6.4 SALT MARSH

6.4.1 Sampling and Laboratory Analysis

Eight general areas for salt marsh study were specified in the original 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 in
Table 6.4-1.

Four Juncus roemerianus and four Spartina alterniflora sites were situated at
each station. Depending on local conditions at each station, the four sites
for each species were deployed over different microenvironmental features
such as shoreline vs marsh interior; low vs high marshes; creek bank vs
uniform marsh; and pure stands vs stands intermixed with other marsh species.
Site locations are given in Figures 6.4-2 through 6.4-9.

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

Thickness of peat at marsh stations was measured with a steel reinforcing bar
driven by hand to resistance. At least 10 probes were made at each station.
Data were recorded to the nearest 3 cm. Marsh elevations were estimated by
correlating times and water depths at each marsh station at slack high water
to simultaneous observations made at a sataff gauge at the mouth of the
discharge canal. The gauge is registered to mean low water.

Temperature was recorded continuously in one Juncus site and one Spartina site
in each station, using Peabody Ryan Model J-90 (10-40°C) thermographs. Each
unit was tethered to a concrete block and set on the marsh floor, then
retrieved and replaced on subsequent sampling visits. Details of chart
preparation and processing are given in Section 10.1.1.

All collections were made using 0.25 mz quadrats. Three replicates were
collected at each site. Quadrat frames made of PVC were deployed on the marsh
floor at sampling sites in a checkerboard pattern. All plants were manually
clipped at the surface of the marsh floor and placed in prelabeled bags. At
the field station, plants were rinsed with freshwater, counted, inspected for
flowers or seeds, sorted into live, dead, and miscellaneous fractions, and
bundled with nylon netting. Each batch was labeled, dipped in mildewcide to
arrest respiration and fungal growth, and air-dried. All material from a
single collection was dried further in a solar hot-house equipped with
auxiliary heaters until weight loss was at least 97 percent (as determined by
oven dried subsamples). Batches were unbundled and weighed to the nearest
0.01 gram.

Marsh samples occasionally bore epiphytic algal growth which was scraped from
the shoots and preserved in 15 percent formalin for later inspection. Motile
epifauna were collected when quadrat frames were set and again after plants
were clipped. Animals were placed in prelabled jars containing 15 percent
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formalin in seawater and later identified =nd 2anmerarsd. 'nce a quadrat was
clipped, all burrows in the area covered bv the gusdriec fromes were counted.

A SAS GLM procedure was used to compare shooi <dessities (live and live plus
dead), biomass (live and live plus dead) among statiocms, sampling dates, and
for the station by date interaction. Burrow density and density of Littorina
were compared spatially and temporally including & live weight covariate.
Other covariates were explored as well. Tukey's HSD tests were used to
compare means of station and time period of sampling.

6.4.2 Results

Introduction

This assessment is the fifteenth in a series of reports since 1974 on the
subject of salt marsh thermal structure or response to thermal stress at
Crystal River. Prior reports include Homer (1974), Young (1974), Klausewitz
et al (1974), Florida Power Corporation (1975), Hornbeck (1978), Odum and
Caldwell (1978), Goforth (1979), Goforth and Kosik (1980), Coggins (1980),
Kosik (1981), Odum and Montague (1981), Applied Biology (1982; 1983) and
Knight and Coggins (1982). Past salt marsh studies have produced a
considerable wvolume of data and insight into salt marsh structure,
metabolism, animal use, and response to thermal stress. Data collected in
1983-1984 address the geographical extent and nature of thermal impacts, if
any, on salt marshes in the vicinity of the Crystal River Power Station. The
study also addresses:

(a) The gradient of temperature in marshes related to the thermal
discharge;

(b) Differences in standing crop, plant density, or invertebrate
activity between previous thermal and control stations;

(¢) Trends or patterns for standing crop, plant density or invertebrate
activity at additional statiouns.

Historical data and evaluations of new data will be considered separately for
Spartina alterniflora and Juncus roemerianus. In each case, the evaluation
treats standing crop (live, total), plant densities, lengths, and flowering.
Variables to be considered as measures of invertebrate activity include total
species number, total faunal density, Littorina irrorata density, and burrow

density.

Between 1974-1981, 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. (ABI) studies in 1981, marsh studies have been limited
to structural analyses of plants and invertebrate studies. The ABI studies
and the present investigation were based on the assumption that marsh
structure is a meaningful indicator of marsh .system metabolism or that the
measured parameters are independently useful indicators of envirommental
stress. Knight and Coggins (1982) reviewed four years of post-operational
data and concluded that structural aspects such as shoot density had changed
in thermal marshes in compensation for metabolic adaptations to heat.
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Isclated measurements of marsh structure may be used as indicators of thermal
adaptation as described above, but metabolic estimates cannot be performed
entirely on structural data. On the other hand, marsh structure is useful as
an independent indicator {Oviatt et al 1977).

Four assumptiong of the present study are that stations have been comparable
both between and within studies; that sampling techniques have been
comparable and adequate; and that a gradient of temperature in marshes exists,
but not other factors capable of affecting the marshes. Each assumption is
addressed separately in the following paragraphs.

"Thermal" and "control"” station locations have remained unchanged since the
first postoperational study by Hornbeck (1978). Young (1974) conducted
control measurements at Negro Point south of all postoperational control
sites and also on the west shore of Luttrell Island. All "thermal" stations
in past studies coincide with the Thermal Station, and Control Station is
equivalent to “control” sites used since 1977.

Marshes used as controls for thermal impact comparisons are valid only to the
extent that all other relevant variables are the same as found at the thermal
site. While no two marsh sites can be perfectly comparable, the extent of
differences between them for several factors can be evaluated.

Young (1974) stated that Control and Thermal sites were approximately the same
in elevation and species composition but gave no data. The Thermal Station is
exposed to Crystal Bay and a long northwesterly fetch resulting in moderate
wave c¢limates during winter frontal passages. The Control Station is
sheltered to the northwest by the intake spoil and is exposed to the
relatively quiet west-southwest. These differences are reflected by the
steeper western shoreline at New Rocky Creek than at the Control Station.

Elevations of the Thermal and Control Stations have not been established by
any study to date, but the fact that Rocky Creek has a higher water surface to
marsh ratioc than Cutoff Creek suggests that the thermal marsh is lower. Water
levels were compared in each marsh to the tide staff at the POD.

Mean Elevation, m above MLW

Station Spartina Juncus
Thermal 2.49 2.90
Control 3.45 4,05

Spartina marshes were lower than Juncus by about 15 cm, which is consistent
with findings from several other studies (Daiber and Ganzman 1978). Both
Thermal marshes were lower than the Control counterparts by about 30 cm.
Salinities differ between the Thermal and Control Stations. In Quarters I and
III mean surface salinity at the Control Station was less than 20.0 o/oo0,
compared to mean salinities greater thanm 22.5 o/oco at the Thermal Station.

Six additional stations were sampled in 1983-84. Upper Salt Creek was

completely sheltered, and Midway was protected to the northwest by the
discharge dike. The Fence and Davis Island stations were partially protected.
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Most marshes fronted onto shorelines with wi1d o maderalits 3lope, except Upper
Salt Creek and parts of Davis Island. The mewn <elewation above MLYW of all
Spartina marshes was 0.84 m (+/-0.22 w), abous 0.12 =& Tlower than the mean
Juncus marsh elevation of 0.96 m (+#/-0.22 m). 'The Thermal Station had mean
marsh elevations near the overall means for Spartina and Juncus.

Mean salinities based on quarterly data wvaried from 12.5 o/oo to more than
22.5 o/oo. The Thermal Station had highest mean salinities (greater than 22.5
o/o00). Davis Island had consistently low mean salinity (12.5 ~135.0 o/o0) due
to the influence of the Withlacoochee River. The Thermal Station was a locus
of high salinity surrounded by tiers of decreasing salinity both to the north
and south. Salt Creek stations and Davis Island were sﬁaded by nearby
hammocks. Shading was greatest at Upper Salt Creek.

Overall, Thermal and Control Stations differ with respect to exposure and
salinity and probably elevation. New stations in Salt Creek do not
appreciably resemble the Control, especially due to an abundance of
Distichlis spicata. Stations north of the POD represent approximately
comparable marshes along a pronounced salinity gradient.

Marsh standing crop and shoot dengity have been determined in all pre-and post
operational studies with 0.25 m" quadrats. Young (1974) determined that 9
Spartina and 5 Juncus quadrats maintained a minimum error of 15 perceat about
mean live and dead biomass (95 percent probability), and all subsequent
studies until 1983 used the same sampling effort. Twelve quadrats were used
in Spartina and Juncus marshes for the present study to provide for greater
coverage of microenvirommental differences such as proximity to creeks or
intermixing of other marsh species. Intermixing is very common in marshes of
the region. For the 8 stations in this study, 25 of 32 total Spartina sites
were pure stands, whereas only 14 of 32 total Juncus sites were pure stands.
It is not known whether only pure stands of each species were sampled in
previous studies. Counts and collections of invertebrates have been made by
the same techniques in all studies.

Penetration of the thermal plume into the salt marsh around New Rocky Creek
was demonstrated by Carder (19713 1972) and Homer (1974) for preoperational
conditions. Young (1974) provided the first data on actual marsh temperatures
and reported a 3-6 C increase in the "thermal" site over his Negro Island
"eontrol” site. Young also confirmed reports of 37% temperatures in thermal
marshes during summer. Hornbeck (197?) stated, "Water which flooded the
thermally impacted marshes was 2.6% - 7.2% hlgher than that which flooded the
control marsh'. Apparently, there have been no reports of in situ marsh water
temperatures since 1977, essentially the entire postoperational period.
Thermograph data for 1983-84 illustrate differences in marsh temperature
between Thermal and Control Stations. Figure 6.4-10 is a comparison of mean
daily temperature at the two stations for January 1984. Mean daily
temperature at the thermal site exceeded mean control site temperature for
nearly 75 percent ag the month. The greatest temperature increase between
paired means was 4.5 C. The maan monthiy temperature of the Control marsh for
January 1984 was 13.19¢C (+/-2.1 °C) compared to a monthly Thermal marsh mean of

14.0°C (+/- 3.1%).

Symmer data for both stations were compared for August, the hottest month of
1983, based on temperatures during predicted slack high tides. Data 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. Overall,
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 stability 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. The
Thermal Station was hotter during days, nights and overall than other
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 8°C. Thermal
Station means had low or lowest standard deviations due to moderating effects
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 Juncus marshes
at each station, it is probable that Spartina data accurately reflect thermal
discharge 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 independent
variables. The analyses were performed once using 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 so did
station-time interaction terms (Table 6.4-5). Consequently, pairwise
comparisons of each parameter were made between sampling periods and between
stations using Tukey's studentized range (HSD) test, with alpha = 0.05 and
confidence = 0.95. Results are shown as network diagrams in which aay
stations or times connected by a line were significantly different at the 0.05
level.

Standing Crop

Figure 6.4-12 illustrates station differences for standing crop data compiled
across all sampling periods. For the study as a whole, live weight of
Spartina in Spartina marsh at Lower Salt Creek was significantly different
than all other stations. The Thermal Station was like Rocky Cove, Thumb
Island, and the Fence, but different than Control Stations and Davis Island.
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Stations from Midway to Fence were alike but genszraiiy different than "end"
stations. Figure 6.4-13 illustrates numerous differeaces between sampling
periods for standing crop data compiled across all stations. Similarity of
July and September 1983, and January and March 1984 suggest seasonality in
live Spartina standing crop. Very distinct seasonality did occur 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 July 1984
weights were similar but significantly lower than summer 1983. This pattern
was observed 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 than either in 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 Juncus weights added because intermixed marshes
are commonplace near Crystal River. Both time and station were significant as
independent variables (Table 6.4-5), but patterns of similarity were exactly
the same as for Spartina weights alone (Figures 6.4-12 and 6.4~13) except that
Davis Island became similar to Lower Salt Creek and Control. It may be
concluded from these results that Spartina marshes could be treated as either
"pure” or "mixed" stands with regard to live weight. Figure 6.4-15 (combined
live weight at thermal and control stations) illustrates that (a) means at
each station are equal to or slightly greater than their respective
counterparts in Figure 6.4-14 due to addition of live Juncusj (b) standard
deviations are relatively great despite sample size of 12 due to the
intentional effort to sample in different microenviromments at each station:
and (c) live weights at the Thermal Station were significantly greater than at
the Control in some months of 1983 but none in 1984,

Plant Density

In the analysis of plant density, both time 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 simple
consequence 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 similar. The
network of live density means during each period (stations combined) is shown
in Figure 6.4-17. Seasonality in plant density was strongly indicated because
periods at the end of 1983, when the growing season was over, were different
from one another {suggesting rapid change). Seasonality was further
indicated by the affinity of successive periods in 1984, once the new seasonal
density of live plants was established.

Trends in mean live Spartina density are illustrated in Figure 6.4-18. Means
were at their highest in December 1983 and fell to minima in January 1984.
Dengsities were steady in 1984 but trended downward to a level in July not
significantly different than July 1983. The similarity of July means to
January means suggests that baseline densities were established at the onset
of the growing season. The Thermal Station had highest densities and was
paralleled more closely by the Fence than other stations. Midway and Thumb
Island had similar trends and their means were intermediate between Control
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and Thermal stations. Salt Creek Stations and Davis Island had typically low
densities of live Spartina.

The addition of live Juncus shoots to Spartina densities did not affect the
results of the ANOVA {Table 6.4-5) and had minor effects on station and time
networks. As in the case of live standing crop, Spartina marshes could be
treated as either "pure" or "mixed" stands with regard to live density.
Figure 6.4-19 (combined live plant and shoot density at Control and Thermal
Stations illustrates that (a) means are the same at Control and slightly more
at Thermal in 1984 than their counterparts in Figure 6.4-18; (b) variances are
not as great as for mean standing crop, meaning that density was affected less
by microenvironmental changes; and (c) plant density at the thermal site was
consistently greater than at the control and was usually significantly
greater.

Marsh Height

At least 100 shoots were measured from each station in June 1984 when standing
crop was high and densities stable (Figures 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. Live Spartina at the Thermal Station was
significantly shorter than neighboring stations or Control. Davis Island was
gsignificantly taller than all other marshes except Midway. Thumb Island and
the Fence were intermediate in height between Thermal and Davis Island.

Shoot Weight

Data on live standing crop and density can be combined to assess shoot weight
if shoot lengths are comparable or if the mean weights per unit length of
shoot are comparable. Because the preceding section showed that mean shoot
lengths were significantly different between stations in June 1984, standing
crop and density data for the same period were used to assess variation of
weights per unit length (Table 6.4-6). Mean weights per centimeter of live
Spartina shoot ranged nearly twofold between means at Thermal and Midway
Stations. The ranking of stations by shoot weight and standard shoot weight
was essentially unchanged, meaning that shoot weight in live Spartina is a
valid condition index and does not need correction for length.

Mean 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
highest in June-July of each year and lowest in January-March 1984. Mean
weights at Control Station were consistently greater than Thermal Station
means. It is evident in comparing Figures 6.4-14 and 6.4-18 that standing
crop affects shoot weights more than density with regard to seasonality but
that density is more important in the relation of Coatrol to Thermal Stations.

Reproduction

The incidence of flowering was seasonal at all Spartina stations except Davis
Island, which had nearly continuous flowering (Figure 6.4-22). Flowering at
the Salt Creek Stations and Control peaked in October. Flowering at the
Thermal Station also peaked in October but continued into 1984, Flowering at
stations near Thermal peaked in December. Overall, flowering peaks differed
on either side of the intake canal and’ marshes near the Thermal Station
flowered later in the year.
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Live and Dead Standing Tirop wad Dewslty

Standing crop of dead Spartina varies sessonally (Figois %.%--23), doubling at
the end of the growing season. More dead Spartipz 'was present at the outset
of the 1984 growing season at the Thermel Statioz <then 2r Control but both
declined through time. Two way ANOVA were performed on tafzl (live plus dead)
standing crop and density of Spartina, both with and without intermixed
species (Table 6.4-5). Time and station were significant as sources of
variance. Total Spartina weight differences were identical to Figure 6.4~13
except that Thermal and Thumb Island Stations were significantly different.
Even when dead weights of other species were added, the only novelty was that
Midway and Thumb Island became dissimilar. Thus, the Spartina marshes under
study varied consistently with respect to standing crop and observed trends
and patterns were the same whether dead tissues or other species were

considered.

A different result is obtained when temporal variation is considered. Figure
6.4-24 is a similarity network for total Spartina weight (and for total weight
of all species) for each sampling period, averaged across stations. Figures
6.4~24 and 6.4~13 differ mostly with regard to summer conditions. Summer live
weights differed from other periods, whereas summer total weights did not, and
neither did weights for January 1984 because of the dead weight carry-over.
Less seasonality can be expected in total weight measurements than live

weight.

Mean total standing crop of Spartina varied as expected at all stations during
the study (Figure 6.4-25). Total weights were greatest at the end of the
growing season and lowest at the start. Annual variation was less definite
than for live weight (Figure 6.4-14). On the other hand, relative station
differences were more definite using combined total weight. For example,
Lower 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 10 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
other dead shoots was unimportant; thus, total density is as useful as total
standing crop. A breakdown by time (Figure 6.4-27) indicates that seasonality
patterns differed when dead shoots were considered (compare Figure 6.4-17).
Overall, strong seasonality would not be expected in total shoot density, but
differences between stations would be considered meaningful indices of marsh

condition.

Seasonal trends of total Spartina density at all stations are given in Figure
6.4-28. Mean total weights rose at all stations but Davis Island to their
respective station maxima from December to March and then fell. Relative to
Thumb Island, Control and Fence Stations had consistently higher total
weights. Control and Thermal Stations covaried, but Thermal was always higher

(Figure 6.4-29).
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Station Summary

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

Live weight at Lower Salt Creek was similar to, but usually lower than, at
Upper Salt Creek. Density was similar to that at Control Station and Midway.
Lower Salt Creek Spartina marshes are more useful than Upper Salt Creek as
controls but are not very similar to marshes at Control. No thermal effects
were evident beyond the natural influence of the Crystal River.

The Control was similar to its neighbors relative to live plant density but
differed from all northern stations relative to standing crop. Control had
less dead material than Thermal. Density patterns in time were regular but
values were lower than those at any northern station except Davis Island.
Marsh heights in June 1983 were low but much higher than thermal marshes (p
greater than .001). Flowering was typical. This site is an imperfect control
for physical reasonsj however, it more closely resembles the Thermal Station
than either Salt Creek Station; and it is not affected by heated effluent.
Use of Control as a control for Spartina assessments is therefore warranted
but can be supplemented by data from stations north 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 were like
southern stations. Seasonally, weights at Midway were very similar to weights
at the Thermal Station, whereas densities were comparable to values at the
Control Station. Midway resembled coantrols in some regards and the Thermal
Station in others. Overall it was a transitional Spartina marsh with definite
affinities to the Thermal Station,

The Thermal Station, was like its neighbors in standing crop but unlike more
distant stations. It was like Fence for live plant density but significantly
different than all other sites, and it had higher densities through the study
period than all other stations with the exception of Fence in 1984, Marsh
height and specific shoot weight were lower than any other station, as was
specific shoot weight. Flowering began during the same period as Spartina at
Control Stations but lasted into January 1985. Otherwise, Thermal Station
Spartina data were rarely intermediate. Means were 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 Spartina marshes regembled 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 taller 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 to changes at Thermal than at any other station. Marsh
height was above average but specific shoot weight was below average, like the
Thermal Station. Flowering was limited to one episode in December, like
marshes at Midway. Fence had surprising affinities to Thermal, in some cases
more so than Thumb Island, and is the farthest station from Thermal with
evidence of thermal influence.

Davis Island was the northernmost site and closest to the influences of the
barge canal and Withlacoochee River. While different in all respects from
southern stations, including controls, it is an accurate representative of
low salinity, nonthermal marshes and helped to align Fence with the Thermal

Station.

Juncus 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 independent
variables. The analyses were performed using all data for Juncus only in
Juncus marshes and again for Juncus and Spartina combined, where they occurred
together in Juncus marshes. Sampling periods and stations contributed
significantly to observed variance in all analyses of live data and some of
the combined data bases (Table 6.4-7). Consequently, network diagrams were
made for differences at 0.05 probability level, using Tukey's Standardized
Range Test.

Live Standing Crop

Figure 6.4-30 illustrates station differences for data compiled across all
sampling periods. For the study as a whole, live Juncus weights at Control
and Thermal Stations were significantly different than one another and all
other stations. Midway was like Thumb Island and Fence among centrally
located stations, and Salt Creek Stations were alike among distantly located
sites. Overall, stations were more similar for Juncus live weight than for
Spartina live weight. There were no significant differences in live Juncus
weight between sampling periods (averaged across stations), implying a lack
of seasonality in this parameter. Scrutiny of Figure 6.4-31 reveals that
seasonality is not strong but that weights at Upper and Lower Salt Creek and
Control were low in winter, weights at Midway, Thermal, and Thumb Island were
relatively constant after September, and weights at Fence peaked in winter.
There was considerable overlap of means 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 patterns by lacking seasonality and
by the control weights for Juncus exceeding thermal weights, whereas thermal
Spartina outweighs its control (compare to Figure 6.4-14).

About one in two sites within Juncus marshes at the 8 stations were intermixed
with varying amounts of Spartina. Analyses were repeated using Spartina
weights to assess their effect on the outcome of station comparisons (Figure
6.4-32). Effects were significant, unlike the case where Juncus was added to
Spartina. Midway became different from all stations except Thermal and Thumb
Island, and Thermal became similar to neighboring stations., Moreover,
several differences between sampling periods became significant (Figure 6.4~
33). Opposite times in the growing season differed, although overall
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seasonality was not enhanced (Figure 6.4=34). Although comparisons of live
standing crop in Juncus marshes near Crystal River were affected by the
inclugsion 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 gignificant as independent variables in the
analysis of shoot demsity (Table 6.4-7). Figure 6.4-36 illustrates station
differences for data compiled across all sampling periods. As in the case of
Spartina 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 Juncus 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 density was not pronounced. In fact,
dengsities 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 Juncus 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 distinctive 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 Juncus shoot
density compared to a gradient in Spartina density which corresponds to the
thermal gradient between stations. Addition of Spartina counts distinguishes
central Juncus 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 Juncus at Thermal was
significantly 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 Juncus marsh
was related better to distance from Thermal than Spartina marsh heights.
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Shoot Weight

Because mean Juncus height in June 1984 was significanti: different, weight
and density data were used to assess variation in weighi per unit length
(Table 6.4-8). Mean weight per centimeter of live Juncus shoot ranged from
(0.015 to 0.021 g), a smaller amount than observed for Spartina. As expected,
ranking of stations by shoot weight and standardized shoot weight did not
cause large differences. Shoot weight in Juncus 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, and Fence covaried as Thermal but was
more like Control than other stations. This condition index indicates
affinity of Thermal to its nearest neighbors (Midway and Thumb Island) but not
to Fence or the Control.

Reproduction

The incidence of flowering was continual at low levels in control marshes and
at Fence and Davis Island. Flowering at the Thermal Statiom was low and
limited to May-June, with no flowering from July-March. Midway flowered in
September and May at 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 Standing Crop and Density

Standing crop of dead Juncus was lowest in December and highest in January-
February with a gradual decline during the growing season. Standing crop of
dead Juncus followed the same pattern as Spartina dead weight (Figure 6.4-23),
but total range and monthly changes were considerably less for Juncus.
Between station differences in dead Juncus standing crop were low.

Two way ANOVA were made on total standing crop and density of Juncus, both
with and without intermixed species (Table 6.4-7). Time was not a significant
source of variance for total standing crop of Juncus. This result is
consistent with the non-seasonal aspect of live standing crop, and differs
from Spartina for the same reason. Addition of dead weights did affect Juncus
station differences whereas Spartina networks were unaffected.

Station differences are given in Figure 6.4-45, which resembles Figure 6.4-30
except for the distinction of Davis Island. Comparing Figure 6.4-46 to Figure
6.4-31 reveals a dampening of station variation by the addition of dead
weights but maintenance of each station's relation to other stations.
Overall, station velationships were not affected by consideration of dead
material.

Station differences were affected by addition of Spartina total weights,
which was an expected result given the degree of intermixing (Figure 6.4-47).
This network depicts station similarity for total standing crop of intermixed
marshes. Midway, Thermal and Thumb Island Stations were similar to one
another but unlike more distant stations. The nature of this difference is
illustrated in Figure 6.4-48. Total combined standing crop of Juncus marshes
was significantly greater at the Control Station than at the Thermal Station
during the 1983 and 1984 growing seasons, even when intermixing by Spartina
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was considered. Thermal enhancement of intermixed Spartina did not offset the
thermal reduction of Juncus standing crop.

The total (live + dead) Juncus density network is the same as Figure 6.4-36
except that Midway differs from Thumb Island, and Control 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 Juncusg 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 Juncus marsh condition;
that station differences occurred; and that, relative to thermal effects,
total density was lower at stations nearer the discharge canal than at more
distant stations.

Station Summary

Upper Salt Creek resembled most stations in live standing crop and densities
of Juncus, 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 Juncus and Spartina data were above average.
Overall, Upper Salt Creek was a vigorous Juncus marsh more sgimilar 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 Salt Creek had tall Juncus and
typical flowering, and was structurally more like northern stations than
Control Station.

Control was significantly different from northern stations with regard to all
measures of standing crop and usually 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 Island with respect to all measures of standing crop but
had higher values than the Thermal Station, at times significantly so. It was
usually different than Control and the Fence Station. In both weight and
density, 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 relative
to structural measures of condition in Juncus, but was affected less than
Thumb Island when both were compared to the Thermal Station.

The Thermal Station differed from Upper and Lower Salt Creek and Control in

most comparisons and from at least two of the sites in all comparisonms. The
significance of its differences from neighboring 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. Juncus 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 -at 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. i

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 variae}on in burrow denmsities.
Average burrow density in Juncus marshes was 558 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 gamples 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 FPigure 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 in Juncus marshes are depicted in Figure 6.4-53 and very
closely resemble the network shown in Figure 6.4-50, except that the Thermal
Station became different than the Control Station, and Midway differed from
"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 essentisl elements, leads to the conclusion that seasonal
patterns in burrow density were also independent of marsh type. As in 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 are similar insofar
as maximum densities occurred in October and minimum densities occurred in
January. The rate of density increases during the first half of 1984 was
greater in Juncus marshes than in Sparting marshes. Thumb Island and the
Fence exhibited a close covariance in Juncus marshes, and both had higher
densities for most periods relative to the Thermal Station. Thus, burrow
densities and Juncus marshes at Thumb Island and the Fence showed a greater
response relative to the Thermal Station than did burrow densities in Spartina
marshes at those two stations. Distant stations had low burrow demsities
compared to the Thermal Station, and Lower Salt Creek and Control had average
densities with reduced seasonality.

Overall, burrow densities in Juncus marshes were better indicators of station
differences than burrow densities in Spartina marshes. Elevation and the
pattern of burrow seasonality in Juncus marshes is attributed to annual
variation in sea level which affects the Juncus marshes considerably more than
Spartina marshes growing at lower elevation. Station differences in burrow
density within Juncus marshes can be interpreted relative to thermal effects
with greater confidence due in part to the tidal sorting of thermal loads. No
useful patterns were found in plots of Spartina or Juncus live standing crop
against burrow count when station means or means per sampling periods were
used, except for an affinity in the covariance of live Spartina weights and
burrow count between the Thermal and Thumb Island Stations, and between Midway
and the Fence relative to Upper and Lower Salt Creek and Davis Island.

Littorina Density Patterns and Trends

Littorina density data are summarized in Table 6.4-10. Periwinkles were more
abundant in Spartina marshes than Juncus marshes, and the Fence Spartina marsh
supported very high densities throughout the year. 1In the Spartina marshes,
Midway had above average densities and Thermal densities were below average,
like Lower Salt Creek. Mean densities for Midway, Thermal, and Thumb Island
Stations were greater than means for Salt Creek and Control Stations in every
quarter but spring 1984. Overall, thermally related effects on Littorina
density in Spartina marshes were erratic and stimulatory if present at all.

Littorina density in Juncus marshes was considerably lower than in Spartina
marshes except at Thumb Isiand. Fence Juncus had very few periwinkles, in
contrast to high densities in Spartina marshes at that station. Mean density
of Littorina in southern stations was not significantly greater than
densities at stations with other indications of thermal influence.
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Epiflora Patterns and Trend

Too few shoots of either marsh species were collected for meaningful
intepretation, other than to mention that no algae were reported from thermal
or Thumb Island Stations. The shoreline 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 sgegment was
filamentous blue-green algae. Information on epiphytes within the marsh
interior was not collected.

6.4.3 Impact Assessment

Introduction

Studies conducted both before and after construction of Unit 3 at Crystal
River have demonstrated long term differences in the structure of Spartina and
Juncus marshes near the point of discharge and st 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 to exposure and
salinity and probably elevation. New stations in Salt Creek do not
appreciably resemble Control and will not be considered further. Stations
between Midway and Fence represent approximately comparable marshes along a
gradient of temperature and salinity. Davis Island was within the regular
influence of the Withlacoochee River.

Thermal data generated in this study for temperatures in the salt marsh
represent the first such information since operation of Unit 3. Plume effects
were evident in winter and in summer. Winter temperatures at Thermal, Thumb
Island, and Fence Stations were different than control temperatures. In the
summer, temperatures at Midway, Thermal, and Thumb Island Stations were above
background levels. Thus, possible thermal effects were evaluated at Midway,
Thermal, Thumb Island, and Fence.

Spartina

Data from Midway, Thumb Island, and the Fence Stations were compared to the
Thermal Station with respect to standing crop, density, height, shoot weight,
and flowering (Table 6.4-11). Midway resembled the Thermal Station and
differed from control stations with regard to standing crop and flowering
patterns. Thumb Island standing crop and flowering were affected the same
way, but values of live density and shoot weight were transitional between
those of the Thermal Station and those at control stations. It is interesting
that Fence marsh heights showed no effect and in this respect were similar to
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 equal to those in Spartina.

Studies in Spartina marshes north of the intake canal reveal similarities
among Thermal and adjacent stations. Effects were noticeable more to the
north at Thumb Island and the Fence than to the south at Midway. The linear
shoreline affected by thermal effluent extends northward to a point near the
Fence, on Luttrell Island.
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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 densities
at Midway were transitional between Control and Thermal Stations, but total
densities were higher than those at the Thermal Station. Marsh height was low
and, shoot weight was higher than at the Thermal Station, but trends through
time were synchronous. Flowering was reduced, similar to that at Thumb
Island. Thumb Island had a live standing crop trend similar to that at the
Thermal Station in 1983. Total density was not like that st the Control
Station. Marsh height was low and intermediate between that at Thermal and
Fence Stations. Flowering was reduced, not as much as at the Thermal Station
but similar to that observed at Midway. Fence live standing crop was high,
not at all like that at the Thermal Station. Live densities at Fence were
like that at Thumb Island and Davis Island, whereas total densities were
gimilar to Thumb Island and lower than Thermal.

Reference was made in preceding sections to the apparent gradient in live
shoot densgities within Juncus marshes which corresponded to a latitudinal
gradient, No difference in this parameter other than the latitudinal gradient
could be detected. Comparisons summarized by Table 6.4~11 were based on total
densities. Overall, Juncus marshes at the Thermal Station exhibited
structural characteristics consistent with those observed in previous
studies, and the Thermal Station is therefore classified as a thermally
affected station. Flowering in Juncus marshes at Midway was affected, and in
this regard the Juncus and Spartina marshes there were similar. Other
parameters for Juncus varied inconsistently with Spartina parameters, but it
appears that Midway was thermally affected.

Juncus marshes at Thumb Island closely resembled those at the Thermal Station,
whereas marshes at the Fence exhibited no thermal effects. Juncus 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 those at the Thermal Station, although the extent of standing crop response
was not as great. In contrast, no similarities in standing crop, height,
shoot weight, or flowering could be seen at the Fence and only total densities
seemed affected. Overall, Fence Juncus marshes did not seem affected by

thermal effluent.

Elevation differences in Spartina and Juncus marshes at the Fence may be
responsible for the differential results of this study. Spartina marshes are
exposed to the water column for a longer period of time than the higher Juncus
marshes. Since heated waters accumulate in the northern portion of Crystal
Bay and move northward on flood tides, it is possible that Spartina marshes at
Fence were affected differently than Juncus marshes. The same explanation
would not apply to effects observed in the Spartina marshes of Thumb Island.
The evidence generated by this study for structural features of Juncus marshes
is consistent with the finding for Spartina marshes that thermal effects are
evident at Midway in Rocky Cove. Juncus marshes at Thumb Island were
definitely affected, but the transition between affected and unaffected
marshes is located between Thumb Island and Luttrell Island. This delineation
of impact applies only to the marshes fringing the coast and not to the marsh

interior.
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TABLE 6.4~1
SALT MARSH STATION DESCRIPTION

Approx., Elevation Thickness

of Marsh Floor of Avg. Summer
cm above MLW Marsh Floor, Ht, cm
Station Name Aspect Spartina Juncus m Horizon*  Spartina Juncus
1 Upper Salt Creek Sheltered well-scoured creek, steep 118 116 1.5(+0.9) 135° 88 140
banks; near hammocks
2 Lower Salt Creek Spartina sites exposed, Juncus 49 82 1.0(+0.3) 140° 91 140
sheltered; mild banks, much
Distichlis,
3 Control Sheltered to north by intake canal 106 122 1.0(+0.3)  180° 82 171
levee, exposed to west; drift algae
seasonally abundant.
4 Midway Sheltered by intake & discharge 67 118 1.5(+0.5)  170° 98 143
canal levees; relief affected by
historical filling. Deeply
incised creeks.
5 Thermal Similar to Station 1, sheltered to 76 88 1.1(+1.0) 180° 79 134
south by discharge canal levee, mild
relief on open shore; steep creek
banks .
6 Thumb Island Sheltered by Thumb Island; low 79 76 0.7(+40.2) 180° 88 140
relief across dissected marsh. -
7 Fence Sheltered but subject to tidal 85 79 1.3(+0.8) . 180° 88 171
currents; some sites on a deep -
creek; hammocks nearby.
8 Davis Island Sheltered, with steep to gently 94 88 1.4(+0.6)  165° 107 171

sloping banks; hammocks nearby.

; o .
*Horizon refers to the solar arc between 090" and 2700, an estimate of relative insolation potential.



Table 6.4-2 Mean water temperature at slack high tide for the period

Days

Nights

A1l times

August 5-September 5, 1983 at Crystal River Salt Marsh
Control and Thermal Sites. Data are °C.

__Lontrol __Thermal B
26.3 + 3.5 30.3 + 1.9 28
22.8 1 1.4 32.9 + 1.7 28
25.0 4 4.9 23.6 + 1.9 56



Table 6.4-3 Mean waler tcomperature at slack high witer near Crystal River,
August 6-15, 1983,

3 4 5 6 7 8
value, % Control _ Midway  Thermal Thumb Island Fence Davis Island
Day Mean 28.1 29.3 33.9 32.4 28.4 28.0

Sd 3.1 2.1 1.8 3.7 2.8 0.9
N 10 10 10 10 10 10
Night Mean 23.8 24.9 33.3 23.6 24.5 25.0
Sd 1.5 1.1 0.7 1.6 2.3 1.7
N 10 10 10 10 10 10
Overall Mean 25,9 27.1 33.6 28.0 26.5 26.5
Sd 3.2 2.8 1.4 §.3 3.2 2.0

N 20 10 20 20 20 20



Table 6.4-4 Thermal characteristics of salt marsh stations.

Temperature Range, %

Winter Summer
Station (December-February) {June-August)
1. Upper Salt Creck >14.0 <30.0
2. Lower Salt Creek >14.0 <30.0
3. Control 13.5-14.0 <30.0
4, Midway <16.0 <31.0
5. Thermal >20.0 32.5
6. Thumb Island 18.5-20.0 >31.5
7. Fence 15.5-16.5 <30.0
8. Davis Island <15.5 <30.0
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Table 6.4-5 continued.
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Table 6.4-6. Shoot weight and specific weight of Spartisa “in
June 1984. Weights in grams and grams/cm,. respectively.

Shoot Specific Snoot
Station Veight Rank Weight Rank
1 3.8 5 .035 7
2 3.7 7 .038 6
J 5.0 2 .055 2
4 6.2 1 .059 1
5 2.9 8 .033 8
6 4.7 3 .047 3
7 3.8 6 .039 - 5
8 4.7 4 .044 4

Note: shoot- average weight in grams of individual shoots
specific shoot~ grams per centimeter of shoot
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Table 6.4-8. Shoot weight and specific weight of Juncus in June
1984. Weights in grams and grams/cm, respectively.

Shoot Specific Shoot
Station Weight Rank Weight Rank
1 2.2 7 .015 8
2 2.3 6 .015 7
3 3.2 2 .019 2
3 2.5 5 .016 5
5 1.9 8 .015 6
6 2l 4 .018 3
7 3.6 1 .021 1
8 2.8 3 .017 4

Note: shoot— average weight 1n grams of individual shoots
specific shoot- grams per centimeter of shoot



Table 6.4-8

Analysis of Variance for Surrow Density.
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Table 6.4-10.

A. Spartina

Quarter
i1 1883

11T 1983

Iv 1983-1984
1 1984

IT 1984

B. Juncus
Quarter

1T 1983

I11 1983

IV 1983-1984
[ 1984

1T 1984

Littorina density in Spartina and Juncus marshes
near Crystal River.

Littorina Density, No./m’ at Station

1 2 3 4 5 6 7
5.2 4.3 g 6.0 11.3 3.6 54.3
6.0 0 0.6 153 0 1.0 61.6
1.7 0 0.3 3.6 2.0 33.0
3.6 0.6 1.8 10.3 i 82 0.6 ° 44.8
3.6 45.6 0.6 10.3 1.3 32.6

1 2 3 a4 s 6 ¥
1.0 7.6 0.6 0.6 11.3 2.6 1.0
1.0 2.3 g 0.3 g g.6 0
20 1.6 0 0.3 1.6 1.3 0
2.9 0.6 {19 0.3 0.3 0 0
13 1.6 1.0 1.6 1.3 2.0 0

4.3
7.0
3.0
1.6
1.0



Table 6.4-11. Summary of impacts at Stations 4-7.

. STIATION
Parameter . 5 6 7
Spartina
Standing Crop Thermal Thermal Thermal Thermal
Live Density No effect Thermal Transitional Thermal
Height No effect Thermal No effect No effect
Shoot Weight No effect Thermal Transitional Thermal
Flowering Thermal Thermal Thermal Thermal
Juncus
Standing Crop No effect Thermal Transitional HNo effect
Total Density No effect Thermal Thermal Transitional
Height Transitional Thermal Thermal No effect
Shoot Weight Transitional Thermal Thermal No effect

Flowering Thermal Thermal Thermal No effect



Table 6.4-10. Littorina density in Spartina and Juncus marshes
near Crystal River.

A. Spartina

Littorina Density, ﬁe./m2 at Station -
Quarter 1 2 3 4 5 6 7 8
IT 1983 5.2 4.3 0 6.0 11.3 3.6 54.3 4.3
I1T 1983 6.0 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>