby
ha1lllIlocks. Shading was greatest a t Upper Salt Creek.

Over all, Thermal and Control Sta tions differ with respec t to exposure and
salinity and probably e l evat i on. New stations in Salt Creek do not
appreciably resemble the Control, especially due t o an abundance of
Distichlis ap i.e at.a , Stations north of the :fIOD represent approximately
comparable marshes a.Long a pronounc ed salinity gradient.

Marsh s t anding crop an d shoo t de~i ty have been determined in all pre-and pos t
operational studies with 0 . 25 m quadrats. Young (1974) determined that 9
Spartina and 5 Juncua qu ad r ats maint a i ned a minimum error of 15 pe rcent about
mean live and de ad biomass ( 95 percent probability), and all subsequent
studies until 1983 us ed the same s ampling e f f or t . Twelve quadr ats wer e use d
in Spartina and Junells marshes for t he present st udy to provide for gr e a t er
covera ge of mi c r oe nvi ronme n t al differences s uch as proximity t o creeks or
intermixing o f other marsh species . I ntermixing is very common in marshes of
the region . For the 8 s t at ions in t his study, 25 of 32 t o t a l Spar t ina sites
were pure st ands, whe reas on l y 14 of 32 t o tal Juncus s i tes we re pure s t ands.
It i s not known whether only pure stands of each s pecies we r e s ampled i n
p r e v i ous s t ud i es. Counts and co llec t ions of inver t ebrstes have been made by
t he same techniques i n al l studi es .

Penetration of the thermal plume i nt o t he s a l t marsh around New Rocky Creek
was demonstrated by Carder (197 1; 1972 ) and Homer ( 1974) fo r preoper3t ional
condi tions. Young (1974 ) provided the first da t a on actual marsh temperatures
and re ported a 3-6°C incr e as e in the "therma l " s ite over his Ne gro Island
"control" site . Young also confirmed re por t s of 37

0
C temperatures in t he rma l

marshes during sumner . Hornbeck ( 977) s ta t ed , "Water which flooded t he
thermally impacted marshe s was 2.60

- 7.Z oC
higher than that which f looded the

control marsh". Apparently, there have been no reports of in situ marsh water
tempe ra t ures since 1977, e s sentially the entire po s t ope r s t i.onal period.
Thermograph data for 198 3- 84 i llus t r a t e differences in marsh tem pera ture
be t wee n Thermal and Control St a t i ons. Figure 6.4-10 i s a comparis on o f mean
daily temperature at the t wo stat i ons fo r January 1984 . Mean daily
temperature at the thermal site exceeded mean con t r o l site temperature for
nearly 75 percent of the month. The greatest temperature increase between
pa ired means was 4 .SoC. The mean monthly temperature of the Control marsh for
January 1984 was 13. loC ( +1 - 2 . 1° C) c ompared t o a monthly Thermal marsh me an o f
14.00C ( +/ - 3. 1° ).

Summer data f or both stat ions were compared for August, the ho t t es t mon th of
1983 , bas ed on temperat ures during predic ted slack high tides. Da t a were
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taken from thermograph traces from August 5 - September 5, 1983. Results are
given in Table 6.4-2. Thermal marsh means were significantly higher than
Control means for daytime, nighttime and all high tides in August. Overal l ,
thermal marsh temperatures were increased more at night than during the day.

Temperature of the Control Station Spartina marsh rose at low tide and fell at
high tide with relative stabili ty during the night (Figure 6.4-11). The
Thermal Station Spartina temperatures, on the other hand, exhibited the same
cyclic temperature pattern but with an extra period of high temperature caused
by the thermal plume at high tide. This phenomenon occurred during the night
and day. .The doubling of temperature cycles was evident at the Thermal
Station in winter but with dampened amplitudes.

Table 6.4-3 summarizes high tide water temperatures in Spartina marshes north
of the Control Station for the period August 6-15, 1983. Units 1 and 2 were
operational for all but a few hours then, and Unit 3 ran uninterrupted. TIl e
Thermal Station was hotter during days, nights and overall than othe r
stations. Patterns of mean daily and mean overall temperatures were similar.
It was followed by northern stations and then the Control (in order of
descending temperature). Mean nightly temperatures were the same at all
stations except the Thermal marsh, which was warmer by about aOc. Thermal
Station means had l ow or l owes t standard devia t ions due t o modera t ing e f f ec t s
of the thermal plume. Salt marsh stations were classified by thermal range in
Table 6.4-4.

Spartina marsh temperatures in winter were mildly warmer at Midway and Fence
Stations and moderately warmer at Thumb Island, whereas summer temperature
effects were detectable at Midway and Thumb Island (in addition to the Thermal
Station). Since Spartina marshes were lower (elevation) than Juneus -marshes
at each station, it is probable that Spar tina data accurately reflect thermal
dis charge effects.

Spartina Trends and Patterns

Two way analyses of variance were conducted using live standing crop and live
plant density as dependent variables and time and station as i nde penden t
variables. The analyses were performed once us ing all data for Spartina only
in Spartina marshes and again for Spartina and Juncus combined, where they
occurred together in Spartina marshes. Sampling periods and stations
contributed significantly to observed variance in all analyses, and s o di d
station- time interaction terms (Tabl e 6.4-5 ) . Consequently , pa i rwis e
compa r i sons of each parameter were made between sampling periods and be twe e n
s t a t i ons using Tukey's studentized range (HSD) test, with alpha ~ 0 . 05 and
confidence .. 0.95. Resu l ts are shown as network diagrams in which any
stations or times connected by a line were significantly different at the 0.05
level.

Standing Crop

Figure 6.4-12 illustrates stat ion differences for standing crop data c ompiled
across al l sampling per i ods . For the study as a whole, live we i ght o f
Spartina i n Spartina marsh at Lower Salt Creek was significantly diffe ren t
than all other stations. The Thermal Station was l ike Rocky Cove , Thumb
I s l and, and the Fence , but di f f e rent than Contro l Stat ions and Davis Island.
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Stations from Midway to Fence were al ike but -6Em~ra lly di f f e r e nt than " end"
stations. .Figure 6.4-13 illustrates numerous d iEfe r -enc ee between sampling
periods for standing crop data compi led across all stations. Sim ilarity of
Ju l y and September 1983 , and January and March 1984 suggest seasonality i n
live Spartina standing crop. Ve.ry dis tinct seasonality did oc c ur as shown by
Figure 6. 4-14. Live Spartina weights increased in 1983 to maxima from
October-December , then fell to minima in January-March. June and Ju l y 1984
weights were similar but significantly lower than SUIImer 1983. This pattern
was obs e r ved at all stations although 1983 means varied considerably. Thermal
lower. Means at Midway, Thumb Island, and Fence were between those at Control
and Thermal Stations in 1983 and greater t ha n either i n 1984, suggesting a
gradient of stimulation centered at the Thermal Station. Lower Salt Creek and
the Fence were similar and with Upper Salt Creek had lower than -average mean
Spartina weights.

Analyses were repeated with Juncua weights added because intermixed marshes
a r e commonplace near Crystal River. Both time and station were significant a s
independent variables (Table 6.4-5), but patterns of similarity were exactly
t he same as for Spartina weights alone (Figures 6.4-12 and 6.4-13) except that
Dav i s Island became similar to Lower Salt Creek and Control. It may be
conc l uded from these results that Spa r tina marshes could be treated as either
"pure" or "mixed" stands with regard to l i ve weight. Figure 6.4-15 (combined
live weight at thermal and control stations) illustrates that ( 8 ) means a t
each station are equa l t o or slight l y g r ea t e r than the ir respect i ve
count e r pa r t s in Figure 6.4-14 due to add i tion of live J uneua; (b) s t andard
deviations are relatively great despite sample size o f 12 due to t he
i nt e nt i onal effort to sample in different mi croenvironmenta at each station;
and (c ) live weights at the Thermal Station were significantly greater than at
t he Control in some months of 1983 but none i n 1984.

Plant Dens i ty

I n the analysis of plant density, both t ime and station were significant
independent variables (Table 6.4-5). Figure 6.4-16 illustrates station
differences for data compiled across all sampling periods. The network is
notably different than Figure 6.4-12, meaning that weight was not a simpl e
cons e que nc e of density and that each parameter may respond differently to the
same independent variable. Davis Island density means were unique; Control
was like its neighboring stations and Thermal and Fence were s imilar. Th e
network of live density means during each period (stations combi ned ) i s shown
i n Figure 6.4-17. Seasonality i n plant de nsity was strongly i ndic a ted bec a us e
periods at the e nd of 1983, when the gr owi ng season was over, were di f f e r en t
f r om one another ( sugges t i ng rapid change ). Seasonality was furt her
indicat ed by the af fini ty of successive periods in 1984 , once t he new seasona l
density of live p lants was established.

Trends in mea n live Spart ina dens ity a re illust r a t ed in Figure 6.4- 18 . Hea ns
wer e a t t heir highe s t in December 1983 and fel l to minima in J anuar y 1984 .
Densi ties were steady i n 1984 but trended downwa r d to a level i n Ju l y not
signif ican t l y different than J uly 1983. The similari t y of J ul y means t o
January means suggests that baseline dens i t i es were estab l ished a t the onset
of the growing season. The Thermal Stat i on had highest densities and wa s
paralleled mor e closely ,by the Fence t ha n other stations. Midway and Thumb
Island had similar trends and their means were intermediate between Control
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and Thermal s t ations. Salt Creek Sta t i ons and Dav i s Is land had t ypi ca l ly low
densities of live Spartina .

The additi on of live J uneus shoots to Spart i na densiti es did not a f f ect the
results o f the ANOVA (Ta bl e 6.4-5 ) and had minor effects on s tation and time
networks. As i n the case of live standing cr op , Spartina marshes could be
t r ea t ed as either " pur e" or "mixed" stands with regard to live dens ity.
Figure 6. 4-19 (combined live pl ant and s hoot densi ty a t Control and Thermal
Stations i l l us tra tes t ha t (a ) means are t he same at Cont r ol and s ligh t l y mo r e
a t The rmal in 1984 t han the i r counterparts i n Figur e 6. 4-1 8 ; (b ) va riance s are
no t as grea t as f or mean s t and i ng cr op, meaning t hat density was a f f e cted l e ss
by microenvironment a l changes ; and (e) plant density a t t he the rmal si t e was
co ns i s t ently greater than a t the cont rol and was usually 5 i gnificantly
grea t er .

Mars h Height

At l eas t 100 shoots were measured fr om each station in June 1984 when standing
cr op was high and densi ties stab l e (Figur es 6.4-14 and 6.4-18). Results are
shown in Figure 6.4-20. The inset shows that all but 4 comparisons were
significantly different. Li ve Spart i na at the Thermal Sta tion was
s ignifican tly shorter than neighboring stations or Control. Davis Island was
significantly taller t han al l other mar shes exc ept Midway. Thumb I sland and
the Fence were i ntermed i ate i n height between Thermal and Davi s Island .

Shoot Weight

Data on live s t anding cr op and dens ity can be combi ned to assess s hoot weight
if shoot lengths are compar able or if the mean wei gh t s per uni t l ength of
shoot ar e comparable. Because the pr eceding sec t i on showed that mean shoot
lengths wer e significantly di f f erent between stations in June 1984, s t andi ng
crop and density data for t he s ame pe riod were us ed to assess va ria tion of
weights per unit l ength (Table 6. 4-6 ). Mean weights per centimeter of live
Spartina shoot r anged nearly twofold be tween means at Therma l and Mi dway
Stations . The r ankiog of stat ions by s hoot we ight and standard sh oot weigh t
wag essenti a l ly unchanged, meaning that shoo t weight i n live Spartina i s a
valid condi tion i ndex and does not nee d cor rect i on f or l ength .

Me an plant weights by station are shown in Figure 6.4-21. Salt Creek Stations
and Davis Island were not plotted to simplify the figure. Shoot weights were
highes t i n June-July of each year and lowest i n January-March 1984 . Mean
weights at Cont ro l St a t i on were cons i s t ent l y greater than Thermal Stat i on
means . It i s evident in compar ing Figures 6.4- 14 and 6. 4-18 t ha t standing
crop affects shoot weights more than density with regard to seasonality but
tha t density is more importan t in the r ela tion of Control to Thermal Stations.

Reproduct i on

The incidence of f lowering was seasonal at all Spartina stations except Davis
Island, whi ch had near ly continuous flowering (Figure 6.4-22 ) . Flower i ng at
the Sal t Creek Stations and Control peaked in Oct ober. Flowering at the
Thermal $ ~ at i on also peaked in October but continued i nto 1984. Flower ing at
stations near Thermal peaked in December. Overa l l , f lowering peaks di ffer ed
on ei t her side of the int ake cana l and" mar shes near the Thermal Stat i on
fl ower ed later i n the year.

6-59



Standing crop of dead Spsrtina va r ies se e,,,:>nli 111' i[";; ';l;oP ' i~_ ::" -23 ) , dou bling at
the end of the growing season. More dead par t:: 'm!. ,.,a,' ;~;e.:H~n t at the outset
of the 1984 growing season attbe Therma I Stsd.o~. ~hz.l ;;:.~ Control but both
declined through time. Two way ANOVA were ;PJ? f or.;r.erl -· :t . ~.~'l (live plus dead )
standing crop and density of Spartina ,be t h wi:ch .ana ..., ' thout intermixed
spec ies (Tabl e 6.4-5). Time and stati on were ;;;igtd fi.cant as sources of
variance. Total Spartina weight differences were i dentical to Figure 6.4-13
exce pt that Thermal and Thumb Island Stations were significantly different.
Even when dead weights of other species were added, the onl y novelty was that
Midway and Thumb Island became dissimilar. Thus, the Spartina marshes under
study varied co ns i s t en t l y with respect to standing crop and obs.erved trends
and patterns were the same whether dead tissues or other species were
cons i de r ed .

A different res ul t is obtained when temporal var iat ion i s consider ed . Figure
6.4-24 i s a s imilarity network for total Spartina weight (and for total weight
of a ll species) for each sampling period, averaged across stations. Figures
6.4- 24 and 6.4-13 differ mostly with regard to s ummer condit ions. Summer l i ve
weights differed from other periods, whereas summer total weights did not, and
nei t her did weights for January 1984 beeauae of the dead weight carry-over .
Less seasonality can be expected in total weight measurements t han live
weight.

Mean total standing crop of Spar tina var ied as expected at all stations during
t he study (Figure 6.4-25). Total weights were greatest at the end of the
growing season and lowest ae the start. Annual variation was less definite
than for live weight (Figure 6.4-14). On the other hand, relative station
diff er ences were more definite using combined total weight. For example,
Lowe r Salt Creek, Control, and Davis Island were consistently lower than
Thermal marshes or neighboring sites. Mean total weights at Control and
Thermal Stations covaried but the latter had greater weights in 9 of IO cases.
Stations were significantly different in most months (Figure 6.4-26).

The total (live plus dead) Spartina density network is the same as Figure
6.4-16 except that Midway and Thumb Island became similar. Adding counts of
ot he r dead shoots was unimportant; thus, total density i s as useful as total
stand ing crop. A breakdown by time (Figure 6.4-27) indi cates that seasonality
patterns differed when dead shoots were considered (compare Figur e 6.4-17).
Over a l l , strong seasonality would not be expected i n total shoot density, but
diffe r ences between s t a t i ons would be consider ed meaningfu l i ndic es of marsh
condi tion .

Seasona l trend s of tot a l Soartina densi t y at a ll stations are gi ven in Figure
6.4-28 . Mean t otal weights rose at a l l stations but Dav i s I s land to t heir
respective stat ion maxima from December t o March and then fell . Relative to
Thumb I sland, Cont r ol and Fence Sta t ioos had cons i stent l y h igher total
wei ght s. Control and Thermal Stations covari ed , but Therma l was a lways higher
( Fi gur e 6.4-29) .
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Station Summary

Upper Salt Creek is like Davis Island relative to live and total standing crop
of Spar tina but unlike other stations. It was different than the Control
Station, for reasons unrelated to the thermal discharge ': wher e Spartina
variables were concerned. '

Live weigh t at Lower Salt Creek was similar to, but usually lower than, at
Upper Sal t Creek. Density was simi l ar to that at Control Station and Midway.
Lower Salt Creek Spartina mars hes are more us e f ul t han Upper Salt Cr eek as
control s but are not very similar to marshes a t Control. No thermal eff ect s
wer e evident beyond the natural influence of the Crys t al Ri ver .

The Control was s imi l ar to its ne ighbors r e l a tive to l ive plant density but
di f fer ed from all nor t he r n stat ions re13tive t o standing crop. Control had
less dead material than Thermal . Dens ity patterns in t ime were regular but
values were lower than those at any northern station exce pt Davis Island .
Marsh heights in J une 1983 were l ow bu t much higher t han thermal marshes (p
gr~ater t han .001). Flowe r ing was typical. This s ite is an imperfect control
f or phys i cal reas ons; however , it more closely r es embles the Therma l Stat i on
than ei the r Salt Cr eek St ation; and it is not af f ec t ed by heated effluent.
Use of Control as a control for Spar tina assessments is therefore warranted
but can be suppl ement ed by data from stations nor th of the discharge canal.

Midway was unlike southern stations and Davis Island relative to live standing
crop but similar to other northern stations. Mean live densities wer e like
southern stations. Seasonally, weights a t Midway were very similar to weights
at the Thermal Station, whereas densities were comparable to values at the
Control Station. Midway res embled controls in some regards and the Therma l
Station in others. Overall i t was a transitional Spartina marsh with definite
affinities t o the Thermal St ation.

The Thermal Station, was like its neighbors in s tanding crop but unlike mor e
dis tant s tations . It was like Fence for live plant dens ity but sign i fi cant ly
di f f er ent t han all ot her s ites, and i t had higher dens i t i es t hr ough the s tudy
period than all ot her stations wi th the exception of Fence in 1984 . Mars h
height and speci f ic ahoot weigh t were lower than any other s ta tion , as was
speci fic shoot weight. Fl owering began during the same pe r i od 8S Spa r tina at
Contro l St ations but l as t ed into January 1985. Ot herwise, Therma l Station
Spartina da ta were rarely intermediate. Means wer e usually extreme relative
to other stations, and the overall placement of Thermal Station Spartina
marshes at the upper end of marshes on a gradient of thermal response is
justified.

Thumb Island Soartina marshes resembled Thermal marshes in terms of live
standing crop, but densities were always lower, usually between mean counts at
Control and Thermal. The marsh was significantly t aller than thermal marshes.
Flowering was prolonged into December and peaked about 6 weeks later than
controls. Standing crop at Thumb Island was like that at Midway and Fence.
Overall, the Thumb Island marsh was definitely related to the marsh at
Thermal; and was different than the controls.

Fence was also different in standing crop from Control and Davis Island and
different in density from all sites but Thermal. Seasonal changes in density
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were more similar t o change s a t The rmal than a t any othe r station. Marsh
he i ght was above average but s pecific s hoot we ight vas below av erage, like t he
Thermal Stat i on . Flowering was lim i t ed to one ep isode in December , like
mars hes at Midway . Fen ce had surprising a f finities to The rma l , in s ome cas es
more so than Thumb I s l and , and is the farthes t stat i on from The rmal with
evidence of t he rmal in fl uence .

Davis I s l and was the northernm ost s i t e and closes t t o the inf luences of the
barge canal and Withlacooche e River. Wh i l e differ en t in a l l respects from
southe r n s tat i ons , inc luding cont r ols, it is an ac cur a te re pres entat ive of
low salini ty, nontherma1 marshes and he lped to a l i gn Fenc e with the Thermal
Station .

J uncus Trends and Patterns

Two way ana lyses of va r iance wer e conduc t ed using live stand ing crop and live
plant dens ity as dependent variab l e s and time and station as inde pendent
variabl es . The ana l yses were performed using all dat a for J uncus only in
Juncus mar s he s and again f or Juncus and Spar t i na combined, whe r e t hey occurred
togethe r in Juncus marshes. Sampling periods and stations cont ributed
significantly to obs erved va r i ance i n all analyses of live data and s ome of
the combined data bas es (Tabl e 6.4-7 ) . Cons equen tly, network diagrams were
made for d i fferences at 0 .05 probability level, using Tukey ' s Standardized
Ran ge Test .

Live Standing Crop

Figure 6.4-30 illustrates stati on d ifferences f or data compiled across all
sampl i ng periods. For the s tudy as a who l e , live J uncus we i gh t s at Control
and Thermal Sta tions were s i gnifican tly differ ent t han one another and all
other s tations . Midway was like Thumb Island and Fence among centrally
located s t a t i ons , and Sal t Cr eek Stations wer e a l i ke among di s t an t l y l ocated
sites. Overall , stat i ons were more similar for Junc us l i ve weigh t t han f or
Spa r tina live weight. There were no s igni f icant d i fferences i n live J unCU8
weight between sampling periods (ave r aged across stat ions), implying a l ack
of seasona l ity i n this parameter . Scrut iny of Figure 6.4-31 r ev eals t ha t
seasonali ty i s not strong but that weights at Upper and Lower Sal t Creek and
Control were l ow in winter, weigh t s at Midway, Thermal, and Thumb Island wer e
relatively constant after September, and weights a t Fence pe aked in wi nter .
There was considerable overlap of meane and variances, but Control and Thermal
Stations bracketed most station data as the respective maxima and minima
(e . g . , other station data were intermediate). Patterns of Juncus live weight
therefore differ completely from Spartina pa t t erns by lacking seasonality and
by the co ntrol weights for JunCU8 e xceeding thermal we ights , wher eas thermal
Spartina outweighs its cont r ol (compar e to Figur e 6.4-14).

About one i n t wo sites within J uncus mar shes a t the 8 atations wer e i ntermixed
with varying amount s of Spart i na. Ana l ys es were repeat ed using Spart i na
weights to assess t he i r effect on the outcome of s ta t i on comparisons ( Figure
6.4-32). Effects were significant, unlike the ca s e ~here Juncus was added to
Spartina. Midway became different from a l l stations excep t Thermal and Thumb
Island, and Thennal became s i mil ar to neighboring stations . Mor eover,
several d ifferences between sampling periods bec ame significan t (Figur e 6.4
33) . 0 PP08 i t e times in t he growing season di ffered , a I though overa11

6-62



seasonality was not enhanced (Figure 6.4-34). Although comparisons of live
standing crop in Juncus marshes near Crystal River were affected by the
inclusion of other species, overall relationships were less affected. For
example, Figure 6.4-35 illustrates mean live standing crop of all species at
Control Station and Thermal Station. Compared to Figure 6.4-34, (a) Control
was still greater than Thermal; (b) their covariance was the same; and (c)
several mean differences were significant.

Live Shoot Density

Both time and station were significant as independent variables in the
analysis of shoot density (Table 6.4-7). Figure 6.4-36 illustrates station
differences for data compiled across all sampling periods. As in 'the case of
Spar tina density, the network is different than Figure 6.4-30, meaning that
weight and density were separate indices of condition. The data indicate a
gradient in shoot density since as control stations differ from Thumb Island,
Fence, and Davis Island but not one another, and all neighboring stations were
alike. Stations were more alike with regard to Juneua density than Spartina
density (Figure 6.4-16).

The network of live density means during each period (stations combined) is
shown in Figure 6.4-37 and illustrates that May and June 1984 differed from
1983 but that seasonality in shoot densi ty was not pronounced. In fact,
densities at all stations were aseasonal but trended upward into 1984,
accounting for the distinction in May-June of that year (Figure 6.4-38). The
suggestion of latitudinal gradients in live density was confirmed by Figure
6.4-38 because southern stations had consistently higher counts than northern
ones and central stations had intermediate counts.

Addition of Spartina densities to Juncua densities affected station and time
networks (Figure 6.4-39 and 6.4-40, respectively) but had negligible effects
on trends depicted in Figure 6.4-38. Addition of Spartina made stations
between Midway and the Fence more di9tinctiv~ but the apparent difference of
Control and Thermal Station must be regarded as an artifact (Figure 6.4-41).
Spartina counts reversed the network of differences between time periods,
which was consistent with the high densities of Spartina at the end of the
growing season. Overall, data indicate a latitudinal gradient in Juneus shoot
density compared to a gradient in Spartina density which corresponds to the
thermal gradient between stations. Addition of Spartina counts distinguishes
central Juneua stations from distant ones for reasons attributable to
Spartina seasonality.

Marsh Height

At least 100 shoots were collected from each station in June 1984 and
measured. Results are shown in Figure 6.4-42. The inset shows that all but 4
comparisons were significantly different. Live Juneus at Thermal was
signific~ntly shorter than at all other marshes. Thumb Island was similar to
Midway and both were similar to Salt Creek marshes. Relative to Thermal,
there was a trend both north and south of increasing height to a maximum,
followed by lower marshes. Midway and Thumb Island were transitional between
Thermal and distant stations. In these respects the height of Juncua marsh
was related better to distance from Thermal than Spartina marsh heights.
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Shoot \.leigh",

Because mean Juncus height in June 1984 was s i gn i l C. V.:t'l::' ~~ d i f f er en t , weight
and densi ty data were used to assess variad on 1.0 we i :ghi per unit length
(Tabl e 6.4-8). Hean weight per centimeter of live .J unc~s shoot ranged from
(0.015 to 0.021 g), a smaller amount than observed for Spar tina . As expec t ed ,
ranking of stations by shoot weight and standardized shoot weight did not
cause large differences . Shoot weight in Juncua does not need standardizing
to compare stations, as was done in Figure 6.4-43. As in Figure 6.4-34 ( live
standing crop), Control and Thermal bracketed most other data . Midway and
Thumb Island were clearly intermediate, Bnd Fence covaried as Thermal but was
more like Control than othe r stations. This condi tion index indicates
affinity of Thermal to its near est neighbors (Midway and Thumb I sland) but not
to Fence or the Control .

Repr oduc tion

The incidence of f lowering was cont i nua l at low levels in control marshes and
at Fence and Davis Island. Flowering at the Thermal Station was low and
limited to May-June, with no flowering from July-March. Midway flowered in
September and May a t low levels and Thumb Island flowered until September
(Figure 6.4-44) . Overall, Juncus flowered more often but at lower levels than
Spartina.

Live and Dead St andi ng Cro p and Density

Standing crop of de ad J unc us was lowest i n December and highest in January
February with a gr adua l decline during the growing season . Standing crop of
dead Junc us fol lowed t he same pat tern as Spar t i na de ad we i ght (Figur e 6.4-2 3) ,
but to t a l r ange and monthly changes wer e considerably les s for .Juncus ,
Betveen s t at i on differ ences in dead Juncus standing crop were l ov.

Two way ANOVA wer e mad e on total stand i ng crop and den s ity of Juncus, both
wi t h and without i nt e rmixed species (Table 6. 4 -7 ). Time was not a signif ican t
source of variance for total standing crop o f .Juncua , This resul t i s
consi s tent with the non-seasonal aspect of l ive standi ng crop, and differs
from Spar t i na f or the same reason. Add i t ion of dead weigh ts did af f ect Juncua
station d i f f erences whereas Spar t i na networ ks were unaffec ted.

Station differences ar e given in Figur e 6.4-45, which resembles Figure 6.4- 30
except for the distinction of Davis I sland. Comparing Figure 6.4-46 to Figure
6.4-31 reveals a dampening of s tation variation by the addition of dead
weights but maintenance of each station's relation to other stations .
Overall, station relationships wer e not affected by consideration of dead
material. .

Station differences were affected by addition of Spartina total weights,
which was an expected result gi ven the degree of intermixing (Figure 6.4-47).
This ne~ork depicts station similarity for total standing erop of intermixed
marshes. Midway, Thermal and Thumb Island Stations were similar to one
another but unlike more distant stations. The nat ure of this difference is
illustrated in Figure 6.4-48. Total combined standing crop of Juneus marshes
was significantly greater at t he Control Station than at the Thermal Station
dur i ng the 1983 and 1984 gro~ng s easons, even ~hen intermixing by Spartina
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was considered. Thermal enhancement of intermixed Spartina did not offset the
thermal reduction of Juncus standing cr op _

The total (live + dead) Juncus density network is the same as Figure 6. 4-36
except that Midway differs from Thumb Island, and Gontrol differs from Thermal
Station. In all but one period, Control Station density was greater than
Thermal Station density (Figure 6.4-49). Thumb Island had lower total shoot
density than the Thermal Station, but the fact that Davis Island also had
lower shoot density provides evidence for the latitudinal gradient described
earlier. Comparison of Figures 6.4-38 and 6.4-49 also points out the role of
dead Juncua in establishing a seasonal cycle in shoot abundance, with maxima
in summer and minima in December and January. It follows from these findings
that total shoot density was a meaningful index of Juncua marsh condition;
that station differences occurred; and that, relative to thermal effects,
total density was lower at stat ions nearer the discharge cana l than at more
distant stations.

Station Summary

Upper Salt Creek resembled most stations in live standing crop and densities
of Juncua, but not the Control or Thermal Stations. It also differed from
Thermal , but not Control, with respect to live standing crop and densities .
Marsh height was average and flowering was typical. Intermixing was common in
Upper Salt Creek so combined Juncua and Spartina data were above average .
Overall, Upper Salt Creek was a vigorous Juncus marsh more . similar to Lower
Salt Creek than to Control, but it could be compared to Davis Island, where
salinities were also low.

Lower Salt Creek was like Upper Salt Creek for live weight and like the other
controls for density. It was consistently different than Thermal and Thumb
Island relative to these parameters Lower Sal t Creek had tall Juneua and
typical f l ower i ng , and was structurally more like nor thern stations than
Control Station.

Control was s ignificantly different f r om northern stat ions with regard to al l
measures of standing crop and uaually bracketed standing crop at other
stations as an upper limit. Standing crop but not density was significantly
greater at Control than Thermal during the growing season. Marsh height and
shoot weight were above average and flowering was typical.

Midway was like Thumb Is land with respect to all measures of standi ng cr op bu t
had hi gher values than t he Thermal Stat ion , at times s ignificantly so . It was
usually different than Control and the Fence Station. In both weight and
dens i ty, Midway was average, between Control and Thermal. The marsh was
shorter than at Control but taller than at Thermal; it was not significantly
different in height than Thumb Island. It was also intermediate between
Control and Thermal with respect to shoot weight and the cessation of
flowering in 1983. Overall, Midway was a thermally affected station r elative
to structural measures of condition in Juneus, but was affected less than
Thumb Island when both were compared to the Thermal Station.

The Therma l Station di ffered from Upper and Lower Salt Creek and Con t ro l in
roost compari sons and from at least two of the si tes in all compari sons. The
significa nce of i ts diff er ences f r om neighbori ng stations depended upon
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whether dead Juncus and Spartina was included. Standing crop differed most
from Control during the growing season. Marsh height and shoot density were
lower at Thermal than at any other station and flowering was reduced to the
greatest extent. Conditions at the Thermal Station were extreme in all
comparisons and must be attributed to the influence of thermal enrichment.

Thumb Island always differed from Control. With respect to standing crop and
density, it was like Thermal and often covaried in the same manner. The
affinity of Thumb Island to Fence depended on whether dead material or any
Spartina was included. JunCUB height was lower at Thumb Island than at any
other station but the Thermal Station, and flowering patterns resembled those
at Midway. Overall, conditions in Juncus ' a t Thumb Island resembled
conditions at the Thermal Station more than at any other station, and the
station should be included as a thermally influenced station. .

The Fence differed significantly from the Thermal Station relative to any form
of standing crop. Values of standing crop were lower than values at Control,
and Fence differed from Control in density when Spartina was excluded. Weight
trends at Fence were out of phase with other stations and density trends were
more erratic than average. Marsh height and shoot weight at the Fence were
higher than elsewhere; flowering was typical.

Davis Island bore no consistent relationship to any station for standing crop
but was lower than average or lowest in shoot density. Perhaps the most
interesting feature of Davis Island was its similarity to Thermal, Thumb
Island, and Fence Stations and difference from controls or midway when only
Juncus was considered, and the reverse (similarity to controls) when Spartina
was added to the comparison. This result was due to intermixing in Juncus
marshes north of the intake canal and the complicating influence of the
Withlacoochee River.

Burrow Density Trends and Patterns ·

An analysis of variance was performed on burrow density data for all stations
and sampling periods (Table 6.4-9). Time, station, marsh type and live weight
of plant material were significant sources of varia~on in burrow densities.
Average burrow density in Juncus marshes was ~58/m (N· 948) compared to
burrow density in Spartina marshes of 139/m (N - 947). Because this
difference was highly significant, the remaining data are presented for
Spartina and Juncus separately. The network of significant differences
between overall station means is shown in Figure 6.4-50. The Thermal Station
was different than distant stations, other than the Control. Thumb Island was
different from all stations but the Thermal Station. Trends through time
showed more definite patterns (Figure 6.4-51), Samples taken in 1983 differed
from one another and from 1984 samples, whereas 1984 samples were similar to
one another but different from those taken in 1983. This pattern suggests a
seasonal trend in which changes through time were more rapid in 1983 than in
1984. As Figure 6.4-52 illustrates, seasonality was pronounced for burrow
densities in Spartina marshes. Overall, density increased through the
Spartina growing season and peaked in October when sea level was highest.
Average densities were lowest from December to February and trended gradually
upward in most cases, accounting for the pattern depicted in Figure 6.4-51.
Compared to the Thermal Station, Midway and Thumb Island were most similar.
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Station differences i n Juneua marshes are de pic t ed in Figure 6. 4-53 and ve ry
c l osely r esemb le the ne t wor k s hown in Figure 6.4-50, except that the Therma l
Station became different t han the Cont r o l Stat ion , and Midway differed f rom
the Fence. Burrow densities varied between stations in a manner not dependent
upon marsh type. Comparison of Figures 6.4-54 and 6.4-51, which Figure 6.4-54
resembles in ess en t i a l elements, l eads t o the conclus ion that seas onal
pa t ter ns in burrow density were also independen t of marsh type. As i n Figure
6.4-51, 1983 samples in Figure 6. 4-54 differ from one another and from 1984
periods, whereas 1984 sampling times are like one another but different than
1983 sampling periods. Seasonality suggested by Figure 6.4-54 is
demonstrated in Figure 6.4-55. Figure 6.4-55 and 6 .4-52 ar e s i mila r insofar
as maximum densities occur r ed i n October and minimum densities oc curred in
J anuar y . The rate of den sity i nc reas es during the f i rst half of 1984 was
greater in Juncus marshes than in Spartina mars hes , Thumb Island and the
Fence exhibited a close covariance i n Juncus marshes, and both had higher
dens i t i es for most pe riods relative to the Thermal Station. Thus, bur r ow
densi t i es and Juncus marshes a t Thumb Island and the Fenc e showed a grea t er
r es pons e r elative t o the Therma l St a tion t han did burrow dens it i es i n Spa r t i na
marshes at thos e two s t a tions . Dis tant s t a t ions had l ow burr ow dens it ies
compar ed to the Thermal Station, and Lower Salt Creek and Control had average
densities with reduced seasonality.

Ove r al l, burrow densities in Juncug t'I'.U1rshes wer e be tt er i ndica tor s of sta t i on
differences than burrow densities in Spartina mar s hes . Elevation and the
pattern of burrow seasonal ity in Juncua marshes is attributed to annual
variation in sea level Which affects the Juncus marshes considerably more than
Spar t i na marshes growing at l ower elevation. Station differences in burrow
dens i t y wi thin Juncus ma r shes can be i n t e r preted rela t ive t o t herma l effec t s
with greater conf idence due i n part to the t i dal sorting o f thermal loads. No
useful patterns were fo und i n plots of Spartina or Juncus live s t anding cr op
aga i ns t burrow count when station means or means per sampling periods were
us ed , except f or an affini ty in the covariance of l ive Spartina we ights an d
bur row co unt be tween the Thermal an d Thumb I s l and Stat ions. and betwe en Midwav
and the Fence r e lative t o Upper and Lower Salt Creek and Davis Island. '

Li t tor i na Density Patterns and Trends

Littor i na density da t a are s umma r i zed in Table 6.4-10 . Per iwinkles were mor e
abund an t in Spar tina marshes than Juncus marshes, and the Fence Spartina marsh
supported ver y high densities t hroughout the year. In the Spart ina mar s hes ,
Mi dway had above aver age densit i es and Thermal densit ies were below ave r age ,
like Lower Sal t Creek . Mean dens i ties for Midway, Therma l , and Thumb Island
St a t ions wer e greater than means for Salt Creek and Cont r ol Stat i ons i n every
qua r t er but spring 1984. Overall, thermal ly rela ted e f fects on Littor ina
densi t y in Spartina marshes were erratic and stimulatory i f present a t a l l.

Li t tor i na dens ity i n Juncus marshes was cons i derabl y lower than in Spart i na
ma r shes except at Thumb Island. Fence Juncus had very few periwi nkl es, i n
cont r as t to high dens ities i n Spartina marshes at t ha t station. Mean dens i ty
of Li t t orina in southern stations wsa not s i gnific an t ly gr eater than
densi ti es at stat ions with ot her ind i cat i ons of thermal influence.
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Epi fl ora Patterns and Trend

Too f ew shoot s of either marsh species were collected for meaningful
intepretation, other than to mention that no algae were reported from thermal
or Thumb Is l and Stations. The shore1 Lne between Thermal and Fence Stations
was inspected in June 1984 for evidence of macroflora. None was found south
of the Fence. The only attached epiflora found in this segment was
filamentous blue-green algae. Information on epiphytes within the marsh
interior was not co llected.

6. 4 .3 Impact Assessment

I ntroduc tion

Stud i es conduc t ed both before and af ter cons t r uc t ion of Uni t 3 a t Crys t al
River have demons trated l ong term differences in the structure of Spart i na and
J uncus mars hes near the point of discharge and at a site south of the intake
canal. In studies conducted between 1974 and 1981, the relationship of marsh
structure and productivity was documented, and monitoring programs thereafter
focused on trends and patterns of particular structural features shown to be
useful measures of marsh condition.

The historical Thermal and Control Sites differ with regard t o exposure and
s a l i nity and probably elevation. New stations in Salt Creek do not
appr eci ably resemble Control and will not be cons idered further. Stations
betwe en Midway and Fence represent approximately comparable marshes along a
gr adient of t emper atur e and salinity. Davis I sland was within the r egular
i nfluence of the Withlacoochee River.

Therma l da ta generat ed i n this study for t emper at ur es in the salt mars h
represent the firs t s uch information s ince operati on of Uni t 3. Plume effect s
were eviden t i n wint er and in summer. Winter temperatures at Thermal , Thumb
Island, and Fence Stations were different than control temperatures. In the
summer, t emperatures at Midway, Thermal, and Thumb Island Stations were above
background l evels. Thus, possible thermal effects were evaluated at Midway,
Thermal, Thumb Island, and Fence.

Spar tina

Da t a from Mi dway, Thumb I s l and , and t he Fence St ati ons were compared t o t he
Thermal St a t i on with r espect. to stan ding crop, dens i ty, height , s hoot wei ght,
and fl ower i ng (Table 6.4-11) . Midwa y resemb l ed the Thermal Station and
differed from control s t ations with r egar d t o standing crop and flowering
patterns . Thumb I sland s tanding c rop and f lower i ng wer e affected t he same
way, but values of live dens i ty and s hoot weight were transiti ona l between
those of the Thermal Station and t hos e at control stations. It i s i nt eresting
that Fence marsh heights showed no effect and in this respect were sim ilar t o
Midway and Thumb Island, but other parameters resembled the Thermal Station
more than Thumb Island. Fence Juncus marshes did not exhibit similarities to
Thermal marshes equa l to those in Spartina.

Studies in Spa r t i na marshes north of the intake canal r evea l similar i ties
among Therma l and ad jacent stat i ons . Ef f ects were noticeable mor e t o t he
north at Thumb I s l and and the Fence than to the south at Midway. The linear
shoreline af f ect ed by thermal effluent extends northward to a point near the
Fence, on Luttrell Island.



Juncus

Relative to the Thermal Station, Midway standing crop was different with
regard to trends but the values were similar (Table 6.4-11). Live densiti es
at Midway were transitional between Control and Thermal Stations, but total
densi t ies were higher t ha n t hose at t he Thermal St at i on. Marsh height was low
and, shoot weight was higher than at the Thermal Stat i on, but trends t hrough
t ime were synchronous . Flowering was reduced , s imilar to that at Thumb
Island. Thumb Island had a live standing c r op t rend similar t o that at the
Thermal Station in 1983. Total densi t y was not like that at the Control
Station. Marsh height waa low and int ermediat e be t ween t hat at Thermal and
Fence Stations. Flowering was reduced, not as much as at the Thermal Station
but similar t o that observed a t Midway. Fence live s tanding cro p was high,
not at all l ike t hat at the Thermal Station. Live densi ti es at Fence were
like that at Thumb I s l and and Davis Island, whereas t o t a l dens i t i es were
similar to Thumb I sland and l ower than Thermal.

Reference was made i n preceding sect ions t o t he apparen t grad ient i n live
shoot dens iti es within Juncus marshes which corres ponded to a latitudinal
gradient . No differ ence i n this parameter other than the l atitudinal gradien t
could be detected. Compar i s ons swmnarized by Table 6. 4- 11 were baaed on t otal
densi t i es . Overall, Juncua marshes at the Thermal Station exhibited
struc t ur a l char ac t eristics consistent with t hose observed i n previ ous
stud ies , and the Thermal Station is theref ore clas s ified as a t hermally
affected s t a tion . Flowering in Juncus marshes at Mi dway was affected , and i n
this r egard t he Juncus and Spartina marshes ther e were s imilar. Ot her
parameters for Juncus varied inconsistently with Spartina parameters , but i t
appears t ha t Midway was thermally affected.

Juncus marshes at Thumb I s l and closely r es embl ed those at the Thermal Station,
whereas marshes at the Fence exhibited no thermal ef f ec t s . Juncua marshes at
Midway, therefore, are intermediate in terms of thermal impact between Thumb
Island and the Fence. Thumb Island structural features all showed similarity
to t hose at t he Thermal Station, although the extent of standing crop response
was not as great. In contrast, no similari ties i n s tanding crop, height,
shoot weight, or f l ower i ng could be seen at the Fence and only total densities
seemed affected. Overall, Fence Juneua marshes did not seem affected by
t herma l effluent.

El evation di ffer ences i n Spartina and Juneua marshes at the Fence may be
r espons i bl e for the di fferential results of t his study . Spartina marshes are
expos ed t o the wa t er col umn for a longer per i od of t ime than the higher Juncus
mar she s . Since hea t ed waters accumulate i n the northern por tion of Crys t a l
Bay and move northward on flood t ides , it i s possible that Spartina mars hes at
Fence wer e aff ected di ff erently than Junc us marshes . The same explana tion
would not apply to effects observed in t he Spart i na mar s hes of Thumb Island .
The evidence generated by this study f or s tructural f eatures of J uneua marshes
is cons i s t ent wi th the fi nding f or Spart i na mars hes t ha t thermal effects are
evident a t Midway i n Rocky Cove . J unc ua mars hes a t Thumb Island were
def i ni t e l y af f ec t ed , but the t r ans i t i on be tween a f f ec t ed and unaffected
marshes is located between Thumb I sland and Luttrel l Island. This delineation
of impact applies onl y to t he marshes fringing the coast and not to the marsh
i nt erior .
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TABLE 6 . 4-1

SALT MARSH STATION DESCRIPTION

_ _" _._._A_,,

Stat ion Nam e

Approx . El evation Thi ckne s s
of Mar s h Floor of Avg . Summer

em above MLW Marsh Floor, Ht, em
Asp~ct Spartina J uncus In Hor izon* Spartina J uncua

1 Uppe r Sa l t Cree k She l t a r ed well -scoured creek , stee p 118 116 1. 5(.:!:O. 9) 135
0 88 140

banks; near h ansn ocka

2 Lower Sal t Cree k Sparti na sites expos ed , Juncuo 49 82 1. O( +0.3 ) 140
0 91 140

shel tered; mild banks , much
Dist i ch lis.

3 Con t r o 1 Shelte r ed to north by intake cana l 106 122 l. O(.:!:O . 3 ) 180 0 82 171
levee , exposed to wes t ; .dr if t al ga e
seas on a l l y abundant.

4 Midw a y Shelte r ed by intake & dischar ge 67 118 1. S(.:!:0.S) 170
0 98 143

cana l l evee.s j re l i.ef aff ect ed by
his t or i cal filli ng. Deepl y
incis ed c r ee ks .

5 Therma l Similar to Station l, s he l tared to 76 88 1.l(.:!:l. 0) 1800 79 134
south by dischar ge ca na l levee, mil d
reli ef on open s hore ; st eep cree k
banks •

6 Thumb Island Sheltered by Thumb Isl a nd; low 79 76 O.7(.:!:O.2) 180 0 88 140
r elief ac roaa d i ee ec t ed mar s h.

7 Fence Shelte r ed but s ubject to tidal 85 79 L 3 (.:!:O. 8) 1800
88 171

c u r rents; some sites on a dee p
c r ee k ; hammocks nearby.

8 Davis Ls l and Shel t e r ed , wi t h st ee p to gent l y 94 88 L 4 (.:!:O. 6) 1650 ·10 7 171
slop i ng banks; hammocks nearby.

*Hori zon r e f e r s to the solar ar c be twe en 090
0

and 270°, an es t i ma t e of r elative insolation potent ial .



Tab1e 6. 4- 2 r·1ean wa ter t empera ture at 51 ad hi gh tide for the peri ad
August 5- Sept ember 5 , 1983 at Crystal Riv er Salt ~1arsh

Control and Thermal Si tes . Da ta are DC .

Control Thermal N---_..- ... - --- - - - - <

Days 2H.3 + 3.5 3~ .3 + 1. 9 28-

Ni ght s ?? .n ,I 1.4 32 . 9 + 1. 7 2B

All t i mes 25 . 0 -l 'l. 9 23.6 + 1.9 56- -



Table G. ti -J. Nean wa t er temper a tu re at s l ack hiq'r, \w.5:te r ne..:'v " Crys tal Ri ver ,
1\1l911 S L (, - 15 , 1983 .

Va lue DC_ _ _ •• _:.:1__

3 4
S:ontroL_}~i(h'lay

5 6 7 8
Thermal Thumb I sl and Fence Davi s Is l and

Day t'lean

Sd

N

Night Neall

Sd

N

OVCI"a11 ~1e il n

Sd

14

2B. l

3 . 1

10

23.8

1.5
10

25. 9

3.2

20

29.3

2. 1

10

24.9

1..1

10

27. 1

2. 8

10

33. 9

1.8

10

33.3

0. 7

10

33.6

1.4

20

32. 4

3. 7

10

23 . 6

1. 6

10

28. 0

5. 3

20

28 .4

2.8

10

24. 5

2.3

10

26. 5

3. 2

20

28 . 0

0.9

10

25.0

1. 7

10

26. 5

2.0

20



Table 6.4-4 The nnal churac ter i s t i cs of salt marsh ·:,t a t i ons .

Temper a t ure

Hin te r
Stat ion {pecembe r - Feb rua r·y )

1. Upper Salt Creek >1 4 .0

2. Lower Salt Creek >14.0

3. Cont r ol 13.5-14.0

4. Hi dway < 16.0

5. Thenna1 >20.0

6 . Thumb Island 18.5-20. 0

7 . Fence 15.5 -16 .5

8 . Da vis I sland -:15 . 5

Range , o_~_

Sunmer
( June-Au9~~1

<30 . 0

<30 .0

<30 .0

<31. 0

32. 5

>31. 5

<30 .0

<30 .0
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Tabl e 6. 4- 6. Shoot we ight and s pecific we~ 'Y "; t o-j ::Spar-t 1.l i:! ' i n
June 1984 . Weights in grams and 'gr"iiIil.sI':".rr ~ es pec t t ve ly .

St a t ion

2

3

4

5

6

7

8

Shoot Speci fic Snoot
~!e l gh t Rank Welght Ra nk

3.8 5 .035 7

3.7 7 "038 6

5.0 2 .055 2

6.2 1 .059 1

2. 9 8 . 033 8

4.7 3 .047 3

3.8 6 .039 - 5

4. 7 4 . 044 4

No t e : shoo t- average weight in grams of individual shoots
s pecific shoot- grams per cent i me t er of shoot
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Table 6.4-8. Shoot wei ght and specific weight of J uncus in June
1984. Weights in grams and grams/em . respectively.

Shoot Speci fi c Shoot
Sta ti on Weight Rank Weigh t Rank

1 2. 2 7 .015 8

2 2. 3 6 .015 7

3 3.2 2 .019 2

4 2. 5 5 .016 5

5 1.9 8 .015 6

6 2.7 4 .018 3

7 3. 6 .021 1

8 2. 8 3 .017 4

No t e : s hoo t - average weight in grams of ind ividual shoots
spec ific shoot- grams pe r cent ime ter of shoot



Table 6.4-9 An al ysi s of Va r i ance for gur row De nsity .

GEtiER;'L LI m::.!'! 11COEl S PRCCEC1.:R E

..•._~'~.._,~~,~,-"',~",----~--

OEPEliDEtlT VAn I.~eL E : ow
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I ~ C ::J EL

fRRC:?

CCi1 RECTEO TOT;'L

OF

il2

1 01 2

le 'FI

SUI I of' SGU:.RES

3~ J 1689 . 5 2 8J e l q 5

IJ uc&Q7 2.cZ7 Z913 7

811 816 2 .35557283

nEAt! SQU:'R E

Ql M9.0 n a9733

26 96. HEl 9 33 38

f V:'LUE

15 .52

rfl > F

0 .00 0 1

ROOT liSE

5 1 . 930 0360 3

R- SQUARE

0. 1I 12 5 S:1

c .v.

'34. 1042

OW I\E:.II

141.L I 7il09 111 2

SQUaCE

rW E
srxrro«
TYPE
TI;OLlVE
n rn. ive
TI IIE.. S T ,HIOH

DF

9
?
1
1
1

63

nP E I SS

16 664 ' 1 . 996752QJ
6 '1.5192 . 'f ~ 9119qq

11.962 8 .75 29905 9
682 0. 924 6 9 65 1

3 307 5.7 33 61870
8ll05:J 9 . 17 114 17 6

F VALUE PR :> f OF

61L 6 6 0. 0001 9
35 .77 0.000 1 1
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2 . 53 0 , l U 9 I
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66 Slin .9772 11 605
5 11376 .5 11511099

17116. 23212453
211 l Ofl . 0526011 ZU

000 51\ 9 .1 711 11176

f VALU E PR > f
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Table 6 .4 - 10. Li t tori na densi ty i n Sparti na and J uncus marshes
near Crys tal Ri ver .

A . ~a rtina

Quar ter 1

I I 1983 5.2

III 1983 6 .0

IV 1983- 1984 1. 7

I 1984 3.6

II 1984 3. 6

Littor ina De nsi ty , No./m2 at Stat ion
2 3 4 5 6-- - -

4. 3 0 6.0 11 .3 3.6

o 0 .6 15.3 0 1.0

o 0 .3 3.6 0 2 .0

0 .6 1 . 0 10. 3 3 .3 0 .6

45.6 0 .6 10.3 0 1.3

7_.._. ._~ -_.-
54 .3

61.6

33 .0

44.8

32. 6

8

4. 3

7.0

3 .0

1. 6

1. 0

B. Ju ncus

Quar t er 1 2 3 4 5 6 7 8- - - - -- ~__ _ N_. ~ "' ..__ - -- - - - - ...•

II 1983 1.0 7.6 0.6 0.6 11.3 2.6 1.0 5. 6

II I 1983 1.0 2 . 3 0 0 . 3 0 0.6 0 8 .0

IV 1983-1984 2.0 1. 6 0 0. 3 1. 6 1.3 0 0. 6

I 1984 2 .0 0.6 1. 3 0. 3 0 .3 0 0 1.0

II 1984 1. 3 1.6 1. 0 1.6 1.3 2. 0 0 0.6



Tillllf' G . ~ - 1 1 " Sumnary of impac t s at Stati ons ~-7.

ST/\TION
76

- - --if"-- - . ..- _.- -S"
I'll ramc let'- -_ . - -_.. .. --_._-- - - -- -

~12 t " t i nn.
St and i n~J Crop

Live Dens i ty

Heigh t

Shoot Heigh t

flowed 119

Thermal Thermal Thermal Thermal

No effect Thermal Transitional Therma l

No ef fec t Thermal No ef fect ~o e ffec t

No ef fec t Therma l Tra ns ft i onal Thermal

Therma l Thetl1131 Thermal Therma l

Ju ncus- - -
Standi 119 Crop No effec t Therma l Tr-ans i ti onal 10 effect

To till Density No e ffec t Thermal Thermal Trans it j ona1

Height Tra nsi t iona 1 Thermal The rmal No eff ect

Shoot Weight Tr ans it i ona1 Therma l Thermal No effect

F1 ower i 119 Thermo1 The rma 1 Thermal No effect

\



Table 6. 4-10 . Li t torina density in Spa r ti na alld Juncus marshes
near Crys'ta 1 Ri ver .

A. Spe r t ina

Littorina Oens i t y , No. /m2 at Station
Quar ter 1 2 3 4 5 6 7 S- - - - - - - -- -~.~- -~-

II 1983 5. 2 4 .3 0 6 .0 11. 3 3. 6 54. 3 4. 3

III 1983 6.0 0 0.6 15.3 a 1.0 61.6 7.0

IV 1983-1984 1.7 0 0.3 3.6 0 2.0 33.0 3 .0

I 1984 3.6 0.6 1.0 10.3 3.3 0.6 44 .8 1.6

II 1984 3.6 45. 6 0. 6 10.3 0 1. 3 32.6 1.0

B. Juncus

Quarte r 1 2 3 4 5 6 7 8_ ..-
~~- --- ,. ~ . - -_._~ --

II 1983 1.0 7.6 0 .6 0.6 11. 3 2.6 1.0 5. 6

III 1983 1. 0 2.3 0 0 .3 0 0 . 6 0 8 .0

IV 1983- 1984 2.0 1.6 0 0 .3 1. 6 1.3 0 0 .6
I 1984 2. 0 0 . 6 1. 3 0.3 0 .3 0 0 1. 0

If 1984 1.3 1.6 1.0 1.6 1.3 2.0 0 0.6



Inb1(' h .1\ - 11. Sumnary 0 f impacts at St a ti ons '1 -7 .

STATION
6

~)~ f ' ti nil_

Standi n~J Crop
live Dens i ty

l lei qht

Shoo t vJeight

fl owed flU

Thermal Thermal Thermal Thermal

No effect Thermal Transit ional Thermal

No effec t Thermal No effect No effect
No effect Thermal Tr a nsit i onal Thermal
Thor ura l Thermal Thermal Therma l

Juncus
Stand i 119 Cro p No effect Thermal Trans it i onal No effec t

Total Density No effec t Thermal Therma l Transit iona l

Hei ght Tra nsit iona1 Thermal Thermal No e ff ec t

Shoot Weight Transitional Thermal Therma l No effect

Flowering Thermal Thennal Thermal No effect
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STATION 1: UPPER SALT CREEK

S = Spar t i na

J = Junc us

D= Site location

0 =Denot es thermoqr a ph

FIGU RE 6.-1 - 2
STl\TION 1
Ml\RSI I SITES

CRY5Tl\L RI VER 316 S TULJ I I':S
FLORIDA PO\'lER CORPOHJi1'i ON



D:: Site location

o = Denotes thermogra ph

.. ~ . .... .

S:: Spar I ina

J :: Juncus

N

STATION 2: LOWER SALT CREEK

..... ..,..""'"":' ~-~.~".............. .""~_.. ;W :.ia>;> ,

FIGU RE 6.4-3
S'l'ATI ON 2
Ml\RSH SITES
CRYSTAL RIVER 316 STUDIES
FLORI DA POWER CORPORl\TION



D=Site locat ion'

0= Deno t es thermogr a ph

S= Spar t i na

J = JU JICUS

N

STATION 3: CONTROL

....------......-----------~"""'~-,-----------

n GURE 6 . 4 - 4
ST1\'r ION 3
~1J\HSII SI TES
CRYSTAL RI VER 315 STUDI ES
FLORI DA P OWER CORl'OHl\ 'l'TON
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STATION 4: MIDWAY

S =: Spur ti na

J =: dun eus

c=J=: Si t e l ocation

Deno t es t hermograph

FIGURE 6 .4-5

STA'l'10N 4
HARSH SJ'fES

CRYSTAL RI VER 3 16 STUDI ES
FLORIDA POWER CQRPOMTI ON



STATION 5: THERMAL
S = Spa r t i na

J == Juncus

Discharge Canal

:- ..

D=Site loc ation

0:: Dena tes thermograph

P I CURE G.4 - G

STl\T ION 5
Ml\RSIl SITES
CRYSTl\ J, RIV ER 316 ST UD] I·:::;
FLORIDl\ POWE R CORPOHI\T ION

. : :.



N

STATION 6 : THUMB ISLAND

S > Spar t in a

J = JUll CUS

c=J= Si te locat ion

0= Deno t es t hermogra ph

FIGURE 6 .4-7

S'l'J\TION 6
HAHSII SI TES
CRYSTAL R1VE.R 316 STUDIES
FLORIDA POWER CORPORATI ON



STATION 7: THE FENCE

$ = Spur t i na

J :::; Junc us

D=Site l oca t i on

0= Dena tes thermoqr a ph

FlGlJRE 6 .4-8

ST l\T I ON 7
Ml\RSII SITES
CHY~;Tl\ 1. RIVER 3 1 (, S'J'UIl 1ES

"' 1,on1))1\ J' () ~"EH 1'1) 1<1'01\1\' 1" ( IN
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Everett Is land

- ,

STATION 8 : DAVIS ISLAND

S > Spa r t ina

J = ,JIJIICUS

D=Si te Ioc a t ion

0= Deno t es t hermo qr-a ph

!"J GUHE 6 . 4-9

S'!' j\'!' Tl) N n
11J\ IlSI1 ~ ['l'ES

CRYSTAL RIVER 316 STUDIES
[-'LORIDJ\ PO~lER CORPORATION
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STATI ON DIFFERENC ES

FIGURE 6.4-12
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