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INTRODUCTION

Enclosed are the final reports of the five principal
investigators for CM 122. Carlson, Curtis, Gilmore, and Rey
report on their work in impoundment 12, Indian River County.
Virnstein provides his report and maps of seagrasses in the
Indian River Lagoon, which was conducted as a separate project.

Dr. Virnstein's work is largely self-explanatory, and we provide
no additional summary here, except to emphasize that this is the
most complete record os seagrasses in the Indian River, and will
serve as a standard referent for any future work on seagrass
trends in this area.

The work in impoundment 12 culminates a series of NOAA/CZM funded
studies which beginnning in 1982, designed to elucidate the
impacts of various impoundment management strategies the flora
and fauna found in the high marsh. This work has been performed
in a 50 acre impounded high marsh in the Indian River lagoon
under varying passive and active management regimes. At various
periods during the last 4 vyears, the PIs have studied
zooplankton, fish and macrocrustaceans, vegetation, water
quality, and mosgquito production. Depending on the parameter and
particular study goal, sampling hs been performed twice-weekly
(mosquitoes); twice-monthly (fish, macrocrustacean, water
guality, =zooplankton); and quarterly (vegetation cover and
growth). All data has been filed on the data processing equipment
of the respective institutions, and summaries of data sets are
maintained on the local sponsoring agency's DP equipment
(provided under CM 122 funding).

The PIs each make individual recommendations c¢oncerning future
study topics, revised study methodologies, and impoundment
management. Immediately following in this section are consensus
summaries of these recommendations, and other observations by the
PIs, which we (as the local sponsoring agency) wish to emphasize.
Individual PIs may not agree in all respects with these
summaries, but all have approved their inclusion. Note that most
recommendations are tentative since they are based on data being
collected up to the present, which obviously cannot be fully
analyzed for some months to come.



IMPOUNDMENT MANAGEMENT RECOMMENDATIONS

Impoundment management recommendations are concerned primarily
with opening and closing dates of culverts, and with culvert
design, as these influence the use of the marsh by fish.

Culvert Closing Dates.

Impoundment closing dates (the date when culvert control
structures are sealed and impoundment pumping begins) are
usually set for April or May. Impoundment managers should be
urged to refrain from pumping until forced to do so by tides
or rainfall.

Further analysis of fish and tide data for the late May-
early June period is required, but preliminary analysis
indicates that a mid-June opening of the impoundment for
several weeks may be of use -- especially if it is
demonstrated that marsh transients who have over-wintered in
the marsh or entered in early spring will exit the marsh
during this period.

Opening Dates.

Analysis of fish populations in the marsh indicates that there
is no serious conflict between the normal September or early
October opening dates and use of the marsh by most marsh
transients and residents. Readers interested in this topic
should review Mr. Gilmore's section.

Work in this and prior years indicates some use of the open,
impounded high marsh by fish during and immediately following
the September high tide, and our preliminary recommendations
have been that impoundments should be opened for this tide.
However, analysis of seasonal tidal patterns, and observations
of several fish kills in this and other areas, 1lead us to
revise this recommendation.

Tidal histories for this area indicate that we can expect
estuarine water levels to fall sharply after the first
September high tide, resulting in large outflows from the open
impoundment into the estuary. This may cause water quality
problems in the adjacent estuary, and may also strand or
concentrate fish in the perimeter ditch or in pools, providing
high population densities, small water volume, very low DOs,
and . high temperatures. (We may note, though, that these same
conditions are extremely advantageous for wading birds which
prey on these fish.)

We urge that September opening dates NOT be locked into
management proposals for Florida East Coast impoundments.
October opening dates may offer a better trade-off of fish
influx into the marsh versus fish kills in the marsh or
estuary from water quality, population stress, or stranding.




Impoundment managers should be free to experiment on a site by
site and season by season basis with opening schedules.
Management plans should, however, require site inspections for
fish kills after impoundment opening, with a special report
submitted to the primary permitting/regulatory agency for each
site.

Tides, culvert capacity, and the control of mosquitoces.

Agencies cannot make any generalizations about the use of
tides to control mosquitoes or augment pumping. This can only
be accomplished by studying the tidal amplitudes and
frequencies on a site by site basis. The study area, for
example, showed no monthly tidal cycle, and insufficient water
levels to flood the marsh during the summer. Thus, use of
additional culverts to provide tidal energy to flood the marsh
would have been of no advantage in this marsh, at best
eliminating perhaps 8 to 10 hours of pumping during the study
period. Marshes several miles to the south, however, may well
have benefited from tides as an augmentation to pumping during
this same period. The only advantage additioan culvert
capacity might offer in this site would be increased transport
of fish to and from the marsh. This will be studied in the
nest year.

It remains the 1local sponsoring agency's feeling that the
rationales for high-volumes of culvert capacity need to be
defined more clearly before large culvert capacity becomes a
sine gqua non 1in management plan approval. The PIs are
continuing their studies of this question.

Control of mosquitoes in impoundments by fish.

Agencies should place no confidence in the ability of marsh
resident or transient fish to control populations of
mosquitoes. For the most part, Gambusia affinis, (the
"mosquito fish") 1is found in low marsh areas while mosquitoes
are found in the high marsh, Fish gut analysis showed
relatively little predation on mosquito larvae. 2And even in
those instances where Gambusia and Aedes larvae were seen in
the same areas, the mosquito larvae persisted in high numbers
to the pupal stage. Fish production as a component of mosquito
control strategy in the impounded high marsh seems irrelevant.

Culvert construction.

Experience at this study site, in St. Lucie County, and
elsewhere has shown that inadequate engineering has often been
applied to the design and installation of the culvert and
control structure. The primary problem is the degree of
buoyancy inherent in flapgate/flapgate riser designs.
Permitting agencies should ask that detailed consideration be
given to ensure that culverts are placed securely enough to



prevent the control-structure end from shifting upwards .
because of the continual floatation pressure from the water.. -
Further, agencies should expect to have to re-set some

culverts a vyear or two after initial installation, and should

build these costs into their budgets.

Second, while it 1is possible to install a culvert at a
uselessly high invert elevations (leaving it out of the water
for long periods), it seems that a culvert cannot be placed
too low for fish to enter and exit the marsh. Even normally
surface dwelling fish such as Gambusia made use of a culvert
with -2 ft 1invert, which was entirely submerged during most
sampling periods. Thus, the limiting factors for culvert depth
are the practical problems of river-bed and impoundment-bed
elevaticns, not the swimming characteristics of marsh
transient or resident fish.

Finally, there is strong evidence that snook and perhaps other
fish are wusing the culverts as refuges prior to culvert
opening. This attractant aspect of the culvert may be
significant, and should be retained for now. Thus, for the
present, we recommend that water control structures be placed
on the inside of the impoundment, and the exterior culvert
orifice be Kkept open so that it can be found and entereed by
fish throughout the year.

Flooding elevations and vegetation.

One season of pumping and flooding to an elevation of 1 ft
NGVD produced vegetation stress, but no massive vegetation
kill. We will have no indication of the impact of flocoding on
vegetation until next winter and spring, when we see if
seasonal species re-establish themselves. Work 1in this and
other impoundments has also shown that it is impossible at
this time to predict the set of vegetation which will re-
populate a marsh (either in the near term or as the climax)
when it is restored to the estuarine system.

Dr. Ray did comment, however, that provision should be made to

restore impoundments to the target flooding level after B
unusual storm rains and tides. This design criteria should

take at least 10 year storms into account. Impoundment

managers should have contingency plans to achieve such water

level reductions within a maximum of fourteen days, if severe

stress on vegetation is to be avoided.

Flooding elevations and mosquitoes.

The flooding elevation of 1 ft. NGVD was the minimum which
would cover mosquito breeding sites observed in previous
studies. As expected, this elevation provided complete control
of Aedes taeniorhyncus and Aedes sollicitans. The standing
water, however, provided an opportunity for Anopholine
mosquitoes to breed. These were apparently not controlled by




fish, but never grew to sufficient numbers to represent an
annoyance.

This aspect of the study simply re-confirms work performed a
generation ago: impounding works. And it is the most effective
mosquito control method which minimizes chemical applications.
Only one chemical treatment was required this year during the
management period, for the brood produced by the initial
pumping. In previous years as many as 42 mosquito broods where
observed over this impoundment during the May to October
pericod.

AREAS OF SPECIAL INTEREST FOR FUTURE WORK

The PIs remain convinced that the most significantly changed
aspect of the impounded marsh is the perimeter ditch. It provides
refuge for predators which may cause abnormally high mortality on
transients as they leave or enter the marsh; and it may encourage
certain transients to remain in the marsh when they would
otherwise leave 1it, and then cause significant mortality through
low DOs or stranding.

The PIs agree that the following are significant areas of study
in the internal perimeter ditch, characteristic of most
impoundments:

Are there ways of getting fish out of the perimeter ditch
in the spring, prior to closing?

Are there practical ways of raising DOs in portions of the
perimeter ditch? And will this significantly help during the
summer months?

What are the real impacts on the total populations of those
species which may be lured into the perimeter ditch?

Additional work also needs to be done on the long term effects of
summer pumping, fall tidal flooding, and winter dry-down on
vegetation in the impoundment. These effects can only be
determined over a number of years.

PROCEDURAL RECOMMENDATIONS

We Dbecame more aware this vyear of the difficulties of local
government sponsorship of diverse, multi-agency research
projects, and of the impact of 1low funding on obtaining useful
management data from such projects.

We encountered some management difficulties with the seagrass
project caused by the fact that it was a single project, funded
to two separate agencies (IRMCD and Brevard County), with no



central project manager. Thus there was no mechanism for ‘
resolving procedural differences. In fact, the project almost :
failed because management difficulties delayed obtaining aerial
photographs.

As for the impoundment project, put at its simplest, we have
overwhelmed ourselves with data. The addition of a statistician
to the project for part of the year moved toward a unified view
of the impoundment project, but could not (in the time available)
provide anything approaching a coherent and complete synopsis. We
are convinced that a multi-disciplinary approach is the only
possible mode of achieving useful data for a complex ecological
system -- but we also feel that the only way to utilize such data
is to dedicate funding which allows the PIs to concentrate on
data analysis, and which provides for at least one scientifically
knowledgeable co-ordinator devoted to developing an over-view of
the data.

We estimate we have at 1least one vyear of primary analysis
remaining for certain data sets, in addition to data to be
gathered from the same site in the coming year. Further analysis
of the combined data sets may lag for several more years.

In retrospect, we feel we should have sought additional funding
for combined project design and data analysis earlier. When only
one team is working on one problem, this is not a concern. But if
speedy procurement of management-related data 1s a primary .
objective, DER and the 1local sponsoring agencies should insist
that multi-agency projects specifically provide for a unified

approach. This is more expensive ~- it may add another level of
management between the local sponsoring agency and the various
PIs -- but when possible, would vield bhetter integrated, more

complete recommendations in a far shorter time.

In part, we did not seek such additional funding because of the

one-year nature of the funding. When we began this project, we

had no idea how 1long we could continue work at this site. Thus,

each vear's work was, to a degree, a series of ad hoc studies,

and there seemed no justification for a long-term data
coordinator. Three or five vyear funding schedules would have .
provided more consistent data sets, and better correlations among

data sets.

Longer-term funding is not merely desirable from a data-analysis
perspective -- it is essential for ecological studies. One or two
yvears of data on seasonal phenomena yields only one or two data
points per parameter studied, and we can draw firm conclusions
neither about populations nor about their trends from such
numbers. Dr. Virnstein, for example, in this year's work on
seagrass found unexpected abundance. Is this a sign of a robust
estuarine system? Or is it an aberrant efflorescence, masking a
trend of decline? A single year's work cannot pretend to address
these questions -~ and sc can have no management implications. If
CZM funding wishes to address 1long term estuarine management
strategies, it should fund longer-term estuarine research projects.
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INTRODUCTION

Historical research accounts of Impoundment 12, Indian River County,
Florida, date from 1955 to the present. Throughout the 31 years of
investigation, numerous researchers have implemented an array of sampling
techniques in order to survey the flora, fishes, and invertebrates occurring
in this marsh area. Nearly all of these studies were conducted as
interdisciplinary research programs typically treating the interaction of
mosquito populations or mosquito control strategies with the indigenous
fauna and flora. A concise review of the past research efforts in
Impoundment 12 will better elucidate the scientific developments of the
present study.

The pioneer investigators, Harrington and colleagues, made their first
ichthyofaunal collections over a three year period, 1955-1957, in an
unimpounded marsh (site of Impoundment No. 12) inundated only by heavy
rainfall or annual autumn tides (Harrington and Harrington, 1961). In 1966,
a dike was constructed and the marsh site was impounded and managed by the
Indian River Mosquito Control District as Impoundment No. 12. This salt
marsh was again investigated by the Harringtons in 1968 in an effort to
compare the food habits of fishes from Impoundment No. 12 with previous
studies of the unimpounded salt marsh (Harrington and Harrington, 1961,
1982). During 1979, the impoundment was no longer managed and was kept

closed, having no tidal connection with the adjacent estuary. It was at



this time (1979-1980) that Gilmore made his first collections from the sites
where Harrington and Harrington (1961) had made their collections (Gilmore
et al., 1982). Comparisons of this data with data from a neighboring opened
impoundment revealed the importance of tidal access to the immigration of
marsh transient species.

From 1982 through 1984 (CZM-47 and CZM-73), Gilmore initiated one of
the most intensive qualitative and quantitative studies of Impoundment 12 to
be conducted along the east coast of Florida. Spatial, temporal, and diel
distribution and migratory habits of fishes and macrocrustaceans throughout
the marsh and adjacent estuary were studied (Gilmore, 1984). In addition, a
comprehensive study of the trophic habits of the most abundant fishes was
initiated. Due to the significance of this data, state, local, and private
interests recognized the need for the continuation of the above research in
order to accurately propose management strategies for similar impoundments
of the area. Much of the information derived from this research was
disseminated through professional presentations on local, state, regional
and national levels.

From 1982 to present, the combined efforts of the Harbor Branch
Oceanographic Institute (HBOI), the Florida Medical Entomology Laboratory
(FMEL), and the Indian River Mosquito Control District (IRMCD) have engaged
in a collaborative research investigation of Impoundment 12 (CZM-47, 1982-
83; CZM-73, 1983-84; CZM-93, 1984-85; and CZM-122, 1985-86). During the
1984-85 CZM-93 research program, the marsh impoundment remained unmanaged,

open to tidal inundation through two 45.7 cm diameter culverts separated by



approximately one mile of dike road. As in the 1982-1984 (CZM-47 and CZM-
73) study, fish and macrocrustacean distribution patterns relative to
spatial and temporal parameters, fish population trophic analyses, and
documentation of fish dispersal associated with marsh inundation were
studied producing an extensive data base from which to compare future
management scenerios. An important supplement to this study was a biweekly
survey of the bird populations feeding in the impoundment.

During the past year, 1985-1986 (CZM 122), water levels in Impoundment
12 were managed by IRMCD to passively control mosquitos for the first time
since 1978. Flapgates were installed on each of the culverts in late May
and the impoundment was manually pumped. Inside impoundment water levels
were maintained through September 16 at which time the flapgates were
removed and the impoundment was again opened to tidal inundation. This

management strategy is known as Rotational Impoundment Management (RIM) and

.now practiced by all counties with impounded marshes along the east coast of

Florida (though with varying degrees of acreage under RIM management
strategies). This year's sampling regime was an approximate duplication of
the previous year's work. Special attention was focused on comparing the
‘opened' period, May 21 - September 16, 1985 with the 'closed' period, May
2] - September 16, 1986. The primary objectives were to determine the
effect of RIM on (1) major hydrological parameters and (2) fish, |
macrocrustacean, and avian spatial and temporal population dynamics. 1In
addition to the CZM-93 data, an extensive historical data file from CZM-47
and CZM-73 can be used to further evaluate the effects of RIM on the

indigenous wetland biota.



METHODOLOGY

Sampling equipment and intensities remained the same at all site
locations as outlined in the CZM-93 final report. Culvert traps were
simultaneously set for three hours in each culvert (stations 72 and 61) on
each tide (4/24 hrs.). Replicate cast net throws were done at the 'mole
hole' site (station 30). Additionally, day and night pull nets were taken
adjacent to each culvert site (stations 71 and 60). Upper marsh sampling
continued with ten throw net casts at each the 'low breed' (station 54) and
'high breed' (station 55) sites and a single heart trap set (24 hrs.) at the
'rain guage' site (station 56). Biweekly avifaunal observations resumed
with supplimental counts taken from the dike road in addition to the counts
taken from the bird blind.

Physical data was monitored at all sites each time a particular trap
was set or sample was taken including; temperature, dissolved oxygen,
salinity, and pH. Continuous water level recordings were taken from inside
and outside the impoundment at station 61 near the south culvert. Several
months of upper marsh (station P3) water level data was taken just prior to

the flapgate installation.




RESULTS

A. Physical parameters.

Figures 1 - 6 present the mean values for various physical parameters
at specific locations and in broad regions of the marsh on the day of faunal
collections. The annual mean of the respective parameter is also given. ;
The mean marsh elevation, approximately 16.9 cm, is nearly equal to
the mean annual water level, 16.5 cm, recorded from September 1984 to August
1986. Therefore, the plot of mean water level in the figures approximates
the mean surface elevation of the marsh and the inundation of the marsh can ’
be predicted from the water level plots over time (Fig.s 1 -6). 1In the
unmanaged marsh, 1984-85, the marsh surfa;e was Infrequently inundated from
December through September. This means that the majority of the marsh
surface was not available to the aquatic fauna for nine months of the year
when the marsh was open to tidal influénce. Under RIM, spring/summer 1986,
the marsh surface was artificially flooded on 21 May, over three months
before the natural seasonal late summer/fall inundation observed during the
preceding two years, 1984, 1985. Flapgates were left in place from 21 May
to 16 September. As impoundment water levels during this period exceeded
the estuarine high tide amplitudes the flapgates did not open to allow
estuarine water to enter the impoundment until early September.

Therefore,the impoundment was effectively isolated from the open estuary



during the RIM spring/summer control period, which in this case was 119
days.

The pH of the impoundment waters showed both spatial and temporal
variations. The upper marsh flats had the highest pH values while the
perimeter ditch (lower marsh) had the lowest (Fig. 1, 2). The culvert sites
had an intermediate mean pH level between the perimeter ditch and upper
marsh (Fig. 3, 4). Seasonal patterns are complicated by the malfunction of
several pH meters used throughout the study period, therefore producing
missing values during, October 1984, 1985, December 1985, January and March
1986. The most consistent seasonal phenomena is the general increase in pH
during the summer months, particularly during RIM. The minimum pH values
were recorded during the fall, October and December and during the spring,
April - May.

Dissolved oxygen values showed significant spatial and temporal
differences. Nearly all D.0. values from the upper marsh were above the
mean for the impoundment (Fig. 1). The lower marsh D.0. values were lowest
within the perimeter ditch (Fig. 5, 6), somewhat higher at the culvert sites
(Fig. 3,4). Dissolved oxygen reaches its seasonal low during the summer at
all locations and was lower during RIM than in the preceding year,
particularly within the perimeter ditch at station 71 (Fig. 5).

Salinities were highest on the upper marsh (Fig. 1), most moderate at
the culvert sites (Fig. 3,4). The most hypersaline conditions were reached
on the upper marsh during the RIM closure period, i.e. 53 ppt.

Water temperatures also reached their highest levels during RIM on the

upper marsh, i.e. mean temperature of 29.9 C. Temperatures and salinities

EIR—



were most moderate at the culvert sites (Fig. 3,4). The lowest seasonal

temperatures were observed within the perimeter ditch, 2.0 C (Fig. 5,6).
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B. Community Composition

A total of 33 fish and 6 decapod crustacean species were collected
between October 1984 and September 1986 in Impoundment 12 (CZM - 93 + CZM -
122; Table 1). During_the summer with tidal access 19 fish and 4 crustacean
species were collected, while during RIM the summer collections were limited
to 12 fish and 2 crustacean species. The species composition of the
impoundment fauna was reduced 40% by RIM, the total number of individuals by
31%. The resident species collections most significantly affected by
impoundment closure was Palaemonetes spp. and the Gulf killifish, Fundulus
grandis, both of which dropped to 0 individuals captured from the preceding
summer's collection of 1,693 and 63, respectively. Other collections were

also affected negatively, i.e. marsh killifish, Fundulus confluentus,

sheepshead minnow, Cyprinodon variegatus and the sailfin molly, Poecilia

latipinna, with population drops of from 535 to 19, 10,310 to 1,976 and
9,396 to 3,675, respectively. These reduced captures may not be due to
actual reduced numbers of individuals due to increased available habitat and
dispersal from the standard collection sites as will be discussed below.

The only resident species increasing in number collected were the

mosquitofish, Gambusia affinis, with from 1,339 to 8,985, and the inland

silverside, Menidia beryllina, increasing from 166 to 811.

Transient species were most greatly affected with only 8 of the 28
recorded during 1984-86 collected during the impoundment closure period, 8
of 14 recorded from the preceding summer under tidal influence (Table 1).

Yet except for the ladyfish, Elops saurus, which dove from 247 to 0

11



individuals collected, the numerical reductions were not significant as the
summer period is not considered a major transient recruitment period. The
striped mullet, Mugil cephalus, actually increased in numbers captured, from
55 to 398. It is anticipated that many of the transient species collected
during RIM were in the impoundment before its closure and were subsequently
trapped and captured later during the summer.

Twenty-eight avian species, 6,267 individuals, were counted within the
impoundment from October 1984 to September 1986 (Table 2). A total of 23
during CM-93, 24 during CM - 122, Except for significant increases in wood
storks (21 to 203), belted kingfishers (13 to 31) and green-backed herons
(12 to 54) counts, and decreases in tricolored herons (167 to 95), little
blue herons (151 to 88), ospreys (136 to 97) and double-crested cormorants
(47 to 6) the species rankings based on number of individuals changed little
between the years. No major species changes took place during the RIM
period, except for the increase in great egret counts from 0 to 44 and red-
bellied woodpecker, an anhinga and a black skimmer were observed for the

first time during the summer months.
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C. Temporal/ Spatial Dynamics

The major spatial regions of the marsh to be considered in this
analysis are the culvert sites, stations 61 and 72, perimeter ditch sites,
stations 60 and 71, and the upper marsh sites, stations 54, 55 and 56.
Faunal density estimates are based only on stations 54, 55, 60 and 71.
Stations 54, 55 and 56 are considered upper marsh, while stations 69, 61, 71
and 72 are considered lower marsh.

Figures 7, 8, 9 and 10 present the biweekly distribution of all
collections and transient/resident species between the upper and lower
marsh. Fish densities were comparable between the habitats, though
generally higher in the perimeter ditch (Fig. 7). The densities were
highest on the upper marsh when they were lowest in the perimeter ditch,
principally during the fall. Fish presence on the upper marsh corresponds
with the seasonal inundation of that habitat both under natural conditions,
during the fall, or artificial conditions during the summer of 1986 in RIM
(Fig.s 7 and 8). Transient species populations were lowest during the
summer in both the tidal year, 1985 and the RIM year, 1986 (Fig. 9).
Transient use of the upper marsh was minimal even during seasonal fall
inundations (Fig. 10). Resident use of the upper marsh was heaviest during
the fall inundation, but also obvious during RIM. Resident populations

reached their peak during the winter sea level recession, particularly

13
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during year one, 1984-1985. Transient species also reached their population
peak during this period.

The three most abundant transient species were the striped and white
mullets and the ladyfish. All show similar patterns in population
dynamicswith no captures on the upper marsh flats and minimum population
levels in occurring in the marsh during the summer (Figures 11,12, 13).
Striped mullet populations reached peak seasonal abundance in the marsh
during the winter and spring, white mullet during the fall and late spring.
Ladyfish were most abundant both years during the fall and spring with
limited summer recruitment which was nearly completely stopped during the
RIM months.

Spatial and temporal population dynamics of the three most abundant
resident species, the sheepshead minnow, sailfin molly and the mosquitofish

are presented in figures 14, 15 and 16. Densities of sheepshead minnows

frequently reached level at or above 10 fish per m2 between December and
April/May (Fig. 14). After a summer population low in the perimeter ditch
the densities began to increase August and September until the upper marsh
was inundated during the fall at which time the dispersal of sheepshead
minnow across the upper marsh reduced perimeter ditch densities. During RIM
the sheepshead minnow dispersed across the upper marsh. This species is the
only species to be found on the upper marsh during the summer of 1985, prior
to RIM. The sailfin molly revealed a quite similar pattern (Fig. 15).
However, the mosquitofish did not show the same level of density declines in

the perimeter ditch during either fall inundations or during RIM upper marsh
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inundations. Mosquitofish populations actually increased in the perimeter
ditch during RIM and their use of the upper marsh flats was significantly
less than the sheepshead minnow and sailfin molly.

Palaemonid shrimp were totally absent from collections made during RIM.
Their capture was principally most successful in the culvert traps. Culvert
trap collections were significantly reduced during RIM due to the absence of
water flow through the culvert. This pattern was also observed for penaeid
shrimp and portunid crabs. All of these crustaceans are most abundant in
fall to spring collections whether under tidal influence or not, however,
palaemonid shrimp are most significantly impacted by RIM.

Bird populations showed great variation in individual species counts
and total annual count patterns. This is typical of mobile widely ranging
bird species, such as the wading birds which numerically dominate the
avifauna. A comparison between the CZM-93, 1984-85, total counts and and
the CZM-122, 1985-86, total counts for the biweekly periods reveals this
variation (Fig. 17). The primary analogous seasonal patterns observed
between the two years are the January/February peak associated with the
winter sea level recession and concentration of fishes in the lower marsh.

A similar peak was observed in April/May also associated with a sea level
recession. Wading bird use of the marsh was somewhat elevated during RIM
but not significantly so.

Individual species revealed great variation in seasonal use of
impoundment 12. This variation can be seen in white ibis, snowy egret and
great egret population pattern revealed in figure 18. There is a general

fall and winter peak in all three species, a spring peak in snowy and great
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egrets. White ibis populations reached a seasonal low during the spring and
early summer. The only species of the three to show an obvious positive
reaction to RIM was the great egret.

Two endangered wading bird species that utilized the marsh in
significant numbers were the roseate spoonbill and wood stork. Roseate
spoonbills were present in the marsh both during RIM and during the tidal
access period with principally a consistent summer use. However, spoonbills
were observed during the winter months the second year but not during the
first year of study, indicating that their may be considerable population
variations between years. The wood stork use of impoundment 12 is
principally limited to the fall and winter months with increased use during
the second year.

Avian spacial distribution patterns within the marsh observed during
RIM revealed an increased use of the south and north quadrats during RIM

over the previous years observations.
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DISCUSSION

The overall objective of the CZIM - 122 research program was to
determine the affects of a Rotational Impoundment Management program on the
impounded marsh ecosystem. These affects were to be determined based on
several years of historical study of this particular marsh and impoundment
(Harrington and Harrington 1961, 1982; Gilmore et al. 1982; CzZM - 47, CZM -
73 and CZM - 93). Our knowledge of this ecosystem has progressed to the
point that some conclusions and recommendations can be made relative to

indigenous fish, decapod and avian populations.

A, Water Level Management Affects i

The positive aspects of water level management are complex enough at
our present level of analyses to allow only conjectural statements to made.
There is little gquestion that resident fish and crustacean populations are
permitted to utilize the upper marsh surface for a longer period of time.
These organisms disperse over nearly the entire marsh surface. The most
abundant fish species, the sheepshead minnow, forms territories for mating

and feeding across the marsh. Their densities on the upper marsh typically

varying from 0.1 to 5.0 per m2 with alternating high and low densities on a

four week cycle. The densities during RIM were similar to those observed
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during the fall inundation. This observation further demonstrates that this
species is territorial with some optimum density across the upper'marsh
flats. The sailfin molly and mosqﬁito are also comhonly captured on the
upper marsh but are not territorial. These latter species show significant
variation between the fall inundation habitation of the upper marsh and the
RIM period. These observations suggest that their is a carrying capacity or
limitation on the number of fish that can occupy the upper marsh flats,
particularly concerning the most abundant and territorial sheepshead
minnows. Therefore, the time at which this carrying capacity is reached is
critical when comparing RIM with natural fall inundations. Figure 4
indicates that it is reached within the first few weeks of marsh inundation.
The longevity of sheepshead minnows without predation is such that the same
fish could survive throughout the RIM and fall inundation period, i.e. 6 to
7 months. Therefore, if no predation occurs the turnover of individuals
would be low, larval and juvenile mortality high (to territorial adults).
This would in turn mean that longer flood periods would not export
additional protein from the upper marsh to the lower marsh or estuary than
would a typical fall inundation period of 2 - 3 months. The only way it
would is if piscivorous birds and fish could consume more sheepshead minnows
during the RIM period. With increased consumption sheepshead minnows there
would be increased turnover per unit time and with a longer inundation
period more export of biomass (in the form of consumed sheepshead minnows)
from the upper marsh. However, there is no indication that predator
consumption of sheepshead minnows increases during the RIM period,

particularly as the estuarine access to the marsh is closed and wading use
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of the impounded marsh is not great during the summer RIM period. It is
quite possible that the reduction in piscivorous predators during RIM may
have had a positive affect on mosquitofish populations within the perimeter
ditch allowing the observed rapid increase in their numbers.

A negative aspect of ﬁater management is the decreased populations of
certain.marsh residents which depend on periodic marsh exposure for
effective reproduction. Major examples are the marsh killifish, Fundulus
confluentus and the Gulf killifish, F. grandis. Both declined significantly
during RIM and were also found to be eradicated by impocundment closure in

previous studies (Gilmore et al. 1982).
B. Impoundment Closure Affects

Impoundment closure has been found to effectively stop transient fish
and crustacean migration between the estuary and the impounded marsh. Those
species which due make tidal migrations into the impoundment duriné the
summer months typically had populations reduced to 0 during RIM (i.e.
ladyfish and palaemonid shrimp). An exception was the increased catch of
white mullet during RIM over the preceding annual catch under tidal
conditions. This closure would also limit resident fish migration to the
adjacent estuary.

Closure also does not permit the emigration of fishes from the
impoundment during periods of physiological stress. The summer months are
the period of greatest hypoxic stress and we have recorded fish mortalities

during this period in closed systems (Gilmore et al. 1985).
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A positive aspect of closure may be the reduced predation on
mosquitofish as mentioned above. As mosquitofish are not territorial they
may be able to reproduce in significant enough numbers free of major
predatory mortalities and therefore allow a larger standing crop to develop
prior to the opening of impoundment. The fate of this standing crop after
the impoundment is opened to tidal influence is open to speculation. The
mosquitofish may migrate into the estuary and subsequently be consumed in
another habitat or they may be consumed within the impoundment as
piscivorous fishes and birds reach their peak populations for fall through
spring. In either case the production of fish and subsequent export of this

production from the salt marsh to other ecosystem will have increased.

Management Improvements - Water Level Control

The maintenance of a water level at a desired height is both necessary
for adequate mosquito control and preservation of the indigenous vegetation.
It also allows fish access to the upper marsh flats. The significance of
this latter consideration is not yet determined so it is difficult to
maintain that water levels promote fish, crustacean and avian use of the
impounded upper marsh plain and increase resident populations and biological
export over beyond the levels typical of the fall sea level inundation.

There has been some difficulty in setting control structures for water
level control. Control of culvert elevation has been most difficult.
Therefore, there should be some allowance for this variation within the

design of the flapgate and weir structure fitted to the end of the culvert
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that actually controls the managed water height. The north culvert at site
71 was not functional in water height maﬁagement due to the floatation of
the inside end of the culvert. As the weir structure only covers the upper
end of the water control assembly it was not effective in allowing water
release. This could be effectively modified in two ways: (1) Attach a
flapgate weir in which the entire structure is a weir which can be easily
modified by pulling riser boards, or (2) set the culvert elevation at lower
levels and brace during the initial set, which will insure a lower elevation
for the weir structure which is at the top of the water control assembly.
There is some hypothetical argument for the placement of the water
control assembly on the impoundment side of the culvert. This would allow
the fish queing on water release, which is now thought to occur in snook, to
aggregate in a protected environment within the culvert rather than along
the estuarine edge outside of the culvert where predation pressure by larger

fish can be quite intense.
Management Improvements Impoundment - Estuarine Access

The initial closure of the impoundment is critical in that several
transient species can be captured in the impoundment without the ability to
egress until the fall inundation. This in effect means that they will have
to survive the most anoxic period of the year, the summer, in the perimeter
ditch habitat. Periodic fish kills have been observed at other sites during
this period and nearly all of the fishes suffering hypoxia were transient

species. For this reason it would be quite beneficial to develop and test a
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mechanism for controlling impoundment water levels and yet allow or induce
transient fish emigration from the impoundment. I suggest that serious
consideration be given to this problem or RIM impoundment management
strategies could in effect be blamed for trapping and killing fishery
species during a critical period in their life histories.

A mid-summer dry down of the impoundment is another possible access
improvement that may be examined under experimental conditions. This would

allow transient fish egress during a period in which typically leave the

confines of the margsh. The possible affects on mosquito oviposition must be

considered, but the July low in sea level and low dissolved oxygen
conditions within the impoundment would allow an opening at this time to
flush the perimeter ditch without flooding the principal breeding areas on
the upper marsh. Rainfall would. There is also the possibility that a
release of anoxic water from the perimeter ditch could also produce a fish

kill in the adjacent estuary which has now been documented at other sites.

Conclusion

The present RIM program is basically compatible with the migratory

habits of the principal organisms utilizing the marsh. The impoundment

closure comes during a period in which most transient species do not utilize

the regional salt marsh habitat. The artificial inundation during the
summer is deleterious to some marsh residents but also allows other

residents to take an advantage of the increased availability of the marsh
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flats for both spawning and feeding. Avian use has only been seen to
increase significantly in one species, the great egret, but no overall
deleterious effects have been seen in avian populations due to RIM. This is
only the initial evaluation of the Rotational Impoundment Management program
and we strongly suggest that there be further study of both standard
management practices and modified management under experimental conditions.

These results are preliminary.
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represent a comparison of the total number of individuals collected from all

sites during each year of the study periods, the opened management periods,
and the closed management periods.
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Fish and Macrocrustaceans
Ranked by Abundance

Cyprinodon variegatus
Poecilia latipinna
Gambusia affinis
Palaemonetes spp
Fundulus confluentus
bugil cephalus

Mugil curema

Menidia beryllina
Elops saurus

Gobiosama robustum
Diapterus auratus
Brevoortia spp
Syngnathus scovelli
Lutjanus griseus
Bucinostamus argenteus
Anguilla rostrata
Gobiosama bosci
Alpheus amillatus
Ara spp

Lagodon rharboides

Microgobius gulosus
Domitator maculatus
Bucinostomus gula
Leiostams xanthurus

v

Total Study Period

October 1984 - September 1986
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84-85 85-86 84-86

83579 28020 111599
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20707 20834 41541
10644 5321 15965
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Trachinotus falcatus
Achirus lineatus
Fundulus similis
Hippocampus zosterae
Sphyraena barracuda
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Table 2. A species list of the avifauna observed in Impoundment No. 12 from
September 1984 through August 1986. Tabulations represent a comparison of
the total number of individuals observed over the entire impoundment during

each year of the study periods, the opened management periods, and the
closed management periods.
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Total Study Period Open Management Period Closed Management Period

October 1984 - September 1986 October - May June - September
Avian Species CM93 CM122 CM93+CM122 CM93 CcM122 CM93 CM122
Ranked By Abundance 84-85 85-86 84-86 84-85 85-86 84-85 85-86
White Ibis 1370 1618 2988 1145 1464 245 154
Snowy Egret 311 411 722 220 305 91 106
Least Sandpiper 326 243 569 326 243 0 0
Great Egret 209 227 436 209 183 0 44
Tricolored Heron 167 95 262 135 67 32 28
Little Blue Heron 151 88 239 122 64 29 24
Osprey 136 97 233 118 75 18 22
Wood Stork 21 203 224 21 203 0 0
Roseate Spoonbill 69 86 155 31 63 38 23
Great Blue Heron 35 41 76 28 25 7 16
Brown Pelican 37 32 69 37 32 0 0 —
Green-backed Heron 12 54 66 9 30 3 24
Fish Crow 40 26 66 38 18 4 8
Double-crested Cormorant 47 6 53 47 6 0 0
Belted Kingfisher 13 31 44 12 24 1 7
Red-bellied Woodpecker 1 18 19 - 1 15 0 3
Pileated Woodpecker 12 0 12 12 0 0 0
Mottled Duck 0 7 7 4] 7 0 0
Ring-billed Gull 6 0 6 6 0 0 0
Turkey Vulture 2 3 5 2 3 0 0
Black Bird 4 0 4 4 0 0 0
Anhinga 1 2 3 1 1 0 1
Black-crowned Night Heron 1 1 2 0 1 1 0
Semipalmated Plover 0 2 2 (] 2 0 0
Common Ground Dove 2 0 2 2 0 0 0
Screech-0Owl 0 1 1 0 1 0 0
Black Skimmer 0 1 1 0 0 0 1
Red-shouldered Hawk 0 1 1 0 1 0 (]
Totals: 28 Species 2973 3294 6267 2504 2823 469 471
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Figure 1. Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for the combined lower marsh

sites (stations 60, 61, 71, 72) of Impoundment No. 12 from September 1984
through August 1986.
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Figure 2.  Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for the combined upper marsh

sites (stations 54, 55, 56) of Impoundment No. 12 from September 1984
through August 1986.
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Figure 3., Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for culvert station 72
of Impoundment No. 12 from September 1984 through August 1986,
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Figure 4. Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for culvert station 61
of Impoundment No. 12 from September 1984 through August 1986.
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Figure 5. Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for pull net station 7!
of Impoundment No. 12 from September 1984 through August 1986.
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Figure 6. Physical data comparisons of temperature, salinity, dissolved
oxygen, pH, and inside impoundment water level for pull net station 60
of Impoundment No. 12 from September 1984 through August 1986.
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Figure 7. Upper and lower marsh density (number per meter squared)
comparisons of fish and macrocrustaceans collected in Impoundment No. 12

from September 1984 through August 1986. Closed management period for 1986
is indicated by asterisks.
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Figure 8. Comparison of total number of fish and macrocrustaceans collected
from the upper and lower marsh of Impoundment No. 12 from September 1984

through August 1986. Closed management period for 1986 is indicated by
asterisks.
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Figure 9. Total marsh comparisons of the total number of resident and
transient fishes and macrocrustaceans collected in Impoundment No. 12 from

September 1984 through August 1986.
indicated by asterisks.

Closed management period for 1986 is
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Figure 10. Upper and lower marsh comparisons of the total number of
resident and transient fishes and macrocrustaceans collected in Impoundment
No. 12 from September 1984 through August 1986. Closed management period
for 1986 is indicated by asterisks.
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Figure 11. Upper and lower marsh density (number per meter squared)
comparisons for Mugil cephalus collected in Impoundment No. 12 from

September 1984 through August 1986. Closed management period for 1986 is
indicated by asterisks.
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Figure 12. Upper and lower marsh density (number per meter squared)
comparisons for Mugil curema collected in Impoundment No. 12 from September

1984 through August 1986. Closed management period for 1986 is indicated by
asterisks.
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Figure 13. Upper and lower marsh density (number per meter squared)
comparisons for Elops saurus collected in Impoundment No. 12 from September
1984 through August 1986. Closed management period for 1986 is indicated by
asterisks.
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Figure 14. Upper and lower marsh density (number per meter squared)
comparisons for Cyprinodon variegatus collected in Impoundment No. 12 from
September 1984 through August 1986. Closed management period for 1986 is
indicated by asterisks.
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Figure 15. Upper and lower marsh density (number per meter squared)
comparisons for Poecilia latipinna collected in Impoundment No. 12 from
September 1984 through August 1986. Closed management period for 1986 is
indicated by asterisks.
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Figure 16. Upper and lower marsh density (number per meter squared)
comparisons for Gambusia affinis collected in Impoundment No. 12 from

September 1984 through August 1986. Closed management period for 1986 is
indicated by asterisks.
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Figure 17. Yearly and total study comparisons of the total number of birds
observed in Impoundment No. 12 from September 1984 through August 1986.
Closed management period for 1986 is indicated by asterisks.
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Figure 18.

Comparison of the total number of White Ibis, Snowy Egrets, and

great Egrets observed in Impoundment No. 12 from September 1984 through

August 1986.

Closed management period for 1986 is indicated by asterisks.
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Figure 19, Comparison of the total number of Wood Storks and Roseate
Spoonbills observed in Impoundment No. 12 from September 1984 through August
1986. Closed management period for 1986 is indicated by asterisks.
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Figure 20. Comparison of the total number of birds observed during the
opened and closed management periods from the south, central, and north

quads of Impoundment No. 12 from September 1984 through August 1986.
management period for 1986 is indicated by asterisks.
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Figure 21. Comparison of the total number of resident and transient fishes
and macrocrustaceans and birds observed in Impoundment No. 12 from September
1984 through August 1986. Closed management period for 1986 is indicated by
asterisks.
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INTRODUCTION
From 1955 to 1963, 33,518 acres of salt marshes bordering
the Indian River, the Banana River, and Mosquito Lagoon in east-
central Florida were impounded for mosquito control. These
marshes were oviposition sites for the salt marsh mosquitoes

Aedes taeniorhynchus and A. sollicitans. In Florida, salt marsh

mosquito impoundments are usually managed by 1local mosquito
control agencies, and management practices, as well as chemical
treatment methods for mosquito control vary from district to
district.

Although there is a great deal of information available on
salt marshes and mangrove swamps, there are huge gaps in our
knowledge of the biology of these areas (Clewell 1979), and very

scant data on the biology and ecology of salt marsh impoundments.

STUDY AREA

The study area is located in the Indian River lagoon in
east-central Florida (30.48° N, 80.75° W). It consists of two
impounded salt marshes, Impoundments IRC #12 and SLC #24, on the
barrier island side of the Indian River, as well as the adjoining
lagoon waters.

Impoundment IRC #12 covers an area of 50.4 ha. Prior to
impoundment, ﬁhe vegetation in the area was typipal of high
marshes in the region, consisting of Batis maritima, Salicornia

virginica, and Salicornia bigelovii meadows, with black mangroves

(Avicennia germinans) and white mangroves (Laguncularia racemosa)

interspersed throughout the marsh (Harrington & Harrington 1961,

1982). After water management for mosquito control was



discontinued at the request of the property owner, most of this
vegetation disappeared due to the hypersaline conditions that
quickly developed (Gilmore et al. 1981). Subsequent opening of
the culvert resulted in regrowth of the marsh floor halophytes
(Batis and Salicornia), however, only minimal mangrove recovery
has been observed (Rey et al. 1986). A more complete description
of impoundment IRC # 12 is given in the first part of this report
by Carlson and Vigliano.

Impoundment SLC #24 lies immediately to the south of IRC
#172. Although 1larger than IRC #12 (122 ha) it is similar 1in
structure except that during most of the study it has been

isolated from the lagoon.

REPORT ORGANIZATION, DATA, AND PROJECT STATUS

Organization.

This report is divided into four sections: 1) This General
Introduction, 2) Marsh Vegetation, 3) Zooplankton Dynamics, ¢4)
Water Quality. The sections are relatively independent and as
result there 1is a small amount of repetition in the sections
describing sampling sites. All the sections share a common
reference 1listing and common Tables and Figures sections with
consecutive numbering.

Data.

The data presented here is as current as possible. Every
effort was made to include all of the data available at the time
of writing. It should be emphasized, however, that many of the
studies included here are still ongoing or stt finished, a fact

that precludes the inclusion in this report of results of complex




statistical analysis of the data. Given the massive amount of
information generated by this project, such analyses wiil be
necessary to identify patterns and processes at work in the

systems under study.

Status.

VEGETATION. Vegetation sampling has been accomplished on
schedule, and most of the data to date has been tabulated and
entered into the computer. Sampling for percent cover along the
transects and measurement of mangrove growth rates will be
continued during the coming year. Monitoring of the effects of
pumping upon the marsh vegetation will be continued for an
undetermined period of time.

ZOOPLANKTON. Although the field portion of the zooplankton
dynamics study has been completed, we continue to work on the
counting, identifying and tabulation portion of the study.
Significant progress on these aspects of the project has been
made during the past year. We anticipate thatrall the data will
be processed and ready for analysis by December of 1986. The
data processed to date is included in this report, and some
easily~identified patterns are discussed.

WATER QUALITY. At this time, the last samples (September
10-11, 1986) from the water quality portion of this study are
being analyzed in our laboratory. During the past year we have
eliminated the backlog of samples present and have processed most
of the data. We are still a couple of samples behind in the
conversion of autoanalyzer output into actual concentrations and

in entry of these data into the master data tables, but ‘the whole

. ‘V“‘.'}; _
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process will be finished shortly. Analysis of these data will be
extremely time-consuming because of the large amount of data that
has been produced, because of its complexity, and because of the
many, and often subtle, interactions possible between the
variables. An overview of the first year’s data set is included
in the Water Quality section merely as an example of the type of
data that has been generated. Analysis of these results will
commence as soon as the complete data set is processed.
VEGETATION PRODUCTION. Preparations for next year‘s study
of vegetation production are already under way. Sites have been
selected and marked and the litter bags have been constructed,
packed with dry vegetation, and set out in their designated
locations. We are presently building the quadrat samplers and

preparing the thermographs for field operation.
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INTRODUCTION
The prime mosquito-producing portion of a salt marsh is that
area of the marsh above the influence of daily tidal innuﬁdation,
the high marsh, (Provost 1974). Frequent tidal flooding of the
low marsh does not provide the opportunity for salt marsh
mosguitoes to oviposit since they will not lay their eggs upon
standing water or‘overly-moist soil. In south Florida, the low

marsh is usually dominated by the red mangrove, Rhizophora mangle

and a number of halophytic grasses such as smooth cordgrass

(Spartina alterniflora), whereas in the high marsh black

mangroves (Avicennia germinans), white mangroves (Laguncularia

racemosa) saltwort (Batis maritima) and glasswort (Salicornia

spp.) predominate. Further north, Spartina alterniflora

predominates in the low marsh and S. patens, Distichlis spicata

and Juncus roemerianus in the high marsh.

It is not at all clear what physical-chemical factors affect
the zonation of species in salt marshes. Clearly, the frequency
and extent of tidal innundation has to be important, but there is
a plethora of direct and indirect effects associated with
different tidal regimes that need to be separated so that their
interaction with plant physiology and ecology can be identified.
Bordeau and Adams (1956) list micro-relief, soil texture, and
soil salinity as the major factors influencing zonation in North
Ca}olina. Other factors that have been considered important in
this respect are: submergence-emergence ratios (Johnson and York
1915), tide-elévation influencgs (Adams 1963), water quality

(0dum t al. (1982), nutrient levels (McCoy 1969), propagule



availability (Rabinowitz 1978), and catastrophic events (Ball
1980). These factors obviously overlap and the 1list barely
scratches the surface of the possible interactions among
physical-chemical factors, plant physiology, and plant ecology.
The list has been presented mainly to illustrate the
complexities and subtlefies involved in study of salt marsh plant
communities.

It has now become evident that salt marsh plant species 2zones
do not simply represent seral stages of succession, but that
geomorphological and hydrological processes (Thom 1967, Chapman
1970), local conditions (0dum et al. 1982), chance events (Ball
1980), catastrophic events (Craighead and Gilbert 1962), and
historical factors (van der Valk 1981) are also important in
determining zonation.

There have been a number of studies on the effects on high
marsh vegetation of activities related to mosquito control. Most
of these, however, have dealt with ditching, rather than
impounding, and their results are contradictory. Some studies
report a shift to drier conditions with a concomitant invasion of
the high marsh by upland sbecies (Daigh et al. 1938, Daigh and
Stearns 1939, Miller and Egler 1550). Other studies report a
shift towards conditions more typical of the low marsh (Travis et
al. 1954, Shisler and Jobbins 1977). A third group of studies
report no significant change due to these activities (Taylor
1937, Headlee 1939, Ferrigno 1961). Ball (1980) reports an
increase in red mangrove cover in areas ditched for mosgquito
control 1in Biscayne Bay, while several authors have reported

various degrees of damage to mangroves due to improper diking and
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impounding (Breen and Hill 1969, Odum and Johannes 1975,
Patterson-Z2ucca 1978, Lugo 1981). In Florida, the general
consensus appears to be that impounding in mangrove areas favors
the spread of red mangroves at the expense of black mangroves,
white mangroves and other high marsh species (McCoy 1969).

The importance of the low marsh in the overall dynamics of
the coastal zone has been récognized for a long time. The high
marsh, however, was once considered by many (particularly by
those wishing to develop it) as real estate with little
ecological wvalue. Recent studies, have demonstrated that the
high marsh provides many of the same services as the low marsh,
as well as many others that are qualitatively and/or
quantitatively different and just as important to the overall
health of the estuarine ecosystem (Heald 1969, Lugo and Snedaker
1974).

Below we report on vegetation data gathered at the study

site since the start of the project.

METHODS

Vegetation cover on the experimental and control marshes was
monitored along 1200-foot transects established at each location
(Figure 1). Each transect was divided into 12 100-foot sections
and five quadrat locations were chosen along each Section. The
distance along a section and the distance and direction from the
transect 1line of each quadrat were determined using a random
number generator (Fig 2). At each locatio;, an estimate of

percent cover by each species on a 1/4 meter area was obtained

with the help of a 1/2 square-meter frame that was subdivided



with heavy wire into 16 equal sections. A total of 60 such
estimates were obtained along each transect every 3 months from
1982 to 1985, and every 6 months thereafter.

During July of 1986, 20 additional quadrat locations were
randomly selected at each site to monitor the effects of pumping
on the vegetation (Fig. 1). These stations are being visited bi-
weekly and the percent cover bf each species, as well as the
percent of each species showing sigqns of damage are being
recorded. Photographs of each of the quadrats at the
experimental site were taken during the initial wvisit.

We also measured the growth and establishment of mangroves
in the experimental and control maréhes. A total of 108 mangrove
seedlings wére marked initially at the experimental site and 100
aﬂ the control. In the experimental cell, 22 red mangroves, 73
biack mangroves and 13 white mangroves were marked. The
corresponding numbers for the control are: 28 reds, 47 blacks,
and 25 whites. These proportions approximate the frequency of
each species at each location. During June of 1986, 49
additional mangrove seedlings were marked at the experimental
site to compensate for mortality during the previous years and to

bring the number of trees back to 100.

RESULTS
Cover
At IRC #12 there has been little change in total % cover by
‘floor’ species (Salicornia virginica, $S. bigelovii, and Batis
maritima) since 1982, except for a drop in cover during the fall

of l9é2*(Figure 3A). The dips in the % cover curves for  floor

. m 8




species evident during the winters are mainly due to the
disappearance of the above-ground parts of 5. bigelovii, which 1is

an annual species. Total cover by ‘canopy’ species (Rhizophora

mangle, Avicennia germinans, and Laguncularia racemosa) at IRC

#12 has changed very little and has remained low throughout the
study period (Figure 42).

At SLC #24, however, cover by canopy species increased
significantly during 1982 - 1986 at the expense of the floor
species, which showed an irreqular decline from April 1982 to
December 1984 (Figures 3A & 4A).

Figures 5A - 10A show the patterns of % cover through time by
the individual species. S. virginica showed an overall de;line
at both sites since the start of the study (Fig. 5A). Cover by
S. bigelovii declined at both sites from April to November of
1982 and remained relatively low thereafter except for a sharp
increase at the experimental cell during the summer of 1985 (Figqg.
6A). B. maritima, on the other hand, showed increases in
coverage during the spring and summer of 1983 and 1984 at IRC
#12, and during the fall of 1983 and spring of 1984 at SLC #24,
but returned to levels close to the original ones after December
1984 (Fig 7A).

As previously mentioned, cover by all mangrove species at
IRC #12 has remained close to 0 since 1982 (Figs. 8A - 10A). At

SLC #24, Rhizophora mangle increased considerably from 1983 to

1984 and declined sharply after August 1985 (Fig. B8A), Avicennia
germinans has increased steadily since May 1983 (Fig. 9A) and

Laguncularia racemosa increased from 1983 to 1984, decreased




during the winter of 1984, and has been steadily increasing 1in
coverage since then (Fig. 1l0A). ' .

Table 1 shows the results of two-way analyses of variance
for changes in % cover by the various species along the
transects. The data are the diferences in cover from Jﬁly 1982 -
August 1983, Augqust 83-August 84, and August 8B4 - September 85.
These data have been standardized to changes per 30-day period to
compensate for slight differences 1in elapsed times between
samples at the two sites and then subjected to an angular
transformation to stabilize the variance.

The results indicate that for floor species there were
significant differences between sites and between dates, and also
significant interactions between the two factors. The site-date

interaction makes it difficult to interpret the individual main-

factor effects. It is more informative at this time to examine
the pattern at the individual sites; we will postpone further
direct comparisons of the effects of the two factors until a more
complete analysis can be performed.

The results of the analyses for canopy ' species 1is more
straightforward. There were significant differences in changes
in cover along the transects at the two sites for red and black
mangroves and significant differences between dates for white
mangroves. The only significant date X time interaction was for
white ﬁangroves. Inspection of the data indicate that the
signifiéant effects of site are due to much greater increases 1n
the cover of red and black mangroves at the control site than at
the - experimental (Figs. B8A and SA). The white mangrove data .

indicate a slight increase at the control site from 1982 to 1983,
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a significant increase from 1983 to 1984, and a decrease from
1584 to 1985. At the experimental site, cover by this species
remained relatively constant and low throughout (Fig. IOA). The
sharp decrease of this species at the control site during the
winter of 1984 resulted in a non-significant overall effect of
site, whereas the differences in dates (increase in from ‘83 to
‘B4 and decrease from ‘84 to ‘85) resulted in a significant
effect of date. The interaction term simply reflects the fact
that the effects of date were significant at one site (control)

but not the other.

Frequency.

The patterns of changes in frequency along the transects
resemble only partially those described above for cover (Figs. 3B
- 10B). S. wvirginica dropped in frequency at the experimental
site during the fall and winter of 1983 and partially recovered
thereafter, whereas at the control site this species showed a
steady decline throughout the study (Fig. ©5B). After an initial
decrease in 1982, S. bigelovii has shown an increasing trend at
both sites, with the sharpest increases evident during the
summers of 1984 and 1985 (Fig. 6B; but see "Effects of Pumping”,

below). Batis maritima also showed similar patterns at both

sites; there were increases in frequency during most of 1982 at
both sites and during the summer of 1984 at the control, but
corresponding decreases during the intervening months resulted in
little net change in frequency during the study period (Fig. 7B).

The patterns of changes in frequency by mangroves through

time do resemble those of changes in % cover except for a
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relatively lower peak in frequency by white mangroves at SLC #24
in August 1984, and a smaller drop during the fall-winter of the
same year (Figs. 8B - 10B).

Analysis of the differences in frequency of the various
species 1in the individual quadrats within each transect do not
always reflect the general patterns for the transects (Tables 2 &
3. Although there is often good correspondence between quadrat
and transect-wide changes, many significant differences at the
guadrat level are not reflected at the transect 1level (see
below).

Mangrove Growth and Mortality.

From 1982 to 1985 there were definite and consistent yearly
patterns of growth by the marked mangrove seedlings at both ‘sites
(Fig. 11). Growth rates were highest during the summer,
decreased during the fall to winter minima, and then increased
again during the spring. The growth rate curve for all mangrove
species at IRC #12 were lower than at SLC #24, particularly
during the summer peaks.

Direct comparison of mangrove growth rates at the two
impoundments confirm the patterns observed at the individual
sites. The higher growth rates exhibited by mangroves at the SLé
#24 are significantly different from those at IRC #12 during most
sampling dates. If one pools all species together these
differences are significant for all sampling intervals (Table 4).

Survival of mangroves was significantly 1lower at the
experimental site than at the control. This is true for overall
mortality of all species since the start of the study (Fig. 12),

and for mortality during most individual sampling intervals after
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1983 (Table 5). A notable exception occurred during the March -
October 1985 interval when 31% and 7% mortality of red and black

mangroves, respectively, was observed at SLC #24 whereas no

mortality was observed at IRC #12. The red mangrove mortality at

SLC #24 during this single interval was significantly higher than

the total since 1982 (arcsine test; Ts = 2.331, p = 0.02).

Effects of Pumping.

Close to 50% of the Salicornia bigelovii at IRC #12 showed

signs of damage (browning of stems and leaves) 23 days after the
onset of pumping (June 19, 1986, Figure 13A). Little damage to
Batis or to S. virginica was evident at that time, nor was there
evidence of damage at SLC #24. By the 36th day (July 2) almost
100% of the §S. bigelovii showed evidence of damage and a
significant proportion of the plants had died and disappeared
(which caused the dip in the % damage curve between days 35 - 40,
Figure 13A). During this time, water levels in the impoundment
had decreased slightly due to evaporation (Figure 12). After
about 40 days, water levels at both sites began to increase due
to rainfall. Subsequently, damage to S. virginica at both sites
and to B. maritima at IRC #12 started to become apparent. The
rise 1in water level peaked after about 60 days, at which time
low-level damage to B. maritima became apparent at SLC #24 and a
significant increase in damage at IRC #12 was observed. A second
increase in the rate of damage to S. Dbigelovii after 100 days at
SLC #24 also correlates with an increase in water levels at that

site (Figs. 12 & 13).
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DISCUSSION

The overall patterns uncovered so far indicate that tﬂe
initial response of the marsh vegetation to re-establishing the
connection between IRC #12 and the lagoon was the' establishment
of Salicornia spp. and Batis in the marsh. Although this project
:ms started after this initial recolonization, the patterns can
be recognized by comparison of historical photographs with more
current ones, and also from previous reports of conditions in
this marsh (Harrington & Harrington 1961, 1982). This
recolonization was rapid during the first two years, but has
proceeded much slower than expected since then.

Both witﬁin—site, and between-site comparisons of the
transect data indicate that temporal effects (i.e. between-years)
had a significant influence in the observed patterns of change in
% cover of floor species, whereas site had a significant effects
on canopy species. The results of some comparisons, however, are
conplicated by significant time-site interactions. The
inconsistencies observed when comparing net frequency changes
along the transects with those obtained within the individual
quadrats exemplify the complexity of the vegetation dynamics at
the site. This observation indicates that at any one time, é
species may have been increasing in some quadrats and decreasing
in others. The balance of these changes determined whether a net
increase, decrease, or no change was recorded for a given
interval on a transect-wide basis.

The poor performance of mangroves at IRC #12 is not easily
explained, particularly in view of their increase in cover at the

control site during the same interval. One possible explanation
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may be a dearth of propagules, but the data indicate that even
established seedling do poorly at this site. Unfavorable
physical conditions may be a more plausible explanation. This
would mean that conditions in the marsh have changed considerably
because historical data and photographs and the ubiquity of dead
trunks of black mangroves indicate that this species was common
in the marsh in the past, It 1is possible that high
concentrations of salt accumulated in the marsh soil at IRC #12
during the years that the impoundment was unmanaged. We have
observed high water salinities at this site after heavy vrains
have flooded previously-dry areas, a fact that 1lends some
credence to the above speculation. Studies of soil chemistry
would be a valuable addition to our growing knowledge of this
site.

The proliferation of all species of mangroves at the
control site 1is also puzzling at first since the most common
situation in this region 1is for closed impoundments to be
dominated by red mangroves. A possible cause for the observed
phenomena emerged during November - December 1984 when a tropical
storm moved through central Florida, dumping large amounts of
rain on the area and producing extremely high water levels in the
Indian River Lagoon. The water level of the closed cell rose
dramatically during the storm, and would have remained high for
at least several weeks if the St. Lucie Co. Mosquito Control
District had not helped to drain the marsh through culverts
hastily installed for that purpose (see below). A 15" culvert

was installed first, but this had little effect upon the marsh
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water level and was replaced with a 30" culvert.

The 1level and duration of flooding at this site would have
kept most mangrove pneumatophores totally submerged for periods
that would have caused considerable damage to black and white
mangroves (Provost 1974). To illustrate the relation between
water levels during this storm and average pneumatophore height,
we randomly selected fifty black mangrove pneumatophores,
measured their 1lengths above the marsh surface and corrected
these measurements for site elevation. The results are shown,
together with the water levels during and after the storm, in
Figure 14. It is evident from the figure that most
pneumatophores would have been totally covered during the storm
period (pneumatophore elevations are not exact since the site
elevations had to be measured indirectly by comparing the water
level at the pneumatophore locations with a nearby water level
datum; they should be correct to within 1 - 3 cm).

Thus one can hypothesize that storms such as the Nov 1984
one could be responsible for the demise of black and white
mangroves in closed impoundments. Even with the efforts of the
St. Lucie County Mosquito Control District, some flood damage wés
evident at the control site (pers. obs.). These storms are quite
frequent in Florida (two such storms in the fall - winter of 1985
caused the impoundment water levels to overtop the dike (Doug
Carlson, pers comm.). and could slowly eliminate most black and
white mangroves from closed impoundments, leaving only red
mangroves, with their high, arching prop-roots to dominate the
landscape.

It 1s apparent that the level of pump-induced flooding at
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IRC #12 caused significant damage to Salicornia bigelovii, with

complete disappearance of this species observed about 85-90 days
after pumping. Damage to the other marsh floor species was less
drastic, but still significant. At the control site, there was
some damage to S. bigelovii, but this may have been a result of
the normal cycle of this species, accelerated somewhat by a rise
in the water level due to rainwater which was not released due to
the closed nature of this impoundment. This was probably also
the cause of the moderate damage to S. virginica and the minimal
damage to B. maritima observed at that site. It should be noted
that the correspondence between water level and vegetation damage
evident in Fiqures 12 & 13 is probably tighter than the figures
show since mean values were used in the figures. Correlation and
or concordance analyses of these data on a quadrat-by-quadrat
basis will be part of the forthcoming statistical treatment of
these data. It may be that the soil salinity argument presented
above may also be at work here since other impoundments are
routinely flooded to equal or higher levels without the adverse

effects to the marsh vegetation observed here.
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PART THREE — 2Z200PLANKTON
DYNAMICS



INTRODUCTION

Compared with other estuarine areas, there 1is relatively
little information about the zooplankton communities of coastal
wetlands and of very shallow estuarine habitats, particularly
from tropical and sub-tropical coasts (Odum et al. 1982). One
factor contributing to this dearth of data is the difficulty of
sampling in such shallow areas. In these habitats use of . many
conventional types of gear, such as unsupported‘circular plankton
nets, wusually results 1in contamination of the samples with
substrate material and in severe clogging (Cuzon du Rest 1963,
Barnett et al. 1984). Clogging also occurs because the water
column in such areas often carries a heavy 1locad of suspended
particles (Barlow 1955, Barnett et al. 1984). Furthermore, the
substrate 1is usually extremely soft thus making it difficult to
manipulate conventional gear without great disturbance to the
areas being sampled.

This study represents a first attempt to characterize the
zooplankton fauna of salt marsh impoundments under different
management regimes. In the METHODS section below, we report on
techniques that we developed for sampling zooplankton from
shallow salt marsh and mangrove forest habitats, as well as from
very shallow areas (~ 0 - 1.5 m) of the Indian River Lagoon in

east-central Florida.

METHODS
Our sampling equipment consisted of a combination of gear,
including pumps, floating nets, and hand nets. The hand nets

were simple rectangular 63u-mesh nets supported by metal frames
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and attached to 1.52m poles. Hand nets were used only to obtain
qualitative (presence-absence data) samples from very shallow
ponds in the interior of the marsh (Fig 15).

Pump Sampling Apparatus

The pump samplers were designed to maximize filtering area
and to provide temporary storage for large volumes of water to
prevent overflow while filtering.

Samples were collected with a 5.08 cm pump driven by a 2 hp
gasoline engine. The intake hose (5.08-cm Canaflex) was attached
to the pump, and the mouth to a 2-m pole with a styrofoam float
near the end. This allowed the operator to maintain the mouth of
the hose in constant vertical and horizontal motionr while
sampling, with little disturbance to the substrate (Fig. 1S5B).

The outflow was filtered in PVC cylinders 1.22 m high and
25.4 cm 1in diameter (Fig 15C) whose walls were perforated with
numerous holes of various sizes covered with either 202u or 63u
plankton netting (Fig 15D). Samples were collected at the bottom
of the cylinders in removable screens of the appropriate mesh
size (Fig 15E). A splashguard fitted on the top of each cylinder
prevented sample spillage; two baffles inside the cylinders
distributed the water stream to prevent damage to the lower
collecting screens, and a coarse metal screen on top of the
baffles trapped large pieces of debris that might have damaged
the side or bottom screens.

For each sample, the outflow hose was maintained in place
for a timed interval. Filtered water was collected in buckets
placed adjacent to the cylinders and was used to wash organisms

attached to the inner walls to the bottom screens. The screens

19




were then removed, and their contents washed with distilled water
into pre-labeled glass jars. A solution of 10% buffered
formaldehyde and rose bengal (100 mg/l) was then added to each
jar for sample staining and preservation.

The pump flow rate during each sample was calculated by
measuring the amount of time required to fill a container of
known volume to overflowing (Barnes 1949). This was done
immediately before, and immediately after each sample; the mean
of the two measurements was used to calculate pump flow rate,

sample volume, and plankton density.

Floating Nets.

The _configuration of the plankton nets minimized theif
vertical profile while maintaining an adequate filtering surface.
They are variations of the compressed - mouth, floating net
arrangement (Zaitsev 1961, Ellerstsen 1977, Schram et al. 1981),
modified for very shallow sampling and portability. We found
that a net with a rectangular mouth tapering to a conical cod-end
worked best for these purposes. HWe attached the net (91.44 cm x
20.32 cm mouth, 167.64 cm long, Fig 15F) to a frame made from
PVC pipe, and supported the arrangement with styrofoam floats so
that when towed the mouth of the net floated just under the water
surface (Fig. 15G). The mouth end of the frame was hinged to
allow folding for transport and storage. A General Oceanics
Model 2031 flowmeter was installed inside the mouth of each net.
At the cod end of each net we installed collecting vessels with
screens of 202u or 63u (Fig 15H). As with the pump samples, 202u

and 63u nets were used during the study.
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For each sample, the nets were hand-hauled along a pre-measured
transect. Upon arrival at the transect’'s end, the net was
removed from the water, 1its sides were rinsed from the outside,
and the collecting vessels removed. The contents of the vessels
were processed as those of the pump collecting screens. Actual
volumes filtered were calculated from the flowmeter readings
using standard equations. Filtering efficiencies were determined
by dividing the actual volume by a theoretical one computed from

net dimensions and length of tow.

STUDY SITES
Sampling sites were selected at the following locations
(Figure 16): Mole Hole - a small shallow pond 0.3 - 1.2 m in
depth, at the NW terminus of the perimeter ditch in IRC #12;
Culvert Station - in the IRC #12 perimeter ditch near the 3K
culvert (depth 0.3-1.5 m); Control Station - in the perimeter
ditch of SLC #24 (depth 0.5-1.5 m); Lagoon - in a shallow flat in

the lagoon immediately west of the marshes (depth 0.5-1.5 m).

SAMPL.ING METHODS

Sample Collection

Samples were collected on a bi-weekly basis at each of the
sites. At the Perimeter Ditch, Control, and Lagoon sites one

sample was collected with each of the following: 63u pump, 202u
pump, 63u net, and 202u net. At Mole Hole, only pump samples
were taken since this site is too small for sampling with the
nets. A floating net sample consisted of a straight-line tow of
61 m. Pump samples with 202u and 63u mesh sizes were of 10 and 2

minutes duration respectively. All samples with the same type
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of gear (net or pump) were collected on the same day, but at
least 24 hrs. were allowed to elapse between pump and net samples

at the same site.

Sample Processing.

In the 1laboratory, each preserved sample was washed with
distilled water through a 63u sieve. Any large organism present
in the sample (e. g. adult fish, large insects, etc.) were
removed, washed over the sieve with 70 % ethanol, and stored in
70% ethanol. The rest of the sample was placed in a glass
graduated cylinder and diluted in steps to volumes from 0.100 to
2.00 1. The size of the subsample and the final dilution varied
depending upon the richness of each sample (Newell and Newell
1963, Carter and Dadswell 1983). The diluted sample was then
aereated and mixed, taking care not to create currents that could
bias the procedure by sorting the organisms according to size.

Subsampling was carried out immediately after mixing. A 1 -
2 ml subsample was obtained from the diluted sample with a
Hensen-Stempel pipette. This subsample was placed in a Bogorov
counting tray and spread evenly with 70% ethanol. All organisms
in the subsample were counted and identified to the lowest
taxonomic group possible. After counting, the subsample was
returned to the original sample and the total volume was adjusted
back to the original with 70% ethanol.

The process of mixing and subsampling was repeated a total
of five times per sample. The density of each taxon was then
calculated for each subsample, and the mean of the five

replicates was used as the taxon’s density for the sample.
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Gear Performance.

Preliminary Tests and Filtering Efficiencies. To check the
operation of the nets and flowmeters we ran several tests at the
Lagoon station. In one series (1 - 3, Table 6), we installed one
flowmeter 1n its designed location inside the mouth of the net
and a second one on the outside, attached to the frame. The
second series (4 -5, Table 6) compared the efficiencies
calculated from flowmeters installed side by side 1inside the
‘mouth (with and without nets). The flowmeter readings were
little influenced by the frame structure when inside the net (3
and 5, Table 6). As expected, some interference from frame-net
turbulence was observed when the meters were located on the
outside (1 & 3, Table 6). A moderate 1loss of efficiency.
probably resulting from clogging of the 63u net (Smith et al.
1968) was observed in the 30.5 m tows, and a severe loss in the
60.9 m tows (compare run 1 with runs 2 & 4). No such effect was
observed with the 202u nets. Overall, average efficiencies of
the 63u nets for all samples were 7% (SD = 3.5) 6% (SD = 3.8)
and 6% (SD = 3.0) for the Culvert, Lagoon, and Control stations
respectively. The corresponding values for the 202u nets were
95% (8.7), 89% (8.7), and 80% (2.2).

Before the start of the study, 5 replicate samples with the
202u pumping apparatus were taken at the Mole Hole station. The
average density per sample was 910 indiv./m3, with average
standard deviations per subsample (5 each) of 38.2, 58.1], 59.1,
88.9, and 55.6 indiv./m3. A large part of this variation was due

to copepod nauplii which had a coefficient of variation of 52.2
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over the 25 subsamples.

Sample Volumes. Average volumes filtered with the different gear
types were as3follows: 202u nets: 9.69 (SD = 0.8) m3, 202u pumps:
2589 (0.01) m , 63u nets: 0.721 (0.04) m3, 63u pumps:0.58 (0.002)
m . As with the nets, the bottom and side screens of the 63u
cylinders usually clogged before the prescribed two minutes of
pumping had elapsed. When this happened, the pump and timer had
to be stopped to prevent overflowing and the screens had to be
cleared by tapping them from the outside for several minutes.
Only after all the water in the cylinder had filtered through,
could pumpinql be resumed until the full 2-minute sample was
completed. Clogging of the 202u screens was infrequent and the
full 10-minute interval could wusually be pumped without
interruption.

Faunal Similarity.

To get an indication of the taxonomic correspondence between
samples collected with pumps and nets of the same mesh size, we
computed two similérity indices; Jaccard’s qualitative similarity
index (JS) and Czekanowski’s quantitative index (CZ2), Dbetween
contemporary samples collected at the same location. Jaccard’s
index gives an indication of the similarity in the identities of
the taxa in the two samples and is not influenced by differences
in the abundance of taxa in the two samples. Czekanowski’s.index,
on the other hand, takes into account not only the species
identities, but also their relative abundances; its value can be
overly influenced by a single large discrepancy in the abundance

of a taxon between the two samples. We chose this index,

however, because of its linear correspondence with actual sample
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overlap (Bloom 198l1). Both indices are non-probabilistic, and as
such are sample size dependent (Simberloff 1978). This
dependency, however, should have little influence on our results
since the samples being compared here usually had similar numbers
of taxa.

As expected, the values of CZ were generally lower than
those of JS (Table 7). This resulted from the aforementioned
influence on the index of large differences in abundance of one
or a few taxa between the two samples. In general, the similarity
between the pump and net catches at the same site was
intermediate to low, ranging from 0.263 (CZ) for the 202u gear at
the culvert station to 0.672 (JS) for the 63u gear at the same
station. In contrast, replicate samples with the same gear type
yielded catches with 0.717 (JS) similarity (Table 7).

Plankton Density.

Overall, densities of organisms in the samples were
consistent Dbetween sites, between gear types, and between
different mesh sizes. There was a high correlation in mean
densities per taxon between data obtained with the different gear
types (Table 8), but there were some major differences in total
density between collections on some sampling dates (Table 9f.
Total density estimates, however, were much higher in pump and
net samples collected with the 63u mesh gear than with the 202u
gear. Average overall densities per sample were 5,549 and 2,878
indiv./m3 for 202u pump and net samples, respectively whereas
the corresponding values for the 63u gear were 403,907 and

3
279,277 indiv./m . This was partly due to undersampling of the
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smaller organisms by the 202u gear, and to the relatively 1low
volumes filtered with gear using 63u mesh screens which resulted
in very high conversion values (from mean number of individuals
per sample to density per cubic meter) and thus, yielded inflated
density estimates.

Discussion.

No single method is totally adequate for obtaining
representative samples of the plankton community of an area. On
the other hand, logistic, time, and financial constraints usually
preclude the wuse of a large number of techniques in any given
study (Fraser 1968). The particular choice of methods utilized
will depend upon the aim of the study, the physical conditions
existing in the area of interest, and the resources available to
the investigator.

Some of the major advantages of the methods described here
are the ability to sample areas that cannot be sampled
effectively with more conventional gear, 1low cost, portability,
and relative ease of operation. Major disadvantages arise from
the fact that sampling is possible only to a very limited depth
and, in the case of the nets, that speed of tow is 'relatively
slow.

‘ Improper sampling of the deep layers of the water column is
not a factor in areas for which these methods were designed since
the water 1is at most only a few centimeters deeper than the
effective sampling depth of the equipment. Speed of tow however,
may have to be taken into consideration when evaluating results.
The slow speed will likely allow escape and/or avoidance by the

more actively swimming organisms in the water column. O0On the
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other hand, it may reduce the number of organisms escaping
through the meshes due to distortion of the meshes and
compression of organisms by water pressure (Heron 1968, Vannucci
1968), and may also reduce turbulence in front of and upstream
from the net thus reducing net avoidance (Raymont 1983, Clutter
and Anraku 1968).

Recent studies of estuarine zooplankton report sample sizes
(i.e. volumes filtered) in the range of 1 to 6 m3 (Barnes 19489,
Barlow 1955, Johnson 1980, Williams 1984); volumes obtained with
the 202u gear were equal to, or higher than the above, and were
limited not by the gear itself but by the physical dimensions of
the habitat. Under different conditions, both 202u pump and net
sample sizes could be increased considerably if so desired.
Sample volumes obtained with the 63u gear alone however, may be
too small for some studies requiring accurate description of
community structure of the zooplankton of an area.

If all the organisms collected with each gear type during
the study are pooled, the similarity between pump and net samples
is close to 70%, but comparisons of data from individual sampling
dates indicate much lower similarities (Table 2). Thus, both
nets and pumps appear to be necessary for proper sampling 6?
these habitats.

There has been considerable debate over the advantages and
disadvantages of different techniques for sampling zooplankton
(Clutter and Anraku 1968). A combination of methods such as were
used in this study wusually represents the best possible

compromise. Rectangular nets and various forms of pumping have
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been wused successfully before (Barnes 1949, Fulton 1984, 1985)
and were the only workable configurations for sampling in sites

such as the ones described here.

RESULTS

Number of Taxa.

In total, 68 taxa have been recovered so far from our
collections (Appendix A). Figure 17A shows the total number of
taxa (exclusive of fish, and macrocrustaceans) collected at each
.station. As expected, the Lagoon station was the most diverse
(48 taxa), followed by the Culvert (43), Control (37) and Mole
Hole (34). If all taxa are included, the corresponding numbers
are 55, 47, 41, and 36. In total, B taxa were collected only at
the Lagoon station, whereas 2 were collected only at the Culvert
and Control, and 1 taxon was collected only at Mole Hole. Six
taxa were missing only from Mole Hole collections, two from
Control, and none from the Culvert, or Lagoon.

Of the six taxa missing from Mole Hole only, three were
relatively rare at the other stations (Ceriantaria, Oligochate
sp. A, and Arqulus sp.). The remaining three taxa (Bivalve
larvae, Balanus larvae, and Ascidean larvae) were relatively
common at the other sites. The two taxa missing from the Control
station were Sphaeroma sp. and Anomuran zoea; the former was rare
at the other stations whereas the latter was relatively common.

Temporal patterns iﬁ numbers of taxa collected at the
different sites are fairly consistent. Peaks in diversity were
observed in the summer of 1982 (May - August depending upon the

site) and minima during the spring of 1983 (April-May).
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Secondary peaks in diversity were observed at some sites duriﬁg
November - December of 1982 (Figures 18A - 25A). There is some
indication that the spring-summer peak observed in 1982 may be
repeated during the summer of 1983, but a definite conclusion
will have to wéit until the remaining samples are processed.
Density.

Overall, highest densities of organisms were collected at
Mole Hole, followed in descending order by the Lagoon, Control,
and Culvert sites (Figure 17B). This hierarchy holds true for
densities obtained from 202u and 63u collections as well as for
both combined.

The seasonal patterns of density are less clear cut' than
those of numbers of taxa. This 1is partially due to the
previously-mentioned discrepancies in density estimates between
202u and 63u gear. For the 202u data there were peaks in density
during May - August of 1982 at the Culvert and Lagoon stations,
and during April - June of 1983 at Mole Hole and Control, with a
secondary peak during December of 1982 at Control (Figures 18B -
21B).  The 63u data show irregqular peaks from May to October of
1982 at the Culvert and Lagoon sites, from May to September of
1982 and April to June of 1983 at Mole Hole, and on December of

1982 and June of 1983 at the Control site (Figures 22B to 25B).

DISCUSSION
At least superficially, the kinds and densities of organisms
captured during the study appear to be typical of shallow
estuarine areas. As in most such areas, copepods are the most

abundant planktonic group, with typical estuarine forms such as
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Acartia tonsa, Qithona nana, 0. colcarva, Erqasilus sp.,

Scottolana canadensis, and miscellaneous copepodites dominating
the collections.

The observed patterns of total diversity indicate that the
ubiquitous species-area (Arrhenius 1921)/species-isolation
phenomena may also be at work here. The hierarchy in total
numbers of taxa (Lagoon > Culvert > Control > Mole Hole) follows
a trend of increasing site isolation and decreasing size.
Although we may be stretching the classical meaning of
‘isolation’ by applying it to these sites, the patterns of
missing species at Mole Hole and Control may justify its use, at
least for heuristic purposes. A complicating factor is the fact
that fewer samples were taken at Mole Hole than at the other
sites, but the observed results appear to hold whether we
consider all samples, or only those obtained by pumping.

One puzzling aspect of the density patterns is the fact that
the smallest total density estimates were from the Culvert
station. Several processes may be invoked to explain this
observation. It may be that this station represents a
‘transition zone’ between the marsh and lagoon were few taxa
maintain standing populations but many different taxa are
collected because of the nearness of the lagoon-marsh connection.
This area may also be a high-predation area, where predators,
particularly fish, wusually find refuge from receeding waters.
Alternatively, it may be that certain physical parameters
existing at this site either limit population increase or prevent

the build-up of high population densities (i.e. Dby continuous or
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discontinuous transport to other locations). The proximity of
the culvert, and the fact that many portions of the marsh drain
into this area may be significant in this respect. Analysis of
individual samples, as well as examination of the data from Mole
Hole after installation of the culvert may help us narrow the

alternatives.
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PART 4

NWATER QUALITY



INTRODUCTION

Water, the pervasive and all-important medium of salt
marshes and mangrove swamps is a highly variable substrate in
these habitats. Whereas water quality charcteristics in the
ocean depths are relatively constant, the water quality of
marshes and shallow estuaries are known to fluctuate widely, with
some parameters often exhibiting natural diel variations that
extend into the 1long-term 1lethal range of many estuarine
organisms (E.P.A. 1976). The water quality at any given location
of a marsh or estuary depends, to a great extent, upon four
processes: 1) sediment-water interactions, 2) land runoff, 3)
direct human impact, 4) seawater inflow.

The Indian River lagoon exhibits few deviations from the
above generalities. Water quality in the lagoon ranges from good
to poor; the areas with the most severe water quality problems
being those most impacted by human intervention (Poole 1985).

The lagqunal nature of the Indian River has a significant
impact upon its water quality. The major connections from lagoon
to ocean, the St. Lucie, Ft. Pierce, and Sebastian inlets all
occur within the sourthern half of the lagoon, and their actual
flushing effect may only extend a mile or two on eitherrside of
the 1inlets (Ryther 1985). Likewise, three of the four major
sources of fresh water, the St. Lucie and Sebastian Rivers and
Taylor Creek, are located within the southern half of the lagoon.

Only Turkey Creek provides direct fresh water input ¢to the

northern half of the Indian River.

Thus, overland runoff and autochtonous lagunal processes,

including those occurring within the lagoon‘s marshes, are
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extremely important to the water quality of the Indian River.
Modifications to the marshes and mangove forests along the lagoon
can have profound effecﬁé, not/only upon the specific habitats
being impacted, but also upon water quality along significant
portions of the lagoon.

Below we report on studies on the diel and seasonal
variations of several water quality parameters in impounded

marshes along the Indian River and in the surrounding 1lagunal

waters.

METHODS

Sampling Stations.

Mole Hole: A small, shallow pond at the N.W. corner of
impoundment IRC #12. It is connected to the perimeter ditch and
is directly influenced by water flow through the north culvert.
It 1is surrounded by black mangroves and Salicornia spp. with
Brazilian Peppers also occurring on the dike side.

IR-0 - IR-20: A series of four stations on the Indian River

side of the north culvert. IR-0 is located just outside of the
culvert, and IR-5, IR-10, and IR-20 at 5, 10, and 20 meters
respectively, in a straight line away from the culvert.

Rain Gauge: A small semi-permanent pond at the N.E. corner
of IRC #12. It is surrounded by stands of Salicornia spp.

Pond P-3: A fairly large but shallow permanent pond located
near the center of the impoundment. The vegetation near this
site consists of Salicornia spp. and a few black mangroves.
Fairly extensive barren areas and numerous black mangrove stumps

also occur near this station..
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Hibreed & Lobreed: ‘Depressions’ in flats on the east side

of the impoundment, surrounded by bliik mangroves and barren
areas. Historically, these have been areas with high and low
production of salt marsh mosquitoes.

South Culvert (Imp.): At the perimeter ditch, near the

mouth of the south culvert.

South Culvert (Lagoon): In the Indian River, outside the

south culvert.

Control: In the perimeter ditch of the adjoining
impoundment (SLC #24). This site has been totally isolated from
the lagoon except for a short period when a culvert was opened to
release excess water.

Sampling platforms have been constructed at the Hibreed,
Lobreed, Rain Gauge, P-3, and Control stations to prevent
contamination of the water samples with substrate and also to
prevent the creation of ruts and/or trails by foot traffic that

may influence fish movements across the marsh.

Field Methods.

All sites were visited during each sampling cycle and the
following variables were measured at each site: D.0. and water
temperature (Yellow Springs Model 56 D.O.-temperature meter),
Salinity (Corning temperature compensating refrac?ometer), pH
(Gallenkamp pH probe), and air temperature (mercury
thermometer). A water sample was also collected from each
station with the exception of the South Culvert (Lagoon) site.

Samples were collected 6-10 inches from the surface (closer to

the surface when water levels were low) by immersion of a one-
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quart Nalgene bottle. If the water levels were very low, samples
were collected with a hand pump.

After collection, d’ - 125 ml aliquots were extracted from
each sample and stored in separate Nalgene bottles. The rest of
the samples were immediately vacuum-filtered through 0.045u
Gelman filters. The filtered samples were then transfered to 125
ml Nalgene bottles, fixed with 1 ml of HgCl , and stored on ice
for transfer to the laboratory. :

Four such cycles were carried out during each sampling (bi-
weekly during the first year, and monthly during the second).

Cycles started at 8:30 am, 2:30 pm, 8:30 pm and 2:30 am. (EST).

Laboratory Analyses.

All laborétory determinations except for tannin-lignin and
dissolved solids were carried out on the filtered and fixed
fraction of the samples using a Technicon II Autoanalyzer System.
The specific methods are outlined in the Technicon Industrail
Methods Manual (Technicon 1973), with certain modifications
described by Zimmerman and Montgomery (1984). Below is a short
description of these methods.

Ortho-phosphate: (Technicon Industrial Method 155-71W).

Colorimetric determination: phosphomolybdenum blue complex, 880
nm filter. Sampling rate = 30/hr with a wash-sample ratio of
2:1. Range: 0 - 4.0 ugat/1l.

Total Phosphorus: Same procedure as above after persulfate

digestion.

Total Organic Phosphorus: By subtraction of ortho-phosphate

from total phosphorus.

Nitrate + Nitrite: (Technicon Industrial Method 158-71W).
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Colorimetric determination after reduction of nitrate to nitrite
by passing sample through a cadmium-reduction column: reddish-
blue azo die, 550 nm filter. Sampling rate = 40/hr with a wash-
sample ratio of 4:1. Range: 0 -5.0 ugat/1l.

Nitrite: Same method as above but without cadmium reduction.

Nitrate: By subtraction of Nitrite from Nitrate + Nitrite.

Ammonium: (Technicon Industrial Method 154-71W).
Colorimetric determination: blue-colored compound related to
indophenol, 630 nm filter. Sampling rate 30/hr with a wash-
sample ratio of 2:1. Range: 0 - 12.0 ugat/l.

Total Nitrogen: (D'Elia et al. (1879, Zimmerman &

Montgomery (1984)). Persulfate oxydation followed by Cadmium

reduction. Colorimetric determination as for nitrate & nitrite.

Tannin-Lignin: (HACH TA-3 Tanning-Lignin Test).
Colorimetric determination: | blue color in ‘TanniVer 3' reagent.
Range: 0 - 15 and 0 - 150 mg/1 tannic acid.

Dissolved Solids: (Myron L 5123T DS Meter). Direct reading.
Range: multiple.

Autoanalyzer output was converted to concentrations with an
RPL program for the RS/1 Data Analysis System run 1in Digital
Equipment Corporation PRO 350 & PRO 380 computers. At least two
replicates were run for each sample and the means were used as

the values for each sample.

YEAR ONE DATA
As mentioned in the introduction, some very intensive
‘number crunching’, data manipulations, and statistical analyses

will be necessary before interpretation of the water quality data
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is possible. The time and effort involved in such an endeavor ‘
precludes our inclusion in this report of ‘preliminary analyses’
of a partial data set and later repetition of the process with the
complete set. Instead, we will include a graphic presentation of
central tendencies and variability of the data from the first
year’'s sampling with little discussion or interpretation. The
purpose of this presentation is to give the reader an indication
of the type of fnformation that is being generated Dby this
portion of the study.

The means for the water chemistry variables measured during
the study are presented in Figure 27, and their coefficients of
variation 1in Figure 28. It is evident from these figures that
there are significant differences in many of the variables among
the sites, and that some of the sites are more variable than .
others. It appears that Hibreed, Lowbreed and P3 will be the
most deviant =sites and also the most variable. It should be
noted that some outlying (in the statistical sense) measurements
are included in these calculations and they me be eierting a
disproportionate influence on the values displayed in the

figures.
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PERSPECTIVE: PROJECT TO DATE

Our vegetation work illustrates the complexity of the
vegetation dynamics of impounded marshes. We have learned that
infreqent events, such as l0-year storms, may have profound
effects upon the marsh vegetation, and that plans to quickly
release excess water resulting from these events must be
incorporated into any management design. We also have an
indication that the marsh soil chemistry may be significantly
affected by several years of ‘non-management’, and that the
effects may be 1long-lasting. We have demonstrated adverse
effects of pump-induced flooding which may be related to the
above phenomenon.

Although still preliminary, the plankton data indicate that
areas of impounded marshes can support abundant and diverse
plankton populations, but that artificial structures and
alterations to the marsh can have significant influence on the
abundance, distribution and composition of its plankton
communities. It is also evident from our data that connection to
the 1lagoon 1is important in maintaining a diverse and stable
zooplankton assemblage in the marsh. One of the most interesting
aspects of this study will be a joint evaluation of the effects
of these marsh structures, modifications and management
strategies on fish and zooplankton distribution, "and of the
interrelationships between the two.

It 1is apparent by mere inspection of the water quality data
that different regions of impounded marshes have different water
quality characteristics. This 1is not necessarily a result of

impounding, but our analysis will try to identify particular
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problem areas in the marsh and their relationship to water

control structures and strategies. We will also characterize the
water plume emanating from impoundment culverts, and the effects
of incoming lagoon water upon impoundment water quality.

The above conclusions are, by necessity, of a generalized
nature, and include only a few of the many patterns and processes
that we expect to characterize after completion of the data
analysis. It is obvious from this report, that a massive amount
of information has been generated by all investigators since the
start of this study. Even though the data being produced is
extremely valuable from a purely scientific point of view, the
ultimate payoff of projects such as this one has to be the
development of Dbetter ways to manage salt marshes. Some
reccomendations to this effect are included in this report, but
the Dbulk of our insights will come at a latter date, after the
data 1is thourouqghly analyzed. Further advances are to be
expected after the results are circulated among researchers and
resource managers, who may use it to solve some very specific
problems, and who will formulate their own conclusions and will
develop new applications for our results.

Many valuable sampling techniques have been developed during
this project and these will serve investigators faced with
similar sampling problems in the future. Also, as is usually the
case, this project will raise more questions that it will answer,
thus pointing the way to promising areas for future research.

One shortcoming that we have all experienced during the project

has been a chronic shortage of manpower. Although we have Dbeen
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surprisingly successful in adhering to the planned sampling
schedules, keeping up with the sample processing, data mangement
and statistical analysis has been impossible, even with
considerable investment of time from no-project personnel.
Communication between investigators has been excellent,
thanks to agresive coordination by the project manager. This has
paid off in cooperation in many aspects of the project as well as
in the avoidance of repetition of effort. The administrative and
fiscal structure of the project, with one primary grantee and
several subcontractors has also been advantageous. This
arrangement has allowed for the most efficient wutilization of
funds, has maintained uniformity and continuity in reporting and
other administrative matters, and has freed the investigators
from many grant-related administrative duties. The only
disadvantage of this arrangement has been a serious shortage of
funds due to the fact that we are conducting seyeral intensive

research projects under a single-project funding ceiling.
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14.

FIGURE LEGENDS

Map showing the location of the transects (lines &

x's), and the location of the post-pumping quadrat
locations (circles).

Scale maps of the transects. (A) IRC #12, (B)SLC #24.
(A) Total ground vegetation cover, (B) Total ground

vegetation frequency along the transects in the two
impoundments.

(A) Total mangrove cover, (B) Total mangrove
frequency along the transects in the two
impoundments. é

(A) Mean S. virginica cover, (B) Mean S. virginica
frequency along the transects in the two
impoundments.

(A) Mean S. Dbigelovii cover, (B) Mean S. bigelovii
frequency along the transects in the two
impoundments.

(A) Mean B. maritima cover, (B) Mean B. maritima
frequency along the transects in the two
impoundments.

(A) Mean R. mangle cover, (B) Mean R. mangle
frequency along the transects in the two
impoundments.

(A) Mean A. germinans cover, (B) Mean A. germinans
frequency along the transects in the two
impoundments.

(A) Mean L. racemosa cover, (B} Mean L. Yracemosa
frequency along the transects in the two
impoundments.

(A) Mean mangrove growth per month in the two
impoundments. (B) Total % mortality of red, black,
and white mangroves at IRC #12 and SLC #24.

Mean water level at the post-pumping survey locations
(A) IRC #12, (B) SLC #24.

Results of the post pumping vegetation surveys. (A)
IRC #12, (B) SLC #24. Values plotted are means for
twenty quadrats at each site.

Pneumatophore heights (squares) vs. water levels
(circles) at SLC #24 after the Thanksgiving 1984
storm. Arrows 1indicate the dates when the 15" and
30" culverts were installed.
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Figure

Figure

Figure

Figure
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15.

l6.

17.

18.

19.

20.

21.

22.

Illustrations of the plankton gear. {A) hand nets
(B) pole-float assembly, (C) filtering cylinders, (D)
side wall of cylinder showing some of the exhaust
holes, (E) removeable bottom screens of the
cylinders, (F) floating net mounted on its frame, (G)
net under tow, (H) net collecting vessels.

Location of the plankton and water quality sampling
sites.

(A) Total number of taxa, (B) total plankton
densities collected at various sites.

(A) Numbers of taxa, (B) densities collected at Mole
Hole during each. sampling with the 202u gear.

(A) Numbers of taxa, (B) densities collected at the
Culvert Site during each sampling with the 202u gear.

(A) Numbers of taxa, (B) densities collected at the
Lagoon Site during each sampling with the 202u gear.

(A) Numbers of taxa, (B) densities collected at the
Control Site during each sampling with the 202u gear.

(A) Numbers of taxa, (B) densities collected at Mole
Hole during each sampling with the 63u gear.

(A) Numbers of taxa, (B) densities collected at the
Culvert Site during each sampling with the 63u gear.

(A) Numbers of taxa, (B) densities collected at the
Lagoon Site during each sampling with the 63u gear.

(A) Numbers of taxa, (B) densities collected at the
Control Site during each sampling with the 63u gear.

Numbers of taxa collected during each sampling at the
temporary ponds. .

Mean values of physical-chemical variables recorded
at the various sites during each of the four
sampling cycles. (A) Air temperature, (B) water
temperature, (C) pH, (D) dissolved "oxygen, (E)
salinity, (F) total inorganic P, (G) total organic P,
(H) total P, (I) ammonia, (J) nitrite, (K) nitrate,
(L) total persulfate N, (M) dissolved solids, (N)
tannin-lignin.

Coefficient of Variation of the physical-chemical
variables measured at the various sites during each
of the four sampling cycles. (A) Air temperature,
(B) water temperature, (C) pH, (D) dissolved oxygen,
(E) salinity, (F) total inorganic P, (G) total
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organic P, (H) total P, (I) ammonia, (J) nitrite, (K)
nitrate, (L) total persulfate N, (M) dissolved
solids, (N) tannin-lignin.
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