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ABSTRACT 

Tobin R. Overdorf 

Fishes ofthe Kissimmee River Floodplain, Prior to Restoration 

Florida Atlantic University 

Dr. Walter R. Courtenay, Jr. 

Master of Science 

1999 

The density and diversity of fishes ofthe Kissimmee River Floodplain have been 

affected by channelization of the Kissimmee River, Reduced hydrology, human 

encroachment, and overall loss of habitat appear to have reduced the level of fish 

diversity and density within the floodplain of the Kissimmee River. This landmark 

study collected vegetative habitat and fish population density and diversity data within 

the altered floodplain for baseline information prior to initiation of river restoration 

activities in the form of dechannelization. Secondary studies included poecillid 

fecundity data as well as a localized rotenone study within the previously restored area 

of Pool B. Overall results ofthe study indicate that post restoration floodplain fish 

collection studies should reveal increased fish density and diversity within the 

expanded and restored floodplain habitat. 
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Foreword 

The following Master' s thesis is the result of a cooperative effort between 

South Florida Water Management District (SFWMD) and Florida Atlantic University 

(F AU). The original intent of this study was to report on the interaction and 

population of fishes within the Kissimmee River basin. After a more detailed 

examination ofthe broad scope ofthis type of study, and consideration of person 

hours available, the study was refined to that which is reported herein. This thesis 

contains one main study and two studies of a more peripheral nature. Additionally, 

the history of the Kissimmee River was examined to educate reader and researcher 

alike. Each "section" of this study is intended to be independent of the other, and 

therefore, they, by necessity, contain some repetition. All aspects of the study are 

summarized in the fmal "conclusions" section. 

The investigative team was comprised of personnel from both SFWMD and F AU. 

Field personnel consisted mainly of Albrey Arrington (SFWMD), Joe Koebel 

(SFWMD), and Toby Overdorf(FAU). While several other people had contributory 

roles with lab and field efforts, they are too numerous to mention here and were 

recognized within the acknowledgements. 
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Chapter One 

Kissimmee River History 

Located in central Florida, the 6,192 km2 Kissimmee River basin runs from 

the city of Orlando to Lake Okeechobee. The lower basin extends for 1,963 km2 

between Lake Kissimmee and Lake Okeechobee and includes tributary watersheds of 

the Kissimmee River. The historic Kissimmee River traveled approximately 166 km 

and maintained a 1.5 to 3 km wide floodplain that together sloped to the south from 

an elevation of 15.5 mat Lake Kissimmee to 4.6 mat Lake Okeechobee (Koebel, 

1995). The historic floodplain/river interaction was unique among North American 

systems due to its geographical and climatological characteristics. The Kissimmee 

River is also the only major river system in Florida that does not discharge directly on 

a coast (Nordlie, 1990). Records indicate that 94% of the floodplain was inundated 

over 52% ofthe time between 1942-67, and maintained water depths of0.3-0.6 m or 

more (Toth, 1991). Only peripheral areas ofthe more than 17,820 ha (44,000 acre) 

floodplain underwent consistent annual drying typical of a subtropical wet-dry cycle 

(Toth, 1991), but during three separate years, 84% ofthe floodplain was dry for at 

least five months (Toth, 1990). For 11 of the 25 years on record, 80% ofthe 

floodplain was inundated and was often 100% inundated (Koebel, 1995). 

In the late 1800's, fewer than 1,000 people lived in what are now known as 
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Miami-Dade, Broward, and Palm Beach counties (Culotta, 1995). Farther north, the 

conclusion ofthe Third Seminole War in 1858 prompted settlement of the Kissimmee 

Basin by ranchers, farmers, as well as timber and turpentine dealers. Government 

aided development by providing currency and subsidies through the State-sponsored 

Swamp and Overflowed Lands Act of 1850 (McCaffery, 1977). Hamilton Disston, 

an industrialist from the northeast who realized the value of drained swamps as fertile 

farmland, created a series of trenches that connected the Upper Basin and the first 

navigable channel, the Caloosahatchee Canal, to the GulfofMexico (McCaffery, 

1977; U.S. Army Corps ofEngineers, 1991). These actions effectively dropped water 

levels in the Upper Basin by six feet or more and raised water levels in Lake 

Okeechobee (Schneider and Hartwell, 1984 ). Transportation fust directly modified 

the river when a Federal channel with a "width of 30 feet and a depth of 3 feet" was 

authorized for navigation in 1902 between the town of Kissimmee and Fort Bassinger 

(U.S. Army Corps ofEngineers, 1991). Even after this initial modification, 

luxurious, mahogany decked steamships would travel the still meandering river 

bringing passengers past vibrant marshes filled with white ibis and flocks of other 

wading birds (Culotta, 1995). 

As in other areas of the country, cultural development had an adverse affect 

on the river-floodplain ecosystem (Bayley, 1995). By the 1920's south Florida had 

grown to a population of approximately 250,000 people with about 103,680 ha 

(256,000 acres) of agricultural land (McCaffrey, 1977). This was mainly due to 

active draining of swamplands and initial efforts of the State and Federal 

governments promoting the expansion of south Florida. Then, during the hurricanes 
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of 1926 and 1928, three thousand lives were lost around Lake Okeechobee due to 

flooding associated with torrential rains. This sparked public outcry resulting in 

Congress authorizing the U.S. Army Corps of Engineers (COE) to modify the 

Kissimmee navigation project to include flood control (U.S. Army Corps of 

Engineers, 1991). After World War II, rapid growth and economic development 

within Florida as well as a severe hurricane in 194 7 intensified public pressure to 

continue to reduce the threat of flood damage throughout the Kissimmee basin. The 

State ofFlorida then requested the federal government to prepare a flood-control plan 

for central and southern Florida (U.S. Army Corps ofEngineers, 1985). In 1948, 

Congress authorized the COE to initiate the Central and Southern Florida Project for 

flood control and protection, and specifically authorized the Kissimmee River project 

in 1954 (Koebel, 1995). The Central and Southern Florida Flood Control District, 

legislatively created by the State in 1949, would serve as the local sponsor ofthe 

project (McCaffery, 1977). 

A 90 km long, 9 m deep, 100 m wide, box-cut canal was dredged through the 

river/floodplain system between 1962 and July 1971 by the COE (Arrington, 1995; 

Koebel, 1995) for a cost of over 23.6 million dollars (McCaffery, 1977). The newly 

named Canal 38 (C-38) was divided by six water control structures (S-65, S-65A, S-

65B, S-65C, S-65D, and S-65E from north to south, or from upstream to 

downstream). The structures acted as dams and were located to step the canal water 

level down in approximately 2m increments (U.S. Army Corps ofEngineers, 1991). 

This effectively divided the river into five pools or stair-step impoundments (Pools A

E), each pool named for its southernmost water control structure. Instead of a gradual 
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slope and watershed, the C38's water control structures created impounded, inundated 

areas at the south end of each pool and fully exposed river bank and floodplain at the 

north end (Toth, 1991). 

As a result of channelization, 12,000-14,000 ha of pre-channelized floodplain 

wetlands were drained or converted into canal (Pruitt & Gatewood, 1976; Koebel, 

1995), with 2,800 ha of floodplain habitat obliterated by spoil placement (Arrington, 

1995). The floodplain wetland plant community coverage sustained a 65% total loss, 

with broadleafmarsh and wet prairie losing 86% and 48% respectively (Toth et al., 

1995). Many northern and middle reaches ofthe pools were claimed by ranchers and 

used as improved and unimproved pasture for cattle. Transfer of food items to the 

main river from the floodplain was interrupted due to elimination of historical water 

level fluctuations (Toth, 1991; Toth et al., 1993). Chronic low dissolved oxygen 

levels are now evident due to large amounts of decaying organic matter trapped on 

the substrate and due to low and no-flow regimes in remnant river channels (Toth, 

1991; Koebel, 1995). 

The controversial nature of channelization work throughout the country by 

COE and the Soil Conservation Service (SCS) forced Congress to commission a 

study by Arthur D. Little Co. of environmental effects of channelization (Schoof, 

1980). They found that from 1940 to 1970, 1,630 projects conducted by COE and 

SCS modified approximately 51,874 km(32,240 miles) ofwaterways. Almost 50% 

of these projects were concentrated in five states, including Florida (Little, 1973 ). 

Primary objections to channelization were destruction of wildlife habitat due to 

timber removal, lower aesthetic values, reduction of fisheries, and increased flooding 
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and sedimentation downstream (Schoof, 1980). Little ( 1973) stated that the $15 

billion spent on flood control reduced annual flood damages nation-wide by $1 

billion. 

Almost immediately after implementation of channelization in the Kissimmee 

Basin and throughout construction, a grassroots movement called for a halt to the 

canal and full restoration of the river (Schneider & Hartwell, 1984; U.S. Army Corps 

ofEngineers, 1991). Political support began when Florida Governor Ruben Askew 

held a water management conference in September 1971 to draw attention to the 

decreased levels of water quality and fish and wildlife resources (Toth and Aumen, 

1994 ). The record drought of 1971 prompted further questions, and in November 

1972 the Flood Control District conducted public hearings on channelization and 

environmental impacts in the Kissimmee River basin (McCaffery, 1977). State 

funding was provided to investigate restoration after the Florida legislature provided a 

mandate in 1976. This was followed by federal support in 1978 when U.S. House of 

Representatives and Senate committees directed the COE to address the possibility of 

modifications to flood control systems in light of environmental concerns (Toth and 

Aumen, 1994). 

In August 1983, after seven years of restoration studies, the legislatively 

created Kissimmee River Coordinating Council recommended dechannelization 

(Toth, 1991). The restoration proposal was implemented on 26 July 1984 when the 

first shovel of dirt was symbolically thrown into the canal by Florida Governor Bob 

Graham (Schneider and Hartwell, 1984). The South Florida Water Management 

District (SFWMD), successor of the Central and Southern Flood Control District, 
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designed a Demonstration Project to gain information on feasibility of 

dechannelization. The project consisted of constructing three notched steel weirs 

across C-38 to simulate the effects of backfilling. The steel weirs would act as 

barriers to channelized water, thus diverting flow through adjacent remnant river 

runs. Also included in the project were a pool stage fluctuation schedule, creation of 

a "flow-through" marsh, and hydrologic modeling studies (Toth, 1991 , Koebel, 

1995). 

The Demonstration Project showed that with restored flow regimes, oxbows 

were able to flush layers of decaying organic matter and restore themselves and 

adjacent littoral vegetation zones to functional capacity. As a result, SFWMD and 

COE developed four potential restoration plans, and ofthese, a modified Level II 

Backfilling Plan was accepted. It called for continuous backfilling ofC-38 from the 

middle reaches ofPool B to 3.2 km north ofS-65E. This plan would eliminateS-

65B, S-65C, and S-65D and related water control structures, including spillways, 

locks, auxiliary structures, and tieback levees (U.S. Army Corps of Engineers, 1991) 

at a projected cost of $370 million (Culotta, 1995). 

In July 1991 , seven select scientists were asked by SFWMD to serve on an 

advisory panel to provide recommendations for development of a comprehensive 

ecological evaluation program (Koebel, 1995). Their evaluation program included 

five major phases: 1) establishing reference conditions; 2) establishing baseline 

conditions; 3) assessing construction impact; 4) post-construction impact assessment; 

and 5) adaptive management. 

In March 1994, a test fill was created in the southern end ofPool B (north of 
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S-65B) to assess construction methodologies prior to full scale implementation of 

backfilling. Approximately 300m ofC-38 were backfilled with adjacent spoil left 

from dredging (Koebel, 1995). This single project represented the largest river 

restoration project of its kind in North America to date, but constituted a trivial spatial 

alteration on the scale of the full planned restoration. 

The Kissimmee River Demonstration Project has shown that recovery of pre

channelized habitat is possible (Toth et al., 1995). It has also cleared the way for full 

restoration of 104 km2 of river/floodplain ecosystem, including 11 ,000 ha of wetlands 

and 70 km of continuous river channel to begin with Phase 1 in Pool C (north of S-

65C). 
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Chapter Two 

Main Study 
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Introduction: 

Evaluation of the Kissimmee River restoration project is dependent upon 

establishing reference (target) and baseline (existing) conditions for various abiotic 

and biotic factors within the ecosystem, and comparing these conditions with post

restoration conditions (Koebel, 1995). Because of the visibility of the fish 

community within the Kissimmee River basin as a sport fishery (Bull et al. , 1991 , 

1994) and a protein source, its importance in the food web as links between primary 

aquatic producers and higher trophic level consumers, and its role in ecosystem 

processes, a thorough study of the ichthyofauna of the Kissimmee River and related 

community characteristics will be completed prior to initiation of restoration (Karr et 

al. , 1991 ; Dahmetal. , 1995; Trexler, 1995). 

Channelization is typically the widening, deepening, and straightening of 

waterways to increase their flow volume capacities and thus reduce flood risk 

(Schoof, 1980). When the Kissimmee River was channelized, approximately 12,000 

to 14,000 ha of floodplain wetlands were drained, covered with spoil, or converted 

into canal (Koebel, 1995). The majority ofthe waterflow is now through the nine 

meter deep canal and not across the floodplain and winding riverbed (Toth et al. , 

1995). Six water control structures now divide the channelized river into five pools. 

The current stair step hydrology allows for retention ofwater at the south end of each 

pool. Retained water is not restricted to the channelized river and thus overflows and 

maintains an impounded remnant floodplain. 

to . 



Channelization has been shown to reduce production of fish in many rivers in 

North America and Europe (Gebhards, 1973; Welcomme, 1979). In the Kissimmee 

River an estimated five billion fish were lost as a result of channelization (Milleson, 

1976). Recovery of fish populations depends upon improvement of habitat, whether 

it be artificially or naturally induced (Brookes, 1988). Paramount to restoration is re

inundation of approximately 11 ,000 ha of floodplain wetlands and successive 

recolonization of these areas by organisms typical of the historic floodplain (i.e. , 

plants, invertebrates, amphibians, fishes, reptiles, and wading birds) (Dahm et al. , 

1995). 

Collections prior to channelization (Florida Game and Fresh Water Fish 

Commission, 1957; Milleson, 1976) indicated that most Kissimmee River fishes, 

including game species, utilized floodplain habitat especially during times of high 

flow and extended overbank inundation (Toth, 1991). Trexler (1995) assumed that 

fishes such as largemouth bass (Micropterus salmoides) , black crappie (Pomoxis 

nigromaculatus), and bluegill sunfish (Lepomis macrochirus) utilized late-spring and 

summer water elevation levels to move into floodplain habitats to spawn and feed . 

The more important factor may have been seasonal outflow off the floodplain that 

transported forage fish, detritus, and invertebrates to the main river channel. 

Channelization and flow regulation replaced seasonal water fluctuation with 

relatively stable water levels throughout C-38, effectively eliminating nutrient and 

organismal exchange between the floodplain and main river channel. 

The fish fauna of the Kissimmee River presently includes 44 native and four 

exotic species: walking catfish (Clarias batrachus), blue tilapia (Oreochromis 
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aureus), grass carp (Ctenopharyngodon idefla), and common carp (Cyprinus carpio) 

(Bullet al., 1994; Trexler, 1995). Since channelization, three previously recorded 

native species have not been collected: blackbanded darter (Percina nigrofasciata), 

coastal shiner (Notropis petersoni), and tidewater silverside (Menidia beryllina). To 

date, composition of the ichthyofauna on the remnant impounded floodplain has not 

been thoroughly investigated. 

Two heavily vegetated habitats dominate the remnant impounded floodplain: 

broad leaf marsh and woody shrub. Broadleafmarsh vegetation communities (Toth 

et al. , 1995) currently comprise 10% ofthe existing floodplain habitat and are 

expected to make up 62% of restored habitat (Toth et al, 1995). This community is 

dominated by cut-grass (Leersia hexandra) and arrowhead (Sagittaria lancifolia), is a 

structurally heavy emergent herbaceous vegetation community, and, due to size and 

number of stems per square meter, is particularly challenging to sample for fish. 

Dominated by Scirpus sp., pennywort (Hydrocotle umbeflata), and spatterdock 

(Nuphar leuteum) (Toth et al., 1995), woody shrub is a relatively shallow depth 

community that historically was used by fishes during particularly high water events 

(Trexler, 1995). Both habitats are found only at the south end of each pool where 

there is evidence of some overbank inundation. Exposed floodplain at the northern 

and central reach of pools has been converted to improved and unimproved pasture 

(Milleson et al., 1980) and has been primarily utilized by local cattle operations. 

This study focused on the current floodplain fishes of the Kissimmee River. 

The main focus was to establish baseline figures for species richness and vegetation 

community preference, and to identify any dominant factors affecting distribution of 



fishes. Factors investigated included depth, stem density, canopy height, vegetative 

community, seasonality, and fish density and biomass per square meter. Secondary 

studies included a sampling efficiency study to assess use of our sampling gear, and a 

fecundity study focusing on eastern mosquitofish (Gambusia holbrooki) and least 

killifish (Heterandriaformosa) , two endemic livebearing fishes. 



Methods and Materials: 

Specimens were collected in broadleaf marsh (Pool A and C) and woody 

shrub (Pool C and D) communities (Toth et al., 1995) during quarterly sampling of 

the remnant Kissimmee River floodplain from August 1995 to May 1996. Pool A 

will not be modified during restoration and was, therefore, chosen as a benchmark to 

gauge post restoration success. Pool C will be modified during Phase I of restoration, 

directly impacting floodplain habitat. Baseline data gathered during this study will be 

used to gauge the speed at which habitat and species richness change will take place. 

Pool D will be modified during Phase 2 of restoration. Due to lack of similar woody 

shrub habitat in other pools, Pool D will serve as the reference site until that time. 

Pool B was not targeted as a sampling area for this study as restoration efforts had 

already begun that positively affected overbank inundation and floodplain hydrology. 

Habitat designated for sampling on a particular day was accessed via airboat 

when possible, and otherwise by walking, and a sampling site was then selected upon 

entry. Due to accessibility, true random sampling through grid stratification within 

each habitat was not achieved. Rather, a haphazard selection of the sampling site was 

completed and documentation of the site location was achieved with a portable 

Trimble ProBeacon® GPS unit that, with post processing, has accuracy to 

approximately two meters. The throw trap was then deployed by a two person team. 

Site selection was only biased by the size of the trap and its ability to have a complete 
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seal with the substrate and not by previous site selection or pre-selected sampling 

points. 

The first three sampling trips utilized a heavy 1 m3 steel throw trap, while the 

fourth collection utilized a 1m x 1m x 0.5m aluminum trap. The steel throw trap is a 

1 m3 stainless steel frame constructed of 1.9 em (o/.. inch) solid stainless steel rods 

with a total weight of approximately 26 kg (70 lbs.) which helps to prevent the trap 

from becoming lodged on top of vegetation. A 7.62cm x 0.64 em (3 inch x '14 inch) 

stainless steel plate welded vertically to the bottom of the frame functions as a cutting 

edge to insure a complete seal with the bottom substrate. The sides of the throw trap 

are covered with 1.6 mm (1/16 inch) mesh. The lighter aluminum trap had a 

reinforced frame with so lid metal sides that allowed for no passage of water and a 

complete seal with the substrate. Total weight was approximately 5.6 kg (15 lbs.). 

The height of the aluminum trap allowed for easier and more thorough vegetation 

clearing. Low water depths and field mobility were factors that precluded the use of 

this smaller and lighter trap. 

Once the trap was deployed (by throwing it), water depth, approximate mean 

and maximum vegetative canopy height, percent cover, and vegetation stem count by 

species were recorded. Water depth was recorded at each comer and the center of the 

trap, then these five readings were averaged to give mean water depth within the trap. 

Mean canopy height was determined by estimating the height reached above the 

surface water by a majority of vegetative stems within the trap. Vegetation canopy 

height was recorded at each comer and the center of the trap, then these five readings 

were averaged to give mean canopy height within the trap. Maximum canopy height 
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was determined by distance from the water surface to the highest vegetation present 

within the vertical column encompassed by dimensions of the trap. The percent cover 

was a measure of fully covered water surface and was estimated by summing open 

areas in each quarter of the trap and subtracting that number from 100%. Stem counts 

were obtained by counting individual stems of vegetation per species that protruded 

above the water' s surface. When surface waters were not evident within the trap, all 

counts were taken in relation to substrate. Water chemistry, including conductivity, 

temperature, pH, and dissolved oxygen, was recorded by portable HydroLab®, 

except when water depths did not allow for complete submersion of the sampling 

device. Data were recorded in a field notebook as well as electronically on the data 

logger of the Trimble ProBeacon® GPS Unit. Logging data in two ways facilitated 

better QA/QC of information. 

After site characteristic data were logged, all vegetation within the trap was 

removed by hand to below the water line. Dipnets with mesh size of 1.66 mm and 3 

mm were used to clear all fish from the trap. Dipnetting within the trap continued 

until ten consecutive dips yielded no fish. 

Collected specimens were cold shocked in the field, and then transferred to 

10% formalin for initial preservation at the Riverwoods Field Laboratory in Cornwell, 

Florida. Following transport to the Fish Collection at Florida Atlantic University in 

Boca Raton, Florida, and two weeks of formalin preservation, specimens were 

transferred to 50% isopropanol for fmal preservation. Identification to species and 

subsequent length measurements (standard and total length) were conducted and 

recorded at Florida Atlantic University. The 10% formalin initial preservation was 
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shown to not cause linear shrinkage by Kushlan et al. ( 1986). Representative 

specimens were also preserved to be included in SFWMD's permanent collection at 

the Riverwoods Field Station, and Florida Atlantic University's (F AU) Fish 

Collection; the F AU Fish Collection was relocated to the Florida Museum of Natural 

History, Gainesville, in 1999. 

Data were analyzed using Lotus 123©, Release 4, as well as Sigma Stat 

v2.01©, Sigma Plot v2.01© by Jande! Scientific and Microsoft Excel 97, SR-1. 

Biomass values were calculated utilizing Kushlan et al. (1986) mass-length 

relationship of fishes for the Everglades region. 
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Results: 

A total of 120 samples was collected from August 1995 to May 1996, 30 

samples per collection event in Pools C and D. Pool A was not sampled due to 

continual low water levels. The intended broad leaf marsh in this pool was not 

inundated sufficiently to provide suitable ichthyofauna habitat due to a planned 

drawdown of the Upper Basin by SFWMD. Based on reconnaissance by District 

personnel, a secondary broad leaf marsh habitat similar to Pool C was not available for 

quarterly sampling. 

Final catch numbers included 1,240 fish representing ten species, listed in 

Table 1. Least killifish and Everglades pygmy sunfish were present in all sampling 

events. Eastern mosquitofish were collected in eleven of twelve sample groups. 

These three species combined to make up 96.4% of the specimens captured. Least 

killifish alone comprised 64.5% of total specimens collected. Woody shrub habitats 

each had a total of four species collected, while broadleafmarsh had the greatest 

species richness with nine of the ten species documented collected here. Overall fish 

density per habitat was greatest in Pool C shrub. The largest number of fish caught in 

one ten-trap sample event was 352 in August 1995 in Pool C shrub, and the least 

amount was 22 in February 1996 in Pool D shrub. There were no ten-trap sample 

events that yielded a count of zero fish. 
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Biomass numbers were compared between pools and vegetation density 

(Table 1). Broadleafmarsh produced the greatest biomass levels with 107.25 grams. 

This far outweighed the 36.59 grams and 27.89 grams of biomass found in Pool C 

and D woody shrub respectively. Highest mass recorded for one sample period was 

Table I : Density and species richness of fishes captured during 
each sampling event and in each habitat. Each number per 
column reflects the sum of that species in ten throw traps. 
The months indicate when the sample event was 
completed. 

lugu•t \m'1'111her l·ehrrwry \lt~l' l'ut:ds 

Pool c c D c c D c c D c c D 
Habitat BLM Shrub Shrub BLM Shrub Shrub BLM Shrub Shrub BLM Shrub Shrub 

Species 
least killifish 

Heteratulrla formosa 76 249 89 70 9 145 31 40 10 36 16 29 800 

eastern mosquitofish 

Gambusio holbrook/ 38 77 29 19 28 18 6 6 47 5 274 

Everglades pygmy 
sunfish 
Elassoma evergladei 10 25 19 9 16 6 6 10 4 9 4 3 121 

Flagfish 

Jorda1U!IJJJ jloridae 3 13 2 6 24 

golden topminnow 

Futuluhls chrysotlls 2 6 4 12 

spotted sunfish 

Lepomis punctatus 

pirate perch 

Aphredoderus sayllllllS 2 

sailfin molly 

Poecilill hltiplnfUl 2 2 4 

Warmouth 

Lepomis gu/miiS 

walking catfish 

C1orios batrachus 

Totals 130 3!12 137 Ill 2!1 179 58 !16 22 182 2!1 33 1240 



41.8 grams in broad leaf marsh in November 1996. Lowest biomass was 1.3 grams 

for Pool C shrub in April 1996. 

Regression values were calculated for possible correlations between species 

richness, number of fishes, and biomass to environmental conditions such as stem 

density, canopy height, percent cover, type of vegetation, depth, water chemistry, etc., 

but no dominant trend was evident. After log transforming the data, the correlations 

were again calculated, but no dominant trend(~ 95%) was evident. The highest R 

Squared value found for both analyses involved depth and fish density (Table 2). 

PoolCBLM 
Pool C Shrub 
Pool D Shrub 

Table 2. Regression values for fish density vs. depth . Fish density 
(nwnber offish per meter squared) is compared to depth 
(centimeters) as both standard and log transformed data. 

Standard Data 
R Squared Standard Error 
0.03932 12.38 
0.3034 
0.2513 

22.45 
13.74 

Log Transformed 
R Squared Standard Error 

0.3837 0.4322 
0.5929 0.4242 
0.465 0.4458 

Ichthyofaunal vegetation preference was examined by comparing both fish 

density and biomass levels to the dominant stem count per sample. Table 3 reveals 

several trends, but no clear dominance. Fish density in Pool C BLM showed a 

preference for Pontedaria cordata, with larger fish congregating in Panicum 

hemitomon. Although Scirpus cubensis was dominant in Pool D woody shrub, fish 

density and biomass numbers were greatest when Lemna spp. had the highest stem 

count. Pool C woody shrub was also dominated by Scirpus cubensis, but Salvinia 

minima and Nuphar luteum contained highest mean fish density and biomass. 
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No dominant trend concerning either fish density, species richness, or 

individual species preference emerged after statistical and spreadsheet analysis. 

Several minor trends within each pool held some dominance as a recurring factor, but 

these trends were not replicated in each pool or habitat. 
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Table 3. Biomass levels of collected fishes according to sampling period, location , and species. 

Sample Period August November February April 

Habitat BLM C Shrub D Shrub BLM C Shrub 0 Shrub BLM C Shrub D Shrub BLM c D Shrub 
Shrub 

Species 

Least killifish 6.56 13.10 5.09 4.81 0.51 7.34 2.52 2.67 0.82 3.17 0.99 1.65 

Eastern mosquitofish 4.13 6.75 1.94 5.84 2.55 4.15 0.50 1.01 14.46 0.13 0.19 

Everglades pygmy 2.05 5.92 3.57 2.01 2.35 1.67 1.72 2.99 0.93 1.41 0.18 0.61 

sunfish 
Flagfish 077 8.73 0.52 13.54 

Golden topminnow 0.24 5.28 9.10 

Bluespotted sunfish 0.94 

Pirate perch 6.70 0.21 

sailfin molly 1.82 0.48 

Warmouth 6.61 

walking catfish 0.50 

TOTAL 14.69 26.27 10.60 41.8 2.86 11.56 9.08 6.16 3.28 41.68 1.30 2.45 
0 

Sample Period Bio-Mass 51.56 56.22 18.52 45.43 

SUM TOTAL BIO- 171.73 
MASS 
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Table 4. Vegetation stem density counts and fish density and biomass levels per meter square. Also shown are 
mean density and biomass numbers per dominant stem count. 

Pool C Broadleaf Marsh 
Species Panicum Sag it/aria Pontedaria Leersia Scirpus 

hemitomon Jancifo/ia cordata hexandra cubensis 
Number of Times Dominant 27 8 3 I I 

Density 329 63 36 9 0 

Mean Density 12.185 7.875 12 9 0 

Biomass 84.91 19.61 6.25 1.12 0 

Mean Biomass 3.145 2.451 2.08 1.12 0 

Pool D Woody Shrub 
Species Scirpus Sa/vinia Hydrocoty/e Lemna Sagillaria Pontedaria Nuphar 

cubensis minima umbel/ala spp. lancifo/ia cordata luteum 
Number of Times Dominant 27 4 3 3 I I I 

Density 141 14 33 91 II 21 19 

Mean Density 5.22 3.5 II 30.33 II 21 19 

Biomass 13 .58 1.12 2.73 5.96 0.77 1.67 2.12 

Mean Biomass 0.503 0.28 0.91 1.986 0.77 1.67 2.12 

Pool C Woody Shrub 
Species Scirpus Sagittaria Hydrocotyle Pontedaria Salvinia Nuphar Salix Xyris E/eocharis 

cubensis lancifo/ia umbel/ala cordata minima luteum caro/iniana spp. jlavescens 
Number of Times Dominant 24 4 3 3 3 I I I I 

Density 128 9 I 199 40 58 23 0 0 

Mean Density 5.333 2.25 0.333 66.33 13 .3 58 23 0 0 

Biomass 9.97 0.49 0.02 15.82 3.87 3.86 2.57 0 0 
Mean Biomass 0.415 0. 123 0.00667 5.27 1.29 3.86 2.57 0 0 
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Discussion: 

This study found quantitative estimates of fish assemblages to be 10.3 fish per 

m2 when combining all habitats sampled. Individual habitats (Pool C BLM, Pool C 

Shrub, and Pool D Shrub) estimates ranged from 9.28 to 11.45 fish per m2
• Trexler 

and Jordan ( 1995) found quantitative estimates of fish assemblage sizes ranged from 

10 fish per m2 in southern Everglade's sawgrass to 300 fish per m2 in the littoral zone 

of Lake Okeechobee. While this study's estimates fall into the low range ofTrexler 

and Jordan's ( 1995) estimates, they are not reflective of the potential of a natural 

floodplain community. The final catch numbers of 1,240 fish and 10 species captured 

during this study is below expected values when compared to other south Florida 

freshwater marshes. 

Hydrology has been identified as the key element that affects habitat and 

community of the Kissimmee River floodplain and significantly altered its previous 

natural conditions. Historic (1942-67) data indicate that 94% ofthe floodplain was 

inundated during 52% ofthe pre-channelization record (Toth, 1991). Additionally, 

42% of the floodplain had water depths:::=: 0.9 m during 31% of the period of record 

(Toth, 1991). Nutrient exchange was facilitated by slow recession rates that allowed 

materials from the 18,000 ha of floodplain to return to the main river channel. Due to 

channelization, the northern and central reach of each pool was converted from 

wetlands to unimproved pasture resulting in a 44% loss of floodplain (Milleson, et al. 

1980). Toth et al. (1995) documented the drastic decline of wetland plant 

communities on the Kissimmee floodplain with an 86% and 48% loss of broadleaf 

marsh and wet prairie types respectively. If nutrient exchange occurs between the 
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river and floodplain, it is typically the result of drastic pool stage drawdown or 

drainage in anticipation of a large storm event. These both result in increased 

discharge flow that does not facilitate proper low velocity exchange rates. The 

resultant floodplain is lacking diverse plant communities and hydrological regimes 

that were indicative of the Kissimmee River prior to channelization. 

Brookes (1988) suggested that without complexity, diversity, and change 

within the aquatic communities, fish populations and species diversity will decline. 

During the study period, river stage levels were maintained such that the floodplain 

was not inundated. In other words, there was no natural overbank flow to study areas. 

Standing water on the floodplain in areas investigated was the result of seepage or 

rainfall. The 65% loss of historic vegetation communities (Toth et al., 1995), 

combined with regulated pool stages that do not allow overbank inundation, have 

created isolated pockets of ichthyofauna habitat. This has also served to degrade 

diversity of both micro and macro habitats available to fish species. Finally, 

migration of piscine predators onto the floodplain has been limited by lack of 

overbank inundation. Thus, lessened habitat availability combined with reduced 

predator/prey interaction has served to diminish diversity of fishes on the floodplain. 

Woody shrub community stem counts in both Pool C and D were clearly 

dominated by Scirpus cubensis, which was dominant in 51 of 80 samples. No other 

vegetation stem counts were clearly dominant in this habitat. While other vegetation 

was noted in woody shrub habitat, Scirpus cubensis was the primary species shaping 

the landscape ofthe woody shrub community. Broadleafmarsh was dominated by 

Panicum hemitomon (27 of 40 samples), but 11 of 40 samples held a majority of 
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Sagittaria lancifolia and Pontedaria cordata. Differences in dominant vegetation 

diversity of woody shrub versus broad leaf marsh paralleled in fish species diversity as 

well. Woody shrub habitat yielded only three fish species in two of four collection 

events, and four species in the others. Broadleaf marsh had at least five species in all 

sample periods and a maximum of nine species in the November sampling (Figurel). 

Because vegetation often influences complexity of fish species (Chick and Mcivor, 

1994; Trexler and Jordan, 1995), it is not unexpected that with lower vegetation 

diversity, fish diversity would also be low. 

0 .8 

.c 

.B 8 0.6 

0 
Q) 

~ 0.4 
c 
Q) 

~ If 0.2 

0 

Broad leaf Marsh 

DAugust 

D Noverrber 

D February 

DMay 

LEKI MOSQ EPSF FLAG GOTO SPSU PIPE SAMO '.1'-JARM 

Species 

Figure I: Percentage of catch for fishes from Pool C Broadleaf Marsh. 
Abbreviations are as follows: least killifish (LEKI), eastern mosquitofish 
(MOSQ), Everglades pygmy sunfish (EPSF), flagfish (FLAG), golden 
topminnow (GOTO), spotted sunfish (SPSU), pirate perch (PIPE), sailfin 
molly (SAMO), warmouth (WARM). 

The mix of dominant vegetation species within each habitat also delineates the 

hydrological regime of the two habitats. The three dominant vegetation species 

within broad leaf marsh Panicum hemitomon, Sagittaria iancifolia and Pontedaria 

cordata, are typically found in deeper water (Dressler eta~ 1991; Tobe et al, 1998). 
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The woody shrub habitat's vegetation, Scirpus cubensis, Hydrocoty/e umbellata, 

Salvinia minima and Salix caroliniana, are typically representative of shallower 

habitat that is transient between wetland and upland habitats (Dressler et al, 1991; 

Tobe et al, 1998). Based on vegetative community surveys conducted by the District 

within the remnant pools, woody shrub habitats primarily occurred farther away from 

the main or remnant channel than did the broad leaf marsh habitat. Therefore, fishes 

had further to migrate in order to utilize this habitat and once within the habitat 

appeared to be isolated. Based on the distance to migrate, limited overbank 

inundation from the main river channel, and limited diversity of resources within the 

habitat after migration, it is not unexpected that species diversity within woody shrub 

would be comparatively low. 

Trexler (1995) stated that there has not been a known loss of any species 

previously documented from the river. His study was based on the entire channelized 

river system, but the limited scope of my study (restricted to the floodplain 

community) found relatively low species diversity. Of the recorded 48 fishes of the 

Kissimmee River (Trexler, 1995), only 10 species were collected in this study on the 

floodplain. There was no comprehensive survey of floodplain fish diversity prior to 

channelization, but limited rotenone, electrofishing, and block net studies on the pre

channelized river fringe found greater fish diversity (2: 15 species) than in this present 

study (Milleson, 1976; Bull et al. , 1991; Trexler, 1995). 

Throw trap sampling has been shown to approach 73% trap efficiency 

(Kushlan, 1981), but retains a bias against larger fishes(> 75 mm). In the current 

study, trap bias is not believed to be a factor that would have affected species 
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diversity, and fishes greater than 75mm standard length did not appear to be abundant 

within areas sampled ( <1% of the total fish collected were greater than 75mm 

standard length). Catch number dominance (87% of specimens collected) of least 

killifish and eastern mosquitofish is consistent with other studies on the river 

(Milleson, 1976; Lee et al. , 1980; Trexler, 1995) and in the region (Loftus and 

Kushlan, 1987; Chick and Mcivor, 1994; Trexler and Jordan, 1995). 

Species diversity included one nonindigenous species, walking catfish 

(Clarias batrachus), collected in Pool C woody shrub in August 1995. Release 

history ofthis fish was frrst documented by Courtenay and Miley (1975), and was 

attributed to a fish farm west of Deerfield Beach, Broward County, Florida. Walking 

catfish spread to ten counties by 1975 and were found in Lake lstokpoga in 1977 

(Courtenay, 1978). Bred in aquarium trade to be amelanic, the dominant natural color 

is brown. The amelanic morph is no longer found in Florida. Walking catfish are 

also known to burrow into the substrate during cold months and are opportunistic 

feeders known to eat Gambusia, Heterandria, and Fundulus (Courtenay et al, 1974). 

Our specimen was collected in a shallow depression in Pool C woody shrub during 

August 1996, and was part of the largest sample collected during the study. Eastern 

mosquitofish, least killifish, and Everglades pygmy sunfish were the only other 

species caught during this sample. Implications of finding an exotic species on the 

floodplain are far reaching. Effects of an exotic on other species can be elimination, 

no effect, changes in community structure, or reduced growth and survival rates 

(Moyle et al., 1986). There are currently no other reports of walking catfish on the 
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floodplain and their interaction with Kissimmee River Basin fishes. Any conclusions 

regarding current influence of this one exotic would only be conjectural. 

Without restoration of historic flows and resulting influential factors, low 

diversity and density of both ichthyofaunal and vegetative communities found in the 

current study will continue. Restoration should, if implemented correctly, facilitate 

greater hydrological regimes that can be exploited by a more diverse flora and fauna. 

Overbank inundation, low velocity water exchange rates, and dissolution of isolated 

depressional areas should result in nutrient and organismal exchange throughout the 

river basin that is more typical ofhistorical hydrological regimes. 

Previous Kissimmee River studies (Milleson, 1976; Toth, 1993), as well as 

studies in similar regions (Brookes, 1988; Merron et al., 1993), have shown 

ichthyofaunal communities respond to restored flow with increased growth. Milleson 

(1976) documented dramatic increase offishes, shrimp, and vegetation densities after 

reflooding. When drawdown occurred, fish and shrimp populations were then 

concentrated in depressional areas. These concentrations of fish and forage were the 

result of population growth due to a larger area of potential resources; depth was not 

considered a factor in previous Kissimmee River studies. During the winter/spring of 

1987-88, Toth (1993) found that increased pool stages in Pool Bled to expansion of 

resident fish populations in adjacent marshes. Brookes (1988) found that without 

insurmountable obstacles, fishes could exploit a variety of habitats and expand their 

ranges. Finally, Merron et al. (1993) detailed large scale spawning events of African 

fishes after the end of drought events. Each of these studies noted that population 

growth, rather than depth, was a significant factor in all inundation or post-drought 
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events. While depth was not a factor, available water within the system was. They 

noted that population growth was the result of an increase of hydrological flows. 

Specifically, increased amounts of water levels and flows allowed for access to new 

and previously unexploited habitats. 

Fishes specialize during their existence to the exploitation of particular 

resources and thus generally thrive in a specific habitat where that resource is 

abundant. This has been demonstrated in streams (Gorman and Karr, 1978), lakes 

(Chick and Mcivor, 1994), and south Florida freshwater marshes (Trexler and Jordan, 

1995). Due to specialization, species "A" then becomes somewhat restricted to 

habitat "A" and the resources available to it. Ifthat habitat is lost, the species either 

adapts rapidly or experiences a drastic population decline. Thus, as Chick and 

Mcivor (1994) found, without an abundance of habitat there will not be an 

abundance of diversity and density. Based on this, if diversity of vegetation and 

hydrological regimes continue to decline on the Kissimmee River, so too will 

diversity of the fishes. 

Finally, increased hydrology should allow access to the floodplain by larger, 

open water piscine predators. It should also create additional forage for current 

floodplain residents. Migrations and other movements of fishes require absence of 

insurmountable obstacles and adequate water supply (Brookes, 1988). The sampling 

efficiency study found predatory fishes such as pickerel (Esox sp.), white catfish 

(Ameirus catus), seminole killifish (Fundulus seminolis), and others were invading 

inundated floodplain in Pool B where some historic hydrology levels have been 

restored. Depth was greater in Pool B samples, and vegetation composition was 
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different. Pool B samples were dominated by Sagittaria fancifolia and Pontedaria 

cordata, two plants that typically exist in water depths that are consistently 0.25 to 

0.5 meter deep. Pool C broad leaf marsh samples were dominated by Panicum 

hemitomon that typically inhabits areas that are inundated from zero to 0.25 meter 

deep. Therefore, inundation of the floodplain not only influences species composition 

of fishes, but also the habitat and vegetational diversity presented to them. 

Whether Kissimmee River floodplain fishes will recover to the projected 

historic levels depends on several factors. The number of species supported by an 

ecosystem depends on the species pool that can invade it, its degree of isolation, the 

size and age ofthe system, and diversity of habitats within the ecosystem 

(MacArthur, 1972). By adapting a holistic approach to the Kissimmee River 

restoration project (Toth and Aumen, 1994 ), diversification of habitats should 

increase and isolation of remaining habitats should decrease. This is expected to 

promote diversification of vegetation, available habitats, fish species and 

corresponding growth in fish density. If the river is then managed in such a way as to 

continually replicate previously established, natural hydrological regimes in 

perpetuity, which allow for overbank inundation, it is possible that floodplain fishes 

may approach historical density and diversity projections. Due to size restrictions of 

the restored and managed river, however, it would appear that historical levels may 

not be equaled. 
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Chapter Three 

Sampling Efficiency 

Introduction: 

Baseline and post restoration floodplain fish community characteristics, 

including species composition, diversity, and biomass estimates, were evaluated 

through use of a 1 m3 portable throw trap. Paramount to restoration is re-inundation of 

approximately 11,000 ha of floodplain wetlands and successive recolonization of 

these areas by organisms typical of the historic floodplain (i.e., plants, invertebrates, 

amphibians, fishes, reptiles, and wading birds) (Dahm et al., 1995). The long term 

nature of this project and significance of the restoration evaluation compelled us to 

evaluate efficiency of the 1 m2 throw trap within vegetation communities similar to 

existing conditions and those expected after restoration. Although throw traps are 

useful and less biased than other sampling gear, they are known to be biased against 

larger fishes (i.e., >75mm) because of decreased abundance of larger fishes 

(number/m2
) and their ability to avoid a falling trap (Loftus & Ecklund, 1994; 

Kushlan 1981). Because ofthese biases and other complications due to vegetation, 

we deemed it necessary to evaluate relative efficiency of our 1 m2 throw trap within 

the broadleafmarsh community. Sampling efficiency was investigated by generating 
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fish per m2 figures in a secured area utilizing our throw trap and comparing them with 

fmal catch numbers of fish obtained by rotenone toxicant. 

Within the main study we sampled within two heavily vegetated habitats on 

the remnant impounded floodplain: broad leaf marsh and woody shrub, dominated by 

Scirpus sp., pennywort (Hydrocotyle umbel/ala), and spatterdock (Nuphar luteum). 

Broadleaf marsh vegetation communities currently comprise 10% of the existing 

floodplain habitat and is projected to make up 62% of restored habitat (Toth et al., 

1995). It is dominated by cut-grass (Leersia hexandra) and arrowhead (Sagittaria 

lancifolia), is a structurally heavy emergent herbaceous vegetation community and, 

due to size and number of sterns per square meter is particularly challenging to 

sample for fishes. Others have identified difficulty in sampling fishes and other 

aquatic organisms in similar Everglades aquatic communities (Kushlan 1981, 1974; 

Haake and Dean, 1983; Freeman et al., 1984; Loftus and Eklund, 1994). 

Fish sampling methodology within vegetated communities can be divided into 

active and passive categories (Trexler and Jordan, 1995). Active techniques such as 

electro fishing, throw traps, and block netting are generally labor intensive and 

involve active pursuit oftarget species. Passive techniques rely on target species 

either actively coming to the trap (gill nets) or being transported to traps (fyke nets 

and flume nets). 

Due to the unreliable nature of strong flows through south Florida freshwater 

marshes and similar habitats elsewhere, several active methods have been developed 

to collect fishes within emergent vegetation including the one-man pushnet (Strawn, 

1954), drop traps (Gilmore, 1978; Kushlan, 1981; Freeman et al, 1984; Chick et al., 
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1992), seines (Garner, 1962; Freeman et a!. , 1984), detonating cord (Bayley & 

Austen, 1988), pull-up traps (Kushlan, 1974, Loftus & Eklund, 1994) and throw traps 

of varying size and materials (Kushlan 1974,1981; Chick et al, 1992; Loftus and 

Eklund, 1994). Kushlan (1974) realized inadequacy and biases ofpermanately 

positioned (fish) traps, and devised the 1 m2 throw trap, a portable device, to sample 

densely vegetated aquatic communities without altering physical habitat 

characteristics prior to sampling. 

Methods and Materials: 

Sampling was conducted over a five day period in the inundated Kissimmee 

River floodplain within Pool B because effects from the 1984 Demonstration Project 

have enhanced this section through partial restoration (Toth, 1993). Three sites were 

selected (Areas A, B, and C) within the broadleafmarsh component ofthe Pool B 

floodplain and georeferenced with a portable Trimble ProBeacon® GPS unit. At 

each sample site, a 10 m by 20 m rectangle (200 m2
) was constructed using 3.8 em 

PVC poles and 2.5 x 5.1 em wood stakes to mark corners and sides. Vegetation one 

meter outside of the rectangle was cleared to the water line. The area was then left 

undisturbed for six weeks to permit recolonization before enclosing the 200m2 

rectangle by stapling 1.6mm block netting around the perimeter of the enclosure to 

the stakes. Netting was secured to the substrate by equally spaced wooden stakes. 

Access to the interior of the enclosure was gained by a portable ladder when 

necessary to assure enclosure integrity. 

One square meter grids were mapped out within the enclosure to select 10 
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random (without replacement) sampling sites ( 1 m2 cells). The 1 m2 throw trap was 

then deployed by a two person team. Our throw trap is a 1 m3 stainless steel frame 

constructed of 1.9 em solid stainless steel rods with a total weight of approximately 

26 kg (70 lbs.) that prevents the trap from becoming lodged on top of vegetation. A 

7.62cm x 0.64 em stainless steel plate welded vertically to the bottom of the frame 

functions as a cutting edge to insure a complete seal with bottom substrate. Sides of 

the throw trap are covered with 1.6 mrn mesh. Once the trap was deployed (by 

throwing it), depth, mean and maximum vegetative canopy height, percent cover, and 

vegetation stem count by species were recorded. Next, all vegetation within the trap 

was removed. Dipnets with mesh size of 1.66 mrn and 3 mrn were used to clear all 

fish from the trap. Dipnetting continued until ten consecutive dips yielded no fish. 

Collected fishes were identified to species, enumerated, measured (standard length 

[SL] and total length [TL ]), and then fin clipped (Nielson and Johnson, 1983) before 

being put into a live well. Fishes were then reintroduced to the enclosure after all 

throw trap collections were completed for that area. Fin clipping was used to identify 

trap captured fish after they had been released and re-collected following poisoning. 

After a 24 hr equilibration period, we entered the enclosure and cleared all 

remaining vegetation to below the water line. This was done prior to application of 

rotenone to facilitate even application of the toxicant (3.0 mg!L). Rotenone is 

administered beneath the surface, and vegetation density would not allow for this 

technique if not removed. Also by removing vegetation prior to collection, similar 

methods utilized during throw trap sampling were maintained during rotenone 

application and fish collection. 
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Due to expected low flow rates, Nielson and Johnson's ( 1983) equation for the 

amount of 5% liquid rotenone for use in a cove situation was followed. It states: 

Toxicant(Liters) = V(metric) O.OOlC 

where V is volume in cubic meters and C is concentration in milligrams/liter. After 

mixing with a small amount of water, rotenone was applied below the surface of the 

water using a backpack sprayer. 

Fishes surfacing after rotenone application were collected and placed directly 

into 10% formalin. Specimens were collected for three days following rotenone 

application. They were then identified and measured (SL and TL) at Florida Atlantic 

University. For each fish species a size group was established, and recorded if they 

had fin clips or not. 

Results: 

Throw trap sampling was completed on 4 January 1996 (Table 1) and live fm

clipped fishes were released into each enclosure (Table 2). 

On 5 January 1996, vegetation from each enclosure was cleared to below the 

water line and a 3.0 mg/1 concentration of rotenone was applied to each area (based 

on Nielson and Johnson's (1983) equation, above). Fishes were not immediately 

observed at the surface and there was no significant expiration of fishes after two 

hours. A second application of rotenone was then made, giving a fmal rotenone 

concentration of9.0 mg/1 within each area. Again, there was no immediate evidence 
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of fish in distress. No further application of rotenone occurred and the areas were not 

further disturbed during the evening. Due to a SFWMD scheduled drawdown in Pool 

B ofwhich we were not aware, the water level dropped approximately 15 em 

overnight. 

Table l. Collection data from throw trap sampling in areas A,B, and C within Pool B. 

Collection Area Time # of # of Mean Max Stem %cover Depth 
Number Species Fish Canopy Canopy Count (per m2

) (em) 
(em) (em) 

0 1-04-96-0 I A 8:50 I 5 50 100 49 50 34.2 
0 1-04-96-02 A 9: II 2 I2 70 150 55 50 35 .6 
0 1-04-96-03 A 9:20 2 9 75 120 50 60 32.8 
01-04-96-04 A 9:37 2 6 60 110 70 55 37.6 
0 1-04-96-05 A 9:5I 2 3 70 II5 84 40 39.6 
0 1-04-96-06 A 10:04 2 7 65 II5 52 50 35.2 
0 1-04-96-07 A IO: I6 3 17 65 120 48 45 33 .8 
0 1-04-96-08 A 10:30 3 10 80 140 55 40 35.4 
0 1-04-96-09 A 10:51 2 6 80 146 73 50 36.2 
0 1-04-96-10 A 11 :05 4 17 65 150 63 55 39 

Averaee 2.3 9.2 68 126.6 59.9 49.5 35.94 
0 1-04-96-II B II:55 3 16 50 IOO 50 30 37.6 
0 I-04-96-12 B 12: 14 I 4 50 90 98 40 39.2 
0 1-04-96-13 B 12:26 3 9 50 80 96 40 38.6 
0 1-04-96-14 B 12:40 5 10 20 55 52 20 38.6 
0 1-04-96-15 B 12:55 2 9 40 80 94 40 38.2 
0 1-04-96-16 B 13:IO 3 9 40 100 46 35 40.8 
0 1-04-96-17 B 13 :25 5 9 40 70 55 35 39 
0 1-04-96-18 B 13:39 3 II 40 75 63 35 38.6 
0 I-04-96-19 B I3:52 3 9 45 80 76 25 40.8 
0 I-04-96-20 B 14:05 3 IO 45 82 84 25 39.4 

Averaee 3.1 9.6 42 81.2 71.4 32.5 39.08 
0 l-04-96-2I c 14:57 3 28 35 100 46 20 46 
0 I-04-96-22 c 15 :15 2 27 50 100 215 100 47.2 
0 I-04-96-23 c 15:30 2 42 40 90 6I 45 46.6 
01-04-96-24 c I5:50 I 37 30 115 42 55 45.4 
01-04-96-25 c 16:I8 I 22 65 105 255 100 42 
01-04-96-26 c 16:36 3 18 40 95 179 80 49.2 
0 I-04-96-27 c 16:52 I 13 55 150 67 85 56.6 
01-04-96-28 c 17:05 2 9 45 90 51 70 50.8 
0 I-04-96-29 c I7:21 2 15 40 79 28 35 50.4 
0 I-04-96-30 c I7:35 2 26 50 110 96 90 53 

Averaee 1.9 23.7 45 103.4 104 68 48.72 
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On 6 January 1996, poisoned fishes were collected from the water surface 

and sides (interior) of the enclosure netting (Table 2). Many had large pieces of flesh 

missing from their bodies. No fishes were collected for this study from outside the 

enclosure. 

Discussion: 

Table 2. Total munber of species caught by throw trap, clipped, released, 
and recaptured. Also shown is the total amount of fish captured after the 
application ofrotenone. 

Area Species #Cut #Released # Recaptured #Poisoned 

A Heterandria 57 33 9 211 

A Gambusia 28 26 I 37 

A E. evergladei 3 3 0 4 

A Lepomis sp. 2 2 0 0 

A F. chrysotus 2 2 I II 

A Ameirus catus 0 0 0 3 
A Fundulus semina/is 0 0 0 I 

A Esox sp. 0 0 0 I 

B Heterandria 50 32 5 163 

B Gambusia 31 25 I 26 

B E. evergladei 3 3 2 8 
B Lepomis gulosis I I 0 I 

B F. chrysotus 7 7 0 0 

B Esoxsp. 3 3 0 I 

B Ameirus catus 0 0 0 I 

c Heterandria 19 14 I 126 

c Gambusia 216 187 5 255 

c E. evergladei 0 0 0 0 

c Lepomis gulosis 0 0 0 0 

c F chrysotus 2 2 0 0 

Use of three small (0.02 hectare) block-netted areas was precluded by labor and 

time restrictions. Shireman et al. (1981) found that smaller block netted areas (0.08 

hectare) yielded similar results as larger areas (0.41 ha.) with lower labor and 

equipment requirements. Due to density of the sampling habitat, it still required 30 
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person hours to construct and clear each enclosure. Had we duplicated the Shireman 

et al. (1981) size areas, it would have required at least 120 person hours, and three 

enclosures could not have been completed within this study' s time limitations. 

In order to maintain our normal sampling regime, assure thorough and 

accurate application of rotenone, and increase retrieval efficiency, we removed 

vegetation to the water line prior to toxicant application. Due to low flow levels on 

the floodplain (zero m/s on 4 January 1996) and thus lowered potential for net 

blowout, we used 1.6 mm mesh block netting, smaller than the 3 mm mesh 

recommended by Chick et al.(1992). The smaller mesh size subsequently lowered 

escape potential for the smaller size group fishes. Additionally, this is the same mesh 

size as the main study' s throw trap that trapped 5 to 7 mm SL fishes. 

Kushlan ( 1981) reported a 73% accuracy for estimating fish density for a 1m2 

throw trap, but had the advantage of comparing results to known densities. Chick et 

al. ( 1992) found that a 1m2 throw trap was the most efficient method with regard to 

field and laboratory effort, but got similar numbers to other collection methods with 

regard to fish density and species density. Our throw trap collections predicted large 

numbers of fishes within each enclosure, but rotenone application yielded far less 

than predicted (Table 3). 

Area 
A 
B 
c 

Table 3. Differences between actual and predicted values for fish 
caught within the enclosures after the application of rotenone. 

Predicted Catch 95% Confidence Limit Actual Catch 
1840 1840 268 
1920 1120 200 
4740 3960 381 

Difference 
1572 
1720 
4359 

Due to low number of fishes caught after rotenone application, fin-clipped 
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estimates could not be used to test efficiency of our throw trap. Although many of 

the clipped specimens were recaptured (Table 2), we could not adequately determine 

if this was a function of the rotenone or a higher mortality rate due to partial loss of 

motor skills. 

Retrieval efficiency after rotenone application was low for other studies as 

well (Pot et al., 1984; Fraser, 1981 ), but we did not approach the 62.5% and 35% 

levels reported in those studies. Rotenone sampling efficiency has shown to be a 

product of mortality and retrieval efficiency (Bayley and Austen, 1990) and is 

affected by water temperature, depth, and vegetation densities (Parker, 1970, Nielson 

and Johnson, 1983). The Pool B drawdown on the night of 5 January 1996 exposed 

vegetation previously cut below the water line and also created a low flow velocity 

across the inundated floodplain. This may have entrapped some poisoned fishes in 

exposed or underlying vegetation that would not let them float to the surface for 

collection. Low water velocity may have also allowed rotenone-tainted water to pass 

through the enclosure and impact non-target fishes. The greater depth of area C, in 

comparison to other areas, may have affected retrieval efficiency as well as the even 

application of rotenone. Many collected fishes had large chunks of flesh removed 

from their bodies. These avulsions were primarily located on anterior and posterior 

ends of the body, and appear to have been made primarily by crayfish. Estimates of 

crayfish population on the Kissimmee floodplain per m2 have been as high as 30 

(Overdorf, Arrington, & Koebel, unpublished data) and several poisoned fishes could 

have fallen prey to these and other invertebrates. 

While problems listed above may have impacted our study, I believe rotenone 
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problems experienced were a two-fold product of the environment we sampled. 

Rotenone works by preventing oxygen uptake within the gills and fishes typically 

suffocate after exposure (Davies and Shelton, 1983). Water temperature on the day 

of sampling was low (14.0- 15.5° C.) which increased its affinity for oxygen. 

Dissolved oxygen (DO) content in the enclosures prior to rotenone application ranged 

from 1.02 to 2.45 mg/L. This appeared to be more than adequate for Kissimmee 

River floodplain fishes, as we collected large numbers of fishes in water with DO 

levels of0.47. I believe that many fishes survived the rotenone due to their ability to 

acclimate to low levels of DO. This adaptability allowed them to cope with lower 

levels of oxygen intake until effects of the rotenone dissipated. Dissolved oxygen 

readings were not collected after application of rotenone. 

Rotenone has also shown to be affected by turbidity, pH, and general water 

chemistry (Davies and Shelton, 1983). While turbidity was low when rotenone was 

applied, background water chemistry was disturbed due to vegetation removal. Some 

unidentified factor within this chemistry may have affected the ability of the rotenone 

to work properly even after a 9.0 mg/1 concentration was applied, three times the 

recommended dosage for rotenone. Fishes did not surface immediately or even two 

hours later. Schools of fishes were observed to be swimming directly through the 

milky clouds of rotenone during application. High tannin content as well as other 

bio-active organic substances could have bound with the rotenone to make it 

relatively inert for this dosage. Schools of least killifish and eastern mosquito fish 

were observed twenty-four and seventy-two hours after rotenone application and 

seemed to be suffering no ill effects. 
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Before this study is repeated, factors affecting rotenone toxicity should be 

determined. If these factors cannot be found, I would recommend a higher dosage of 

rotenone. Pot et al. (1984) found a dosage of 13 ppm to be most effective in a 

controlled depth pond, and I would estimate that an even larger dose would be needed 

on the floodplain. Size of enclosures should not be increased and their placement 

should emulate original enclosures to permit comparison of throw trap data between 

the two studies. Water chemistry should be continuously monitored and taken 

throughout the study, not just at the beginning. Block net mesh size should remain 

the same, but a method for insuring security of the net bottom to the substrate should 

be devised. Vegetation 0.5 meter inside the planned enclosure should be cleared prior 

to attaching the mesh. This will allow for clear sides to the enclosure and will 

eliminate tears in the mesh due to errors made with vegetation clearing gear. 
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Chapter Four 

Fecundity Study 

Introduction: 

Two fishes found in abundance on the remnant impounded floodplain are of 

the "livebearing" subfamily Poeciliinae (Parenti and Rauchenberger, 1989). Least 

killifish and eastern mosquito fish comprise 60 to 100% of typical throw trap samples 

on the Kissimmee River floodplain (Overdorf and Arrington, unpublished data). The 

purpose of this study was to examine eastern mosquitofish and least killifish females 

collected in varying habitats on the remnant Kissimmee River floodplain to determine 

levels of fecundity and, therefore, gain insight about these important forage fishes 

prior to restoration. 

While members of this subfamily have been studied quite extensively in other 

contexts (Rosen and Bailey, 1963; Myers, 1965; Breder and Rosen, 1966; Lee et al, 

1980; Courtenay and Meffe, 1989; Fraile et al. , 1994; Heulett et al., 1995), interaction 

between these two species have only recently been the focus of several studies (Belk 

and Lydeard, 1994; Schaeffer et al. , 1994). These interaction studies found that 

populations of least killifish young are heavily impacted by presence and resulting 

predation by adult eastern mosquito fish. If other regulating factors are evident to 
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control populations, then similar, potentially competing species may coexist (den 

Boer, 1986). Within the existing channelized Kissimmee River, many ofthese 

regulating factors, such as seasonal flow, species variation, and variety of habitat, are 

not present; therefore, there must be other regulating factors that sustain inflated 

populations ofthese two dominant species. Vegetation composition, seasonality, and 

pool location were examined as factors affecting fecundity. 

Sexual dimorphism plays a key role in poeciline interactions (Breder and 

Rosen, 1966; Belk and Lydeard, 1994). Males are typically smaller than females in 

both species with eastern mosquitofish overall length somewhat greater than least 

killifish (Reznick and Miles, 1989). Males of both species possess an adaptation of 

anal fm rays 3-4-5 that form a secondary sexual character, the gonopodium, 

suspended by the gonopodial suspensorium (Rosen and Bailey, 1963). Growth and 

differentiation of this organ can be completed in about 50 days for eastern 

mosquito fish (Turner, 1947). The organ is used to facilitate fertilization of eggs 

during copulation. The gonopodium has often been termed an intromittent organ, but 

its function in internal fertilization of various female poeciliid species remains 

unclear. Gonopodia possess species-specific, hook-like bony structures at their distal 

ends (Rosen and Bailey, 1963) that may function to only maintain contact between 

males and vents of females in certain species (i.e. , least killifish). Other poeciliids, 

such as male eastern mosquitofish, appear to insert the gonopodium partially into the 

vent ofthe female during "copulation" (Rosen and Gordon, 1953; Constanz, 1989). 

The brood of females varies widely in both stage of embryo (Haynes, 1995) 

and size of clutch (Breder and Rosen, 1966). Mosquito fish embryos are said to be 
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lecithotropic (all developmental nourishment is achieved by yolk deposited prior to 

fertilization) (Self, 1940) while least killifish are matrotrophic (embryos derive 

majority of nutrients directly from the mother via modified follicular structures) 

(Wourrns, 1981; Haynes, 1995). Least killifish have also been reported to carry eight 

or nine simultaneous broods (Scrimshaw, 1944), all at distinctly different embryonic 

stages (Haynes, 1995). Finally, the interval between broods is reported to be between 

28 to 30 days for mosquito fish and 10 days for least killifish (Breder & Rosen, 1966). 

Due to these traits, classification of development has varied widely but was recently 

divided to 11 stages found to be applicable to approximately 25% of poeciliids by 

Haynes ( 1995). 

Methods and Materials: 

Specimens were collected in broad leaf marsh and woody shrub communities 

(Toth et al., 1995) during regular quarterly sampling of the remnant Kissimmee River 

floodplain in Pools C and D using a 1m3 throw trap. Water chemistry, depth, percent 

cover, stem count, and vegetation species were recorded for each sample. Collected 

specimens were cold shocked, then transferred to 10% formalin for fixation, followed 

by 50% isopropanol for final preservation. 

A 50% random subsample of eastern mosquito fish and least killifish females 

was taken after initial species richness and length measurements were recorded for 

the whole sample. Subsample females were then measured again for standard and 

total length, after which females were dissected by making a lateral incision on the 

ventral wall of the visceral cavity. All in vitro material resembling either eggs or 
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embryos was collected, counted, and recorded for each individual female. Ova and 

zygotes were not differentiated and developmental stages were not recorded; all in 

vitro specimens were scored as "eggs". 

Ratios of standard and total length to number of eggs were examined for each 

female and for three groups ofthe two species: (1) month of sample (season), (2) 

habitat, and (3) pool of collection. 

Results: 

The greatest number of eggs for an individual eastern mosquito fish was 20 

from a female collected in woody shrub during August and 15 from two individual 

least killifish females in woody shrub and broad leaf marsh. The least amount of eggs 

was zero from least killifish in woody shrub during November. Six eastern 

mosquitofish had zero eggs, one from woody shrub in August and five from both 

vegetated communities during November. 

Average number of eggs collected dropped dramatically in November for both 

species (Table 1 ). Least killifish egg counts were slightly higher in broadleaf marsh, 

while eastern mosquitofish counts were highest in woody shrub. Both species had 

higher average counts for Pool C. 
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Table l. Eggs collected from Gambusia ho/broo/ci and Heterandria formosa females 
compared to month of collection, habitat, and collection location . Ratio of eggs to 
total and standard length are also given for each of the above comparisons. Broadleaf 
marsh is denoted as BLM and woody shrub as WS. 

Species Date Habitat Pool Total Standard Number of Eggs/TL 
Length Length Eggs 

Heterandria August Mix Mix 22.33 19.00 7.91 0.34 
Heterandria November Mix Mix 22.25 19.38 1.00 0.04 
Gambusia August Mix Mix 27.70 23.90 10.00 0.34 
Gambusia November Mix Mix 31.67 26.83 0.33 0.01 

Heterandria Mix BLM Mix 23.60 20.40 6.44 0.26 
Heterandria Mix ws Mix 22.00 18.81 5.67 0.25 
Gambusia Mix BLM Mix 32.20 27.60 5.20 0.19 
Gambusia Mix ws Mix 27.88 23.88 9.50 0.32 

Heterandria Mix Mix 0 22.20 19.20 4.20 0.18 
Heterandria Mix Mix c 22.38 19.06 6.81 0.29 
Gambusia Mix Mix 0 26.75 23.00 1.50 0.06 
Gambusia Mix Mix c 30.00 25.67 8.00 0.27 

Discussion: 

Eggs/SL 

0.40 
0.05 
0.39 
0.01 
0.30 
0.29 
0.22 
0.37 
0.22 
0.34 
0.07 
0.31 

For spermatocyte formation to occur in mosquitofish, mild temperature must 

be present (Fraile et al. , 1994). Medlen (1951) reported critical reproduction 

temperature for mosquito fish to be 60° F, while Fraser and Renton ( 1940) found 71-

79° F to be ideal for least killifish. Mild temperature combined with long 

photoperiods are also necessary for meiosis and spermiogenesis (Fraile et al. , 1994). 

For poeciliid fishes oftemperate and tropical zones, natural reproductive cycles 

decline in late summer and fall, then cease altogether in winter (Rosen and Bailey, 

1963). While this may lead one to conclude that during colder months and shorter 

photo periods, females would also enter a period of quiescence due to dependency on 

male gamete contribution, it has been shown that females can retain sperm and 

fertilize eggs as they mature for a period of up to five months (Breder and Rosen, 
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1966). 

Low egg presence in November vs. August may be the result of increased 

demand for energy. Studies of reproductive poeciliids have shown that they store 

lipids for use later in growth and reproduction (Reznick and Braun, 1987). Lipid 

storage increases in late summer/fall when reproduction ceases, and decreases during 

winter and spring reproduction (Heulett et al., 1995). While energy resources are 

low, lipid stores are utilized to provide maintenance energy. Lipids are also used to 

provide nutrients for the spring brood, enabling young to develop prior to first prey 

emergence. Thus, November females have lower egg counts due to energy devoted 

for over-wintering and early spring reproduction. 

Mosquitofish are diurnal carnivores foraging on insect larvae, zooplankton, 

and larval fishes, while least killifish are diurnal omnivores feeding on attached 

zooplankton and insect larvae (Harrington and Harrington, 1961 ; Belk and Lydeard, 

1994; Schaefer et al., 1994). While both are known to feed on their own larvae 

(Rosen and Bailey, 1963; Hubbs, 1991), it is an uncommon trait for least killifish 

(Breder and Rosen, 1966). Belk and Lydeard ( 1994) demonstrated that populations 

of G. holbrooki affected growth of least killifish populations by size-selective 

predation of young and sexually dimorphic smaller males. Least killifish had no 

effect on population growth of mosquito fish. S irnilar population impacts were 

observed by Schaefer et al. (1994) who found the relationship to be the result of 

predation by larger mosquito fish rather than competition for similar resources of the 

two species. 

Females of both species often retire to plant thickets when about to deliver 
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young (Breder and Rosen, 1966), with least killifish preferring more thickly vegetated 

habitats than adult mosquitofish (Loftus and Kushlan, 1987). Larvae typically 

emerge from a female head first (although the first larvae to emerge may be tail ftrst ), 

and when fully out make several tail whips that rapidly move them into vegetation 

(Breder and Rosen, 1966). The broad leaf marsh component of the remnant floodplain 

is typically deeper and affords thicker vegetative cover than that of woody shrub, 

possibly making it better habitat for least killifish. Predation and habitat preference 

could thus explain the higher number of least killifish egg counts in broadleafmarsh. 

This initial experiment should be continued throughout the course of regular 

floodplain sampling to attain a better understanding of poeciline reproduction habits 

on the Kissimmee River. The lecithotropic nature ofthe embryos, the females' short 

brood interval, prolonged photoperiod and higher temperatures ofthis subtropical 

environment, and adult size achieved by mosquitofish make it a perfect low trophic 

level species for an integrated river system with larger potential predators. However, 

without natural predator and environmental controls, populations of mosquito fish 

could become a problem on the floodplain by preying on and out-competing larvae 

and juveniles of other species. This population explosion appears to have been 

demonstrated during the sampling efficiency study and is highlighted in the following 

example. In Area C, a broadleaf marsh habitat, over 76% of the individuals taken 

were eastern rnosquitofish. In Areas A and B, where other higher predators were 

collected, this percentage was significantly reduced to 18% and 19% respectively. 
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Chapter 5 

Conclusions 

Restoration of the Kissimmee River should be targeted to return natural 

flooding conditions and regular access of water and biota to previously isolated 

floodplains, in addition to water or sediment quality improvements (Bayley, 1995). 

These elements have been incorporated in the current restoration plan and have thus 

set the stage for the possible recovery of the central portion of the Kissimmee River. 

Current low density and species diversity of fishes within impounded floodplains 

should benefit from restored and managed flow of river waters as the dynamic 

interaction between water and land is the principal process that produced river

floodplains, maintains them, and has affected adaptations ofbiota that have evolved 

therein (Bayley, 1995). 

Habitat diversity and the fish reproductive potential of floodplain ecosystems 

are strongly influenced by geomorphological origins and by past and present 

hydrological conditions (Copp, 1989). As illustrated by the demonstration project, 

plant communities responded to restored flow regimes by rapid restoration of 

vegetative characteristics in river and floodplain habitats (Toth, 1990). Due to the 

relationship between fish abundance and vegetation abundance (Chick & Mcivor, 
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1994 ), creation or restoration of vegetative communities should result in increased 

levels of ichthyofauna on the floodplain. 

In a wet climate, fishery resources requires less than 10 years to fully recover 

(Schoof, 1980). As there is currently no baseline of pre-channelized fish density of 

species diversity, recovery should be measured against predictions of post-restoration 

populations rather than historical data. Rather than utilizing the floodplain system as 

a whole to predict recovery, simple indicators should be chosen to monitor success of 

restoration (Kelly & Harwell, 1990). These indicators should include rates of rise and 

fall on the floodplain, as it would be expected to influence annual production of 

aquatic biota, as well as the timing of temperature regimes (Bayley, 1995). With 

careful management, annual monitoring, and completion of the full restoration plan 

for the Kissimmee River, density and species diversity of fishes on the floodplain 

should increase from current levels found in this study. 

Components ofthis cooperative study between Florida Atlantic University 

and the South Florida Water Management District have created baseline data within 

the remnant floodplain. Information generated by this thesis should be used as a 

benchmark to measure the restoration success during and after the backfilling of the 

C-38. Specific habitats within the remnant floodplain were selected for this study 

based on the previously proposed river restoration schedule. Through quarterly 

monitoring of these habitats, density and diversity of fishes should begin to reveal 

trends as backfilling of C-38 continues. Monitoring should follow similar collection 

methods employed during this baseline study. Due to its nature as an indicator of 

overall community diversity, special care should be given to collection of species and 
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stem counts of vegetation. Additionally, continued collection of data points through 

the use ofthe Trimble ProBeacon® GPS Unit will allow for comparison of sites 

sampled during a previous monitoring event. Incorporation of GPS data will allow 

for both spatial and quantitative data comparison. Rainfall and storm event data 

within and above the Kissimmee River Basin should also be incorporated within 

quarterly monitoring. 
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