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ABSTRACT 

Kristine J. Dunker 

Non-indigenous Fishes in Restored and Natural Wetlands 
on the Big Cypress Seminole Indian Reservation 

Florida Atlantic University 

Dr. John Volin 

Master of Science 

2003 

This study documented assemblages of native and non-indigenous fishes in 

restored and natural wetlands within the Big Cypress Swamp. Within the restored 

wetland, non-indigenous fishes constituted only a minor component of the entire fish 

community in the restored wetland, although large fish assemblages were dominated by 

non-indigenous fishes. Among assemblages of species with similar ecologies, non-

indigenous species may impact native species in the restored wetland. Within the natural 

wetlands, non-indigenous fishes became more conspicuous during the second year of this 

study. Hydroperiod and water depth were important factors influencing fish communities 

in both study habitats. Attempts to block access of non-indigenous fishes from canals 

into the restored wetland appeared to limit invasions of non-indigenous species, although 

it did not entirely exclude them. Two new non-indigenous fish species in the Big 

Cypress Swamp, Hoplosternum littorale and Belonesox belizanus were also documented 
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-Chapter One-

Fish Assemblages in Restored and Natural Wetlands 
On the Big Cypress Seminole Indian Reservation 

INTRODUCTION 

Over the last century, wetland ecosystems in South Florida have undergone 

extensive modifications. Major alterations to these wetlands include construction of 

levees and canals, drainage and land dearing, and the introduction of non-indigenous 

plant and animal species (McPherson et al. 1976, Duever et al. 1986, Meyers and Ewel 

1990, Lodge 1998). These anthropogenic activities have created dramatic changes in the 

landscapes of the Everglades and the Big Cypress Swamp (DeAngelis et al. 1998, Gaff et 

al. 2000). The construction of levees and canals has severely altered the natural 

hydrology of this wetland-dominated ecosystem. This has resulted in reduced habitat for 

aquatic organisms that provide energy to higher trophic-level species (DeAngelis et al. 

1997). In addition, drainage and land clearing, combined with other anthropomorphic 

habitat-alerting activities, have led to the establishment of non-indigenous plant and 

animal species which often displace native species (McPherson et al. 1976). 

To address these and other concerns stemming from Florida's degraded wetland 

environments, South Florida is undergoing a massive, ecosystem-level restoration 

program: the Comprehensive Everglades Restoration Plan (CERP) (U.S. Army Corps of 

Engineers 1999). The Comprehensive Everglades Restoration Plan is designed to address 

the degradation of South Florida's ecosystems by improving hydrology, both timing and 
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quantity, water quality, increasing the spatial extent of wetland communities, and 

reducing invasions of non-indigenous species (U.S. Army Corps ofEngineers 1999). 

One of the critical projects of CERP is a series of wetland-restoration activities on 

the Big Cypress Seminole Indian Reservation (Figure 1 ). These activities include the 

construction of several wetland impoundments. Among these are Water-Resource Areas 

(WRAs) for water-quality improvement and groundwater recharge, irrigation cells(!

cells) for agricultural use, and stormwater attenuation cells (STAs) to reduce flooding 

within the Seminole community and agricultural lands. Although their primary purpose 

is not for wetland restoration, these impoundments will be built in pre-existing but 

disturbed wetland areas, thus creating the potential for wetland restoration. In addition, 

the Seminole Tribe of Florida has promoted other wetland restoration activities through 

the USDA-NRCS Wetland Reserve Program (WRP). Wetland Reserve Program 

wetlands are impounded areas of desiccated wetlands that are rewatered solely for the 

purpose of restoring native wetland flora and fauna (King and Keeland 1999). 

In this study, native and non-indigenous fishes in a rewatered WRP were 

compared to reference-site communities (Turner et al. 1999) where the hydrology was 

more representative of historic, natural wetland habitats in the Big Cypress region. 

Considerable research has been conducted on the freshwater fish communities in South 

Florida (Kushlan 1976, Loftus and Kushlan 1987, Loftus and Eklund 1994, Trexler et al. 

2000, Loftus et al. 2001). However, most studies have been conducted in Everglades 

National Park and the canal system. In contrast, there has been limited research 

conducted on fish communities in the Big Cypress region (Carlson and Duever 1979, 

Duever et al. 1986). 
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Figure 1. Location of the Big Cypress Seminole Indian Reservation in South Florida in relation to Big 
Cypress National Preserve (BCNP), the Water Conservation Areas (WCAs) and Everglades National 
Park(ENP). 
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Fishes are important components of the Big Cypress and Everglades ecosystems 

because they operate at several trophic levels ranging from primary consumers of detritus 

and macrophytes to top-level predators of other fishes (Loftus 2000b ). Fishes also 

provide an abundant prey base for wading birds and other reptilian and mammalian 

predators (Lodge 1998). Factors influencing the community composition of fishes affect 

the entire flow of energy through these wetlands (Carlson and Duever 1979, Northcote 

1998, Loftus and Eklund 1994, DeAngelis et al. 1998, Gaffet al. 2000, Loftus et al. 

2001). In addition, the ecology and life histories of Everglades fishes are closely related 

to the hydrology of their habitats (Kushlan 1976, Loftus and Eklund 1994, DeAngelis et 

al. 1997). Responses offish communities to hydrologic change may be used to evaluate 

the success of wetland restoration activities (Jordan et al. 1998, Loftus et al. 2001 ). In 

this regard, fish are recognized as indicators by which Everglades Restoration plans may 

be assessed (DeAngelis et al. 1998, Gaff et al. 2000, Trexler et al. 2000). 

Seasonal hydrology and water depth are two important abiotic factors that 

influence fish communities in South Florida wetlands (Kushlan 1976, Loftus and Eklund 

1994, DeAngelis et al. 1997). However, other abiotic factors may also affect fish 

community development (Dunson and Travis 1991). For instance, pH (Rahel1984, 

Capone and Kushlan 1991) and specific conductance (Dunson and Paradise 1997) have 

been shown to influence fish assemblages. In the sub-tropical climate of southern 

Florida, water temperature has been found to be an important abiotic parameter 

(Magnuson 1991) where low temperatures have the potential to kill non-indigenous 

fishes that are not adapted to Florida' s cool winter-temperatures (Loftus and Kushlan 

1987). This abiotic limitation may prevent tropical non-indigenous species from 
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colonizing wetland habitats farther north in Florida (Shafland and Pestrak 1982). 

Hypoxia is also a factor that may limit the development of fish communities (McKinsey 

and Chapman 1998). During the spring, increasing water temperatures result in a 

decrease in dissolved gases in the water column, including oxygen. Non~indigenous 

fishes, being of tropical origin, are often well adapted to survive low dissolved-oxygen 

conditions in shallow wetlands during Florida summers (Kramer and McClure 1982). 

Further, non-indigenous fishes can successfully colonize harsh environments, such as 

cypress swamps, where high decomposition rates result in low dissolved oxygen 

concentrations. 

Wetland habitats within the Big Cypress region were historically a mosaic of 

cypress swamps and pine forests interspersed with shallow wet prairies (McPherson et al. 

1976, Duever et al. 1986). Many of these wetlands no longer function as fish habitats 

because of the high degree of habitat modification that has occurred, in large part from 

the construction of canals and borrow pits throughout South Florida. Canals fragment 

and alter the natural hydrology of the region. They introduce new permanent dee~ water 

habitats in an ecosystem that evolved in the context of severe annual dry-downs. 

Moreover, canals provide ideal habitat for non-indigenous fishes (Courtenay et al. 1974, 

Loftus and Kushlan 1987, Trexler et al. 2000). Prior to the rapid development pressures 

within the last century, few permanent freshwater bodies existed in South Florida 

(Deuver et al. 1986). Alligators maintained "gator holes" and karst solution holes 

occurred in areas such as the "Rocky Glades" (Loftus et al. 2001), but these refuges were 

never as deep or extensive as present-day canals and excavations. The proliferation of 
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these deep-water habitats may alter fish community composition in favor of large 

piscivorous fishes (Duever et al. 1986). 

Courtenay et al. (1974) conducted a study in which they documented the 

establishment and dispersal of non-indigenous fishes in Florida. They suggested that the 

interconnected canal system throughout South Florida has facilitated the rapid dispersal 

of non-indigenous fishes. Canals act as refugia for native and non-indigenous fishes 

during seasonal dry-downs. This concentration of fishes provides an abundant prey base 

for large piscivores, which includes many of the non-indigenous species (Appendix 2). 

Therefore, canals provide an opportunity for rapid population growth of non-indigenous 

piscivores (Taylor et al. 1984). In addition, canals facilitate survival of non-indigenous 

fish species adapted to tropical climates by providing thermal refuge during winter cold 

fronts (Trexler et al. 2000). 

Currently in South Florida, there are 31 established non-indigenous fish species 

(Shafland, personal communication). There are many vectors responsible for the initial 

introductions of non-indigenous fishes. Some of these include aquaculture, ethnic food 

markets, aquarium hobbyists, and state agencies that have released non-indigenous fish 

for sport fishing and aquatic weed and insect control (Courtenay et al. 197 4, Courtenay 

and Stauffer 1984, Welcomme 1984). Non-indigenous fishes have been found to 

negatively impact native fish populations because of increased predation, nest-site 

competition, hybridization and/or habitat alteration by these species (Taylor et al. 1984). 

The degree to which non-indigenous fish species are affecting communities of 

native fishes in South Florida is not fully understood. Trexler et al. (2000) surveyed a 

series of data sets from which they estimated the degree of negative impacts by non-
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indigenous fish species on the native fish fauna of South Florida. One of those was a 

twenty-year database that indicated little to no discemable effects on native populations 

except in canals, or in wetlands in close proximity to canals. On the Big Cypress 

Seminole Indian Reservation. canals are adjacent to all wetland restoration projects and 

serve as the source of water supplied by pumping. 

This study occurred in the James Billie WRP, which was rewatered by pumping 

water from an adjacent canal. Data were also collected in more natural reference 

wetlands located on the southern portion of the Reservation. My objective in this study 

was to collect baseline data on the non-indigenous and native ichthyofauna of the Big 

Cypress Seminole Indian Reservation and determine how closely the fish assemblages in 

the restored wetland resembled those in the natural wetlands. In addition, I evaluated the 

degree to which non-indigenous fish species would colonize restored wetlands. I 

examined several aspects of the dynamics of fish assemblages during wetland restoration, 

investigating patterns in non-indigenous and native fish relative abundance, richness and 

diversity in various habitats. These habitats included wet prairies, cypress swamps, and 

deep refuge areas such as canals and borrow ponds, in both the WRP and in reference 

areas. The pump used to rewater the WRP had a net over its outflow pipe. I anticipated 

that the net would largely exclude fishes from entering the WRP from the canal. Despite 

these preventative measures, I conjectured that the location of the WRP close to canals 

would ultimately lead to greater colonization of non-indigenous fishes to the WRP 

habitats than in the reference habitats located farther from canals. I hypothesized that 

relative abundance, richness and diversity of non-indigenous species would be higher in 

the WRP compared to reference sites while these same parameters would be lower in the 
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WRP for the native species. The results of my study may prove useful to both 

Everglades restoration and in restoration of other wetlands to which canals are 

hydrologically connected. 
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MATERIALS AND METHODS 

Collection of field data 

I began data collection for this study in May, 2001 and continued it through May, 

2003. Sampling sites within the James Billie WRP were located in three wet prairies, 

three cypress swamps and 24 borrow ponds (refugia) (Figure 2). Borrow ponds are 

constructed, artificial pools that act as refuge areas where fishes concentrate during the 

dry season. In the reference area, sample sites were located in three wet prairies, three 

cypress swamps, and eight ponds. Two large canals were also sampled to determine the 

populations of native and non-indigenous species that could potentially colonize the 

study habitats. These included the canal used to rewater the WRP and the West Feeder 

canal located near the reference sites (Figure 2). 

The study covered two sampling seasons, May 2001 through April 2002 and May 

2002 through April2003. I sampled borrow ponds (Figure 2) in the WRP before and 

after each wet season. The wet season was from June through early December. In May 

2001, the borrow ponds were sampled for the first time prior to rewatering the WRP. The 

fishes within these borrow ponds were likely the predominant colonizers of the WRP 

during the following wet season. 

The pump used to rewater the WRP began operation at the onset of the wet season 

on 23 July 2001. Water was pumped into the WRP from the adjacent rim canal. An 
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Location of the 
pump, borrow 
ponds (Blue) and 
drift fence arrays 
intheWRP 
located in the 
northern region 
of the 
Reservation. • 
indicates 
locations of the 
arrays. WP1, WP2 
and WP3 are in 
wet prairies. CY1, 
CY2 and CY3 are 
in cypress 
communities. 

2 

WRP Sites 

Location of 
the drift fence 
arrays in the 
reference 
sites located 
in the 
southwest 
comer of the 
reservation. 
WP1, WP2 
andWP3 are 
in wet 
prairies. CY1, 
CY2 and CY3 
are located in 
cypress 
communities. 

Figure 2. Location of Study Sites on the Big Cypress Seminole Indian Reservation. 
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impeller moved water through the pump, making it difficult for fishes to survive passage 

intact. To further limit the possibility of fishes, particularly non-indigenous fishes, 

from passing through the pump, I installed a 3-mm mesh net over the outflow pipe to 

block their entry into the WRP. Small fish larvae may have passed through, but their 

likelihood of survival was low given the impeller and the force of water expelled from 

the pump. The contents of the mesh net over the outflow pipe were examined 

periodically to determine the number and species of fishes that would have entered the 

WRP directly had the impeller not affected their survival. 

Rewatering of the WRP was scheduled to simulate the hydroperiod of a historic 

natural wetland. A variety of sampling techniques were employed to accurately sample 

the fish assemblages on the study sites because all fish-sampling techniques are biased 

toward both habitat and species (Pot et al. 1984, Layman and Smith 2001). I used several 

sampling methods to overcome the bias of any single method. The sampling methods 

included seines, minnow traps, throw traps, gill nets and a boat electroshocker. With each 

technique, surviving fishes were tallied and released back into the respective habitat. 

All borrow ponds within the WRP were seined four times over the course of this 

study before and after rewatering. I set minnow traps in dense areas of submerged 

aquatic vegetation to sample fishes not captured in the seine. A fixed-point, repeated

seining method was also employed in the WRP and in selected borrow ponds located 

along the WRP dike. In this method, the seine was rotated around from a fixed point 

located at the boundary of the sample area. This method was most useful in deeper areas 

with minimal vegetation and was used during the wet season to sample all size classes of 

11 



fish remaining in the deeper borrow ponds after they were free to move into the adjoining 

wet prairies. 

I also used minnow traps within drift-fence arrays for sampling. I constructed 

twelve arrays, six in the WRP and six in the reference area (Table 1 ). In both areas, three 

were placed in wet prairies, and three in cypress stands (Figure 2). The drift fence arrays 

have four 12-meter wings constructed from black plastic nursery ground cloth in an X

shape (Loftus et al. 2001). A square boundary was constructed in the center of the array, 

and holes were cut in each side to place the 3-mm mesh, conical metal minnow traps 

facing each of the four cardinal directions. The wings of the arrays directed fishes into 

the traps, and the traps were fished for 24 hours. Individuals in the traps were 

enumerated and measured (standard lengths). For the first four sample events of each 

array, I measured lengths of all fishes within the traps. During subsequent sampling, I 

measured a sub-sample of the fishes in each trap. During the second wet season, when 

the minnow-trap samples were collected less frequently, length measurements were taken 

for all fishes. Data were recorded separately for each trap in each array, and water depth 

was always measured in the center of the arrays. 
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Table 1. GPS Coordinates of the drift fence array locations in the WRP and the reference area. 

Site 

WRP-WP1 
WRP-WP2 
WRP-WP3 
WRP-CY1 
WRP-CY2 
WRP-CY3 
REF-WP1 
REF-WP2 
REF-WP3 
REF-CY1 
REF-CY2 
REF-CY3 

NAD27 Latitude 
730417.03643239 
729545.3560607 4 
730023.91299600 
729861 .97784227 
729734.62312666 
730302.57854839 
709595.88454427 
705877.49461892 
704666.84447993 
705484.20308519 
707348.34297295 
707711 .41707885 

NAD27 Longitude 

490875.50539664 
489719.66844250 
488843.05947696 
489601.76422818 
490103.89600872 
489521 .33643516 
471789.51993878 
471443.90848680 
471765.36211286 
468629.39533694 
489276.34050149 
496187.74608111 

To sample for fish small enough to pass through the mesh of the minnow traps or 

that avoid these traps, I used a throw trap in the wet prairies (Loftus and Eklund 1994, 

Trexler et al. 2000). The throw trap was a 0.5-m2 open-ended box made of copper 

conduit and fish netting. A fitted dip net accompanied the trap. Prior to sampling, 

random numbers from one to 200 were selected to determine the number of paces away 

from the array center the throw trap would be deployed. Numbers from zero to 360 were 

randomly chosen to determine the compass direction to throw the trap. I used throw traps 

to sample fishes in the cypress swamps during the second year. Because of submerged 

organic material in these areas~ sample sites were selected randomly within open areas. 

To sample fishes too large to be caught in minnow traps. I used experimental gill 

nets in the wet prairies in the WRP and the reference sites. Gill nets were implemented 

within the cypress swamps during the second year of this study. The gill nets contained 

quarter panels of different mesh sizes (1 ,2,3 and 4 em). Nets were attached to poles and 

set out in areas containing water deep enough to be suitable habitat for larger fishes. Nets 

were fished for six hours, and all fishes identified and measured. 
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Finally, a boat electroshocker provided by the U.S. Geological Survey was used 

to sample fishes in the canal that borders the WRP and in the West Feeder canal located 

near the reference sites. One-hundred meter transects were randomly chosen within these 

canals for sampling. Six transects were sampled in the WRP canal, and four transects in 

the West Feeder canal. Sampling of these transects was perfonned during January 2002. 

Tables 2 and 3 detail the number of times each sampling method was employed. 

Table 2. Wet season sampling intensity for tbe two year study period. 

Method WRP Sites Reference Sites 
Seines 10 

Minnow Traps 296 294 
Throw Traps 73 70 

Gill Nets 25 22 
Boat Electroshocking 6 4 

Pump Net Samples 19 N/A 

Table 3. Dry season sampling intensity for the two year study period; In the WRP there were 24 
borrow ponds sampled during each dry season; 8 refugia ponds were sampled in the reference area. 

Method 
Seines 

Minnow Traps 

WRP Sites 
46 
145 

Reference Sites 
10 
20 

During the second year of this study, water-quality data were collected using a 

model 600R YSI water-monitoring unit. I collected measurements of water temperature, 

dissolved oxygen, pH and specific conductance with each fish sample. Hydrology, both 

hydroperiod and water depth, were measured in two digital wells, in cypress communities 

in the WRP and reference area, that continuously recorded water depths at six-hour 

intervals. In addition to collecting abiotic data, vegetative species lists were compiled for 

the WRP and reference habitats to describe general biotic characteristics of the aquatic 

habitats sampled (Appendix 1) 
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Data Analysis 

Monthly means for temperature, dissolved oxygen, pH, and specific conductance 

were calculated using the YSI readings collected during the second year of the study, and 

paired t-tests were performed to determine significant differences between WRP and 

reference wet prairies and cypress swamps. I used thermograph and YSI data to 

determine mean January water temperatures for the two study years and used an ANOV A 

of the temperature data to test for significant differences. Mean hydroperiods and water 

depths were calculated using a combination of field and digital-well data. Regression 

analyses were performed using data from the most proximate digital wells and the 

recorded water depths for each array sample. The resulting regression equations were 

used to determine water depths at six-hour intervals in the center of each array during the 

study period. I averaged these measurements to provide mean water depths and 

hydroperiods for the wet prairies and cypress swamps in the WRP and reference area. I 

tested for significant differences in hydroperiods by ANOV A on the hydroperiod data for 

all sample sites. 

Fish communities were analyzed using a variety of techniques. I calculated 

relative abundance for individual species within the WRP and reference wet prairie and 

cypress habitats, as well as in the WRP pump net. Relative abundance was also 

calculated for species within the non-indigenous cichlid and native centrarchid species 

assemblages. Richness of native and non-indigenous fish species was determined for all 

of the study sites. Native and non-indigenous species diversities were calculated using 

K 
the Shannon Diversity Index: H'=-~/i log pi where k is the number of categories and pi 

is the proportion of observations found in category i (McCune and Grace 2002). I made 
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comparisons between diversity indices using at-test developed by Hutcheson (1970) (Zar 

1998). Catch per unit effort (CPUE) was calculated for minnow-trap and gill-nets 

sampled as catch per trap per hour and catch per net per hour, respectively. I graphed 

minnow-trap data to examine relationships between monthly CPUEs and mean monthly 

water depths, and regression analyses were performed to test for significant relationships. 

Lastly, Jaccard' s similarity index: CC=cls, where c is the number of species common to 

both communities and s is the total number of species in both communities, was utilized 

to determine similarity between the WRP and reference habitats (Mueller-Dombois and 

Ellenberg 1974). 

Ordination techniques were utilized to correlate fish communities with abiotic 

parameters using PC-ORD software (Version 4, mjm Software Design 1999). I 

normalized data by cubing standard lengths to yield estimates of mean biomass for each 

species. This reduced the emphasis of highly abundant, but small species, such as 

Gambusia holbrooki, on ordination results. I ran canonical correspondence analyses 

(CCAs) (ter Braak 1996) to examine relationships between fish communities and abiotic 

habitat characteristics of the wetland habitats and refugia. This analysis performs a 

multiple regression of community gradients on environmental variables (McCune and 

Grace 2002). Each ordination axis correlates with specified environmental variables to 

determine which factors most strongly influence fish community composition. CCA hi

plots were generated that demonstrate the relationship between individual fish species 

and environmental variables within ordination space. 
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RESULTS 

I recorded water depths in the study habitats with each fish sample, and regressed 

those data with corresponding digital-well data to estimate the mean hydroperiods for the 

wetland habitats. During both years, the hydropatterns in the WRP and reference habitats 

differed. The wetland habitats in the WRP had significant (P<0.05) and consistently 

shorter hydroperiods and shallower water depths than those in the reference area (Figures 

3a and 3b, 4a and 4b ). 
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Figure 3a. Mean wetland habitat hydroperiods for the first year ofthis study; u Highly significant 
at P < 0.01; ot Significant at P < 0.05. 
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Figure 3b. Mean wetland habitat hydro periods for the second year of this study; u Highly 
significant at P < 0.01. 
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Figure 4a. Mean water depth in the wet prairie sites 
*Open spaces indicate periods of digital well malfunction 

Mean Water Depth in the Cypress Swamps - WRP - REF 

100 

50 

0 

-50 

-100 

Q ..- 5 ..- Q 5 Q Q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q 0 -- - -- - - - - - -..- ....- ..... ..... ..... ..... ..... ..... ..... ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..... ..- ..-
~ ((! ;:::: Ul "' 

c, -- (';! - (';! 

"" 
~ ~ ((! ;:::: Ul as b - (';! - (';! 

"" 
..... ..- ..- ..-..- ..... ..- ..- ..... ..... 

Figure 4b. Mean water depth in the cypress swamp sites 
*Open spaces indicate periods of digital well malfunction 
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Annual rainfall on the Reservation was 131 em and 129 em during the first and 

second years, respectively. However, despite similar yearly averages, there was greater 

interannual variability in precipitation (Figure 5). For instance, during the first wet 

season, there were periods without precipitation in September and November, while, in 

the second wet season, there was sustained precipitation until January. This resulted in 

the longer hydroperiods in the reference area during the second year of this study. In 

addition, there was a substantial amount of precipitation in the beginning of the second 

wet season (Figure 5). 
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Figure 5. 30-Day moving average of precipitation of the BCSIR during the two years of this study. 
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Water-quality data including water temperature, dissolved-oxygen concentration, 

pH, and specific conductance were collected with each fish sample during the second wet 

season of this study. I calculated monthly means of each of these parameters to 

demonstrate general trends between wet prairies and cypress swamps in the WRP and 

reference area, and I performed paired t-tests to test for significant differences. Water 

temperatures tended to be higher in the reference habitats than in the WRP, consistently 

and significantly so in the wet prairies (Figures 6a and 6b; P=0.02). There was no 

significant difference between the WRP and reference area dissolved-oxygen 

concentration (Figures 7a and 7b ). However, mean monthly dissolved-oxygen 

concentrations were critically low from September through December in both the WRP 

and reference cypress swamp habitats (Figure 7a). pH was similar across all habitats 

(Figures 8a and 8b ). Specific conductance was significantly higher in the WRP cypress 

swamp habitats (Figure 9a; P=0.03). In the wet prairies (Figure 9b), there was no 

significant trend. 
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Temperature In ltle Cypress s-mps - REF 

1:!..35 
- o40 l j30 

• 25 = ~ -------. ~ ! ~ +---~.,.----.,..---.,..---.,...----..: _ ___, 
September October November o-nber Jaruuy 

Figure 6a. Mean monthly temperatures in the 
cypress swamps during the second year of this 
study; P = 0.79. 
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Figure 7a. Mean monthly dissolved oxygen 
concentrations in the cypress swamps during 
the second year of this study; P=0.49. 
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Figure Sa. Mean monthly pH in the cypress 
swamps during the second year of this study; 
P=0.24. 
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Figure 9a. Mean monthly specific 
conductance in the cypress swamps during the 
second year of this study; P=0.03. 

21 

Temperature In ltle Witt Prairies - REF 
-~ 

•P<O.OS 

Seplerrber October November Deoerrber Januaty 

Figure 6b. Mean monthly temperatures in the 
wet prairies during the second year of this 
study; P = 0.02. 
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Figure 7b. Mean monthly dissolved oxygen 
concentrations in the wet prairies during the 
second year of this study; P=O.ll. 
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Figure 8b. Mean monthly pH in the wet 
prairies during the second year of this study; 
P=0.20. 
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second year of this study ; P=0.5l. 



I calculated mean January (typically the coldest month in Florida) water 

temperatures for years one and two using thermograph and YSI data (Table 4). During 

the first January, mean water depth in the wet prairie was approximately 15 em and, 

during the second January, it was approximately nine em. The cypress swamp water 

depth was approximately 35 em during both years. Within each community type, the 

water temperatures were significantly colder during the January of year two (Table 4; 

P<0.001). 

Table 4. Mean January water temperatures for the two study years; different letters within a 
column are significantly different at P<O.OOl 

Study Year 
Year 1 
Year2 

Wet Prairie 
16.4 ·c±o.I4a 
14.8 ·c + o.12 b 
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Cypress Swamp 
15.9 ·c±o.Ioa 
13.8 ·c + o.o6 b 



During this study, I collected 30 species of fishes. Of these, 22 species were 

native, and eight were non-indigenous (Table 5). Common native species included 

fundulids, cyprinodontids, poeciliids, and centrarchids, and were captured in most 

habitats on the Reservation. Uncommon native species included Erimyzon sucetta, 

Labidesthes sicculus, Elassoma evergladei, Enneacanthus gloriosus, and Etheostoma 

fusiforme, which were collected in the reference sites and WRP canal (Table 6). More 

non-indigenous fish species were sampled in wet prairies than in cypress swamps in the 

WRP, but the reverse pattern was documented in the reference sites (Table 7). 

In the wet prairies, relative abundances of non-indigenous species were low for all 

sampling methods except gill nets, which yielded substantially higher relative 

abundances (Table 8). This same pattern was observed in the cypress swamps, where 

abundances of non-indigenous species were also low for all sampling methods except gill 

nets (Table 8). 

Relative abundances of non-indigenous species were similar from year one to 

year two in the WRP, but there were notable changes in the relative abundances of non

indigenous fishes in the reference sites between years (Table 9). For the reference sites, 

in the first year, non-indigenous fishes comprised very small percentages of the fish 

assemblages in the wet prairies and cypress swamps, while in the second year, they 

greatly increased in both communities (Table 9). 
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Table 5. Fisb species sampled on tbe Big Cypress Seminole Indian Reservation (BCSIR). 

LEPISOSTEIDAE 
Lepisosteus plotyrhincus 

CYPRINIDAE 
Notemigonus crysoleucas 

CATOSTOMIDAE 
Eri myzon sucetta 

ICT ALURIDAE 
Ameiurus nata/is 
Ameiurus nebulosus 

CLARIIDAE 
li.Clarias batrachus 

CALLICTHYIDAE 
li.Hoplosterum littorale 

CYPRINODONTIDAE 
Jordanella jloridae 

FUNDULIDAE 
Fundulus chrysotus 
Fundulus conjluentus 

Lucanta goodei 
POECILIIDAE 

J. Belonesox belizanus 
Gambusia holbrooki 
Heterandria formosa 
Poecilia latipinna 

ATHERINIDAE 
Labidesthes sicculus 

ELASSOMA TIDAE 
Elossoma evergladei 

CENTRARCHIDAE 
Enneacanthus gloriosus 
Lepomis gulosus 
Lepomis macrochirus 
Lepomis marginatus 
Lepomis microlophus 
Lepomis punctahls 
Micropterus salmoides 

PERCIDAE 
Etheostoma fusiforme 

CICHLIDAE 
lt.AstronohJs ocellatus 
llt. Cichlasoma bimaculatum 
J. Cichlasoma urophthalmus 
J. Oreochromis aureus 
li.Tilapia mariae 

Ja.Non-indigenous fisb species 
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GARS 
Florida gar 

MINNOWS 
Golden shiner 

SUCKERS 
Lake chubsucker 

BULLHEAD CATFISHES 
Yell ow bullhead 
Brown bullhead 

LABYRINTH CATFISHES 
Walking Catfish 

MAILDED CATFISHES 
Brownhoplo 

KILLIFISHES 
Flagfish 

TOPMINNOWS 
Golden topminnow 
Marsh killifish 
Bluefm killifish 

LIVEBEARERS 
Pike killifiSh 
Mosquitofish 
Least killifish 
Sailfin molly 

SILVERS IDES 
Brook silverside 

PYGMY SUNFISHES 
Everglades pygmy sunfish 

SUNFISHES 
Blue-spotted sunfish 
Warmouth 
Bluegill 
Dollar sunfish 
Redear sunfish 
Spotted sunfish 
Largemouth bass 

PERCHES 
Swamp darter 

CICHLIDS 
Oscar 
Black acara 
Mayan Cichlid 
Blue tilapia 
Spotted tilapia 



Table6. Presence of native fish species on the BCSIR. 

WRPSite:i Ref~ence Site:! 
Species Wet Cypress Canal Refugia Wet Cypress Canal Refugia 

Prairies SwamEs Prairies SwamEs 
LEPISOSTEIDAE 
Lepisosteus platyrhincus + + + + + + 
CYPRINIDAE 
Notemigonus crysoleucas + + + + + 
CATOSTOMJDAE 
Erimyzon sucetta + 
ICTALURIDAE 
Ameiurus nata/is + + + + + + 
Ameiurus nebulosus + + 
CYPRINOOONTIDAE 
Jordanella jloridae + + + + + + + + 
FUNDULIDAE 
Fundulus chrysotus + + + 
Fundulus conjluentus + + + + + + + + 
Lucania goodei + + + + + + + + 
POECILIIDAE 
Gambusia holbrooki + + + + + + + + 
Heterondria Formosa + + + + + + + + 
Poecilia latipinna + + + + + + + 
ATHERINIDAE 
Labidesthes siccu/us + + 
ELASSOMA TIDAE 
E/assoma evergladei + 
CENTRARCHIDAE 
Enneacanthus gloriosus + + + 
Lepomis gulosus + + + + + + + 
Lepomts macrochtrus + + + + + + + 
Lepomis marginatus + + + + + + 
Lepomis micro/ophus + + + + + + 
Lepomls punctatus + + + + + 
Micropterus salmoides + + + + + 
PERCIDAE 
Etheostoma fusiforme + + + + 

Table 7. Presence of non-indigenous fish species on the BCSIR. 

WRPSit~ Reference Sites 
Species Wet Cypress Canal Refugia Wet Cypress Canal Refugia 

Prairies SwamEs Prairies SwamEs 
CLARIIDAE 
Clarias batrachus + + + 
CALLICTHYIDAE 
Hoplosterum littorale + + + + + 
POECILIIDAE 
Be/onesox belizanus + + 
CICHLIDAE 
Astronotus oce/latus + 
Cichlasoma bimaculatum + + + + + + + + 
Cichlasoma urophthalmus + + + + + + 
Oreochromts aureus + + + + + + 
Tilapia mariae + + + + + 
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Table 8. Total number of fishes collected using four different sampling methods, where N is the 
number of times each method was used. Total and percentage of non-indigenous fish is also 
presented. 

Non- Non-
Location! N Fishes indigenous BA Me ST BT 0 we BH PK indigenous 
Method ~Total) (Total) % 

Minnow Traps in Wet Prairies 
WRP 208 8,338 150 142 3 0 0 0 5 0 0 1.8 
REF 148 1,741 84 2 79 0 0 0 0 0 3 4.8 

Throw Traps in Wet Prairies 
WRP 49 731 26 23 0 3 0 0 0 0 0 3.6 
REF 43 200 0 0 0 0 0 0 0 0 0 0.0 

Gill Nets is Wet Prairies 
WRP 16 92 74 51 19 0 4 0 0 0 0 80.0 
REF 13 8 2 I 1 0 0 0 0 0 0 25.0 

Fixed-Point Seines in Wet Prairies 
WRP 10 4674 88 59 17 0 0 10 0 1.9 

Minnow Traps in Cypress Swamps 
WRP 88 3,941 24 24 0 0 0 0 0 0 0 0.6 
REF 120 421 32 10 18 0 3 0 0 1 0 7.6 

Throw Traps in Cypress Swamps 
WRP 27 122 1 1 0 0 0 0 0 0 0 0.8 
REF 27 92 2 2 0 0 0 0 0 0 0 2.2 

Gill Nets in Cypress Swamps 
WRP 9 6 5 5 0 0 0 0 0 0 0 83.0 
REF 9 42 14 8 1 1 0 3 0 1 0 33.3 

Electroshock in Canals 
WRP 6 616 102 26 10 24 42 0 0 0 0 16.6 
REF 4 579 140 2 8 36 94 0 0 0 0 24.2 

Table 9. Total number of fishes collected in the wetland habitats (wet prairies and cypress swamps) 
during the two ;rears of this stud;r. Total and l!ercentage of non-indigenous fish is also l!resented. 

Non- Non-
Year Location Fishes indigenous BA Me ST BT 0 we BH PK indigenous 

~Total2 ~Total) % 
Year 1 - WRP 

Prairies 7561 177 158 12 2 0 0 5 0 0 2.3 
Swamps 1803 8 8 0 0 0 0 0 0 0 0.4 

Year I - REF 
Prairies 1277 3 2 0 0 0 0 0 0 1 0.2 
SwamEs 320 7 7 0 0 0 0 0 0 0 2.2 

Year 2 - WRP 
Prairies 6225 161 117 27 2 4 0 1 10 0 2.6 
Swamps 2125 22 22 0 0 0 0 0 0 0 1.0 

Year 2 - REF 
Prairies 1040 112 8 100 0 0 0 1 0 3 10.8 
SwamEs 210 24 11 2 1 3 5 0 2 0 11.4 

BA=Biack acara (Cichlasoma bimaculatum) MC=Mayan cichlid (Cichlasoma urophthalmus) 
ST=Spotted tilapia (Tilapia mariae) BT=Biue tilapia ( Oreochromis aureus) 
O=Oscar (Astronotus ocellatus) WC=Walking catfish (Qarias batrachus) 
BH=Brown hoplo (Hoplosterum littorale) PK=Pike killifish (Belonesox belizanus) 
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In this analysis, "wetland habitats" describes combined data for wet prairies and 

cypress swamps, and "artificial habitats" describes refugia and canals. Gambusia 

holbrooki was the most common native species in the WRP wetland habitats, although its 

relative abundance decreased during the second year. Conversely, Jordanella floridae 

increased in relative abundance within the WRP wetland habitats during the second year. 

Cichlasoma bimaculatum was the most abundant non-indigenous species in the WRP, but 

it comprised small percentages of the fish communities in both years (Table 10). 

As in the WRP, G. holbrooki was the most abundant native species in the 

reference habitats during both years, except in the reference cypress swamps where J. 

jloridae was the most abundant species in the first year. In the second year, its relative 

abundance dramatically decreased in this habitat (Table 11). Compared to the WRP, 

relative abundances of non-indigenous fish species in the reference area increased 

substantially during the second year (Table 11 ). Overall sampling effort was similar from 

year to year although throw traps and gill nets were used more frequently in year two 

than in year one. Subsequently, minnow traps were used less frequently during year two 

perhaps contributing to changes in relative abundance between years. 

Among the fish communities in all wetland habitats sampled over the study 

period, non-indigenous fishes comprised small percentages, not exceeding 5% (Table 

12). Non-indigenous fishes comprised the majority of fishes sampled in the WRP pump 

net (Table 13; Figure 10). There was a large increase in Hoplosterum littorale, a newly 

invading non-indigenous species in the Big Cypress region, from year one to year two 

(Table 13). Conversely, Clarias batrachus, the most abundant species sampled during 

the first year in the pump net, decreased substantially by the second year (Table 13). 
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Table 10. Relative abundance of fish species in the WRP wetland habitats. 

Wet Total Cypress Total 

Prairies (%) Fishes Swamps (%) Fishes 

Year1 7,561 Year 1 1,803 

G. holbrooki 79.56 G. holbrooki 94.6 
H. formosa 7.47 H. formosa 2.93 
J.floridae 4.92 J.floridae 1.39 

P. latipinna 4.07 P. latipinna 0.67 
~C. bimaculatum 2.09 ~C. bimaculatum 0.41 

L. goodei 1.06 
F. chrysotus 0.22 

L. gulosus/L. marginatus 0.20 
C. urophthalmus 0.16 
~C. batrachus 0.07 
L. macrochints 0.07 
L. microlophus 0.04 
N. crysoleucas 0.03 
~ T. mariae 0.03 

A. nebulo~us 0.01 
F. conjluentus O.Ql 

Year2 6,225 Year2 2,125 

G. holbrooki 63 .04 G. holbrooki 79.11 
J.jloridae 18.14 H. formosa 7.76 

P. latipinna 7.55 J.floridae 6.31 
H. formosa 6.63 P. /atipinna 5.32 

~C. bimaculatum 1.88 ~C. bimaculatum 1.04 
L. gulosus/L. marginatus 0.87 L. goodei 0.33 

F. chrysotus 0.63 F. chrysotus 0.09 
L. goodei 0.45 A. nata/is 0.05 

A C. urophthalmus 0.43 
~H. littorale 0.16 

L. platyrhincus 0.06 
~0. aureus 0.06 
4 T. mariae 0.03 

F. confluentus 0.03 
L. macrochints 0.03 

A. nata/is 0.02 
~Non-indigenous species 
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Table 11. Relative abundance of fish species in the Reference wetland habitats. 

Wet Total Cypress Total 
Prairies (%) Fishes Swamps (%) Fishes 

Year 1 1,277 Year 1 320 

G. holbrooki 85.12 J.jloridae 56.88 
J.floridae 9.48 G. holbrooki 34.06 

P. /atipinna 1.57 L. gulosus!L. marginatus 3.44 
L. gulosus!L. marginatus 1.17 £ C. bimaculatum 2.19 

H. formosa 0.94 L. macrochirus 1.88 
L. goodei 0.63 L. goodei 0.94 

M salmoides 0.31 H. formosa 0.31 
F. chrysotus 0.23 E. fusifonne 0.30 

A C. bimacu/atum 0.16 
F. confluentus 0.16 
L. macrochirus 0.08 

E. fusifonne 0.08 
£ B. belizanus 0.07 

Year2 1,040 Year2 210 

G. holbrooki 62.42 G. holbrooki 42.38 
A C. urophthalmus 10.27 L. gulosus/L. marginatus 16.19 

J.floridae 9.14 J.floridae 14.76 
F. chrysotus 7.19 £ C. bimaculatum 5.24 

L. goodei 3.18 H. formosa 3.33 
H. formosa 2.05 AA. ace/latus 2.39 
P. /atipinna 1.85 L. puctatus 2.38 

L. macrochirus 0.92 E. evergladei 1.90 
£ C. bimaculatum 0.82 E. gloriosus 1.90 

F. confluentus 0.51 E. fusifonne 1.90 
L. punctatus 0.41 M salmoides 1.43 

£ B. belizanus 0.31 £ 0. aureus 1.43 
E. gloriosus 0.31 £ C. urophthalmus 0.96 

L. micro/ophus 0.31 F. chrysotus 0.95 
L. gulosus!L. marginah1s 0.21 £ H. littorale 0.95 

A C. batrachus 0.10 L. macrochirus 0.95 
L. platyrhincus 0.48 

£ T. mariae 0.48 
£ Non-indigenous species 
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Table 12. Relative abundance in the wetland habitats, excluding artificial habitats, for the entire 
study period. 

Total Total 

WRP (%) Fishes REF (%) Fishes 

17,714 2,847 
G. holbrooki 75.39 G. holbrooki 66.49 
J.jloridae 9.31 J.jloridae 14.86 
H. formosa 6.72 L. gulosus/L. marginatus 4.5 
P. /atipinna 5.06 & C. urophtha/mus 3.58 

&C. bimacu/atum 1.71 F. chrysotus 2.63 
L. goodei 0.64 L. goodei 1.48 

L. gu/osus!L. marginatus 0.38 H. formosa 1.4 
F. chrysotus 0.32 P. /atipinna 1.33 

& C. urophtha/mus 0.22 &C. bimacu/atum 0.98 
&H. littorale 0.06 L. macrochirus 0.63 

& C. batrachus 0.03 L. punctatus 0.32 
L. macrochirus 0.03 E. g/oriosus 0.25 
L. platyrhincus 0.03 F. conjluentus 0.24 

&0. aureus 0.02 M sa/moides 0.24 
&T. mariae 0.02 E. fusiforme 0.21 

L. microlophus 0.02 A.A. ocellatus 0.18 
A. nata/is 0.01 &B. belizanus 0.14 

F. conjluentus 0.01 E. evergladei 0.14 
N. chrysoleucas 0.01 L. microlophus 0.11 

A. nebulosus 0.01 Jt. O. aureus 0.11 
&H. littorale 0.07 

& C. batrachus 0.04 
L. platyrhincus 0.04 

&T. mariae 0.03 
&Non-indigenous species 
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Table 13. Relative abundance of the fish species found in the WRP pump net 

Total Total 

Year1 (%) Fishes Year2 (%) Fishes 

90 127 
&C. batrachus 32.22 &H. littorale 20.47 
&0 . aureus 18.88 &0. aureus 17.32 

L macrochirus 14.44 H. formosa 10.24 
G. holbrooki 12.22 &C. bimacu/atum 9.45 

&C. bimacu/atum 10.0 E. fusiforme 9.45 
H. formosa 5.55 &C. batrachus 8.66 
P. latipinna 2.22 J.jloridoe 7.09 

L gulosus/L. marginatus 1.13 P. /atipinna 5.51 
&H. littorale 1.12 G. holbrooki 4.72 
L. punctatus 1.11 F. chrysotus 3.15 
• T. mariae 1.11 &T. mariae 3.15 

L. micro/ophus 0.79 
&Non-indigenous species 

Percentage of Fishes in the WRP Pump Net 

o Natiw 

• Non-indigenous 

Figure 10. Percentage of native and non-indigenous fishes in the WRP pump net from the adjacent 
canal. 
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To examine the distribution of species with similar ecologies (Appendices 2, 

3,4,5), I compiled relative abundances for all non-indigenous cichlids and native 

centrarchids within the cichlid/centrarchid species assemblages (Figures 11a and 11 b). In 

the WRP, relative abundances of cichlids were higher than the reference area in all 

habitats except the refugia where there were little differences between the two sites 

(Figure l la). In contrast, an opposite pattern was found for the centrarchids, where 

relative abundance was higher in all reference sites compared to the WRP habitats, except 

again for the refugia (Figure l l b). Cichlids had higher relative abundances in both the 

WRP wetland habitats and artificial habitats, while in the reference area, centrarchids had 

slightly higher relative abundances in these habitats (Figures 12a and 12b). 
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Figure lla. Relative abundance of non
indigenous cichlids in the cichlid/centrarcbid 
species assemblage for the entire study period. 
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Figure 12a. Relative abundance of non
indigenous cicblids and native centrarchids in 
the cichlid/centrarchid species assemblage in 
the wetland habitats. 
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Figure 11 b. Relative abundance of native 
centrarcbids in the cicblidlcentrarchid species 
assemblage for the entire study period. 
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Figure l2b. Relative abundance of non
indigenous cichlids and native centrarchids in 
the cichlid/centrarcbid species assemblage in 
the artificial habitats. 



Native species richness was higher in the reference habitats than in the WRP 

cypress and refugia habitats, but was the same in the wet prairies and canals (Figure 13a). 

Non-indigenous species richness was higher in the WRP compared to the reference wet 

prairies and canals and was the same in the refugia, but like the native species, the non

indigenous species richness was greater in the reference cypress communities compared 

to the WRP cypress communities (Figure 13b ). 

Analyzed by year, native species richness was higher in the WRP wet prairies but 

lower in the cypress swamps in the first year of the study. The WRP refugia had the 

same species richness during both years (Figure 14a). Richness of non-indigenous 

species increased in the wet prairies and refugia, but remained the same in the cypress 

swamps from year to year (Figure 14b ). 

In the reference area, native species richness increased slightly during the second 

year in the wet prairies, while greater increases in native richness in the cypress swamps 

and refugia were observed in the second year (Figure 14a). Like the native species 

richness, non-indigenous species richness increased in the second year in the reference 

wet prairies and refugia, but increased most in the cypress swamps (Figure 14b ). 
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Figure 13a. Native species richness for the 
two year study period. 
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Figure 14a. Native species richness by years 
Canals were not electroshocked during year 
two. 
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Figure 13b. Non-indigenous species richness 
for the two year study period. 
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Figure 14b. Non-indigenous species richness 
by years. Canals were not electroshocked 
during year two. 



The Shannon species diversity.index showed similar patterns to richness. Native 

species diversity was significantly higher in the reference area for three of the four 

habitats. This included the cypress communities and the two artificial habitats, canals 

and refugia (Figure 15a; P<0.05). For non-indigenous fishes, species diversity was also 

significantly greater in the reference cypress habitats, but was significantly lower in the 

canal (Figure 15b; P<0.05). There were no significant differences among non-indigenous 

fish diversity in the other two habitats (Figure 15b ). 

When examined by year, species diversity, again, followed a similar pattern as 

species richness for native fishes, although this pattern was not observed with non

indigenous species diversity. During the second year, native species diversities in the 

WRP and reference area were significantly higher than in the first year in all habitats 

studied (Figure 16a; P<0.05). During the second year, non-indigenous species 

diversities were also significantly higher in the WRP wet prairies but were significantly 

lower in the WRP refugia (Figure 16b; P<0.05). In the reference cypress swamps, a 

pattern similar to species richness was observed in which non-indigenous species 

diversity was significantly higher in the reference area in year two compared to year one 

(Figure 16b; P<0.05). 
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Figure 15a. Native species diversity for the 
two year study period; *Significant at 
*P < 0.05. 
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Figure 16a. Native species diversity by years; 
Canals were not electroshocked during year 
two; Significant at * P < 0.05. 
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Figure 15b. Non-indigenous species diversity 
for the two year study period; Significant at 
*P <0 .05. 
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Figure 16b. Non-indigenous species diversity 
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during year two; Significant at * P < 0.05. 



Catch-per-unit effort (CPUE) was calculated for minnow trap and gill net samples 

(Table 14 ). Among the non-indigenous species, CPUE using minnow traps was greatest 

for C. bimaculatum in the WRP while C. urophthalmus was greatest in the reference 

wetland habitats. In the gill nets, C. bimaculatum had the greatest CPUE of any species 

sampled in both sampling regions. Among the native species, G. holbrooki had the 

greatest CPUE in the minnow traps for both the WRP and reference sites (Table 14). For 

native species in the gill nets, CPUE was highest for L. platyrinchus in the WRP, while in 

the reference area, L. gulosus and L. marginatus had the greatest CPUE (Table 14 ). 

In the WRP wet prairies, I found a close relationship between monthly minnow 

trap CPUE and mean water depth during both wet seasons (Figure 17; R2 
= 0.73, P=0.06 

and R2=0.99, P=0.005 for wet season one and wet season two, respectively), significantly 

so for the second wet season. During the first wet season, most species were present 

within the first month, with two additional species occurring in the second month (Figure 

17). During the second wet season, when water depths were shallower, only three 

species occurred within the first month of sampling. All other species sampled were 

recorded in the second month. Overall richness in minnow-trap samples decreased from 

15 species in the first wet season to nine species by the second (Figure 17). 

Unlike the WRP, the relationship between monthly minnow trap CPUE in the 

reference wet prairies and mean water depth was not strong (Figure 18; R2=0.002, P=0.94 

and R2=0.60, P=0.22 for wet season one and wet season two, respectively). However, 

like the WRP, most species in the reference wet prairies were recorded within the first 

month of sampling, and a few additional species were recorded throughout both wet 

seasons. Belonesox belizanus, another new non-indigenous species to colonize the 
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Table 14. Catch per unit effort (CPUE) of the minnow trap and gill net samples in wetland habitats. 

Minnow Traps Gill Nets 

(Fish*Trap"1*Hour"1
) (Fish*Nef1*Hour"1

) 

seecies WRP REF WRP REF 
A. nata/is 0.0002 

A. nebulosus 0.0002 
A.A. ocellatus 0.0227 
A.B. belizanus 0.0004 

L. gulosus/L. marginatus 0.0021 0.0092 0.0200 0.1742 
A C. bimaculatum 0.0235 0.0019 0.3730 0.0682 
A C. urophthalmus 0.0005 0.0151 0.1270 0.0152 

AC. batrachus 0.0008 
E. evergladei 0.0006 
E. gloriosus 0.0004 
E. sucetta 

E. jusiforme 0.0009 
F. chrysotus 0.0040 0.0036 0.0075 

F. conjluentus 0.0002 ' 0.0005 
G. holbrooki 1.3238 0.2304 
H . .formosa 0.0956 0.0022 
AH. littorale 0.0002 0.0075 
J.jloridae 0.0803 0.0570 0.0070 
L. sicculus 

L. platyrhincus 0.0270 0.0075 
L. macrochin1s 0.0008 0.0028 
L. microlophus 0.0005 

L. punctatus 0.0378 
L. goodei 0.0076 0.0050 

M salmoides 0.0006 0.0227 
N. crysoleucas 

AO. aureus 0.0005 0.0270 
P. latipinna 0.0612 0.0043 0.0070 0.0075 
AT mariae 0.0075 

ANon-indigenous species 
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Figure 17. Relationship between minnow trap CPUE and mean water depth in the WRP wet 
prairies. The first recording of each species is listed for both wet seasons in descending order of their 
relative abundances; *"Highly significant at P<O.Ol. 
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Figure 18. Relationship between minnow trap CPUE and water depth in the reference wet prairies. 
The first recording of each species is listed for both wet seasons in descending order of their relative 
abundances. 
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Big Cypress Swamp, was frrst recorded at the end of the frrst wet season, and again late 

in the second wet season. During the second wet season, C. urophthalmus, which had not 

been sampled in minnow traps during the first wet season, became the most abundant fish 

during the first month of the second wet season (Figure 18). Similar to the WRP, species 

richness in the reference area decreased from the frrst to the second year, 14 versus 11 

species, respectively. Overall, mean water depths were deeper in the reference wet 

prairies in the second wet season than in the first (Figure 18). 

Like the WRP wet prairies, a strong relationship between monthly minnow trap 

CPUE and mean water depth also occurred in the WRP cypress swamps (Figure 19; 

R2=0.98, P=0.08 and R2=0.95, P=0.02 for wet season one and two, respectively), again, 

significantly so for the second wet season. During the frrst wet season, only six species 

were collected, and unlike the wet prairies, the richness of species sampled increased to 

eight during the second wet season, but only three species were observed during the first 

month of sampling when the mean water depth was low (Figure 19). 

As in the reference wet prairies, there appeared to be no relationship in monthly 

minnow trap CPUE and mean water depth in the reference cypress swamps during the 

first wet season (Figure 20; R2=0.11, P=0.58); however, a significant relationship was 

observed during the second season (Figure 20; R2=0.91, P=0.04). During the first wet 

season, all species collected with minnow traps were present within the first month of 

sampling. In the second year, species were collected throughout the wet season. Unlike 

the results from the wet prairie, species richness in the minnow trap samples increased 

from nine species during the first season to 13 species during the second season. CPUE 

in this habitat never exceeded 0.5 fish*trap-1*hour-1 (Figure 20). 
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Figure 19. Relationship between minnow trap CPUE and water depth in the WRP cypress swamps; 
*Significant at P<0.05. The first recording of each species is listed for both wet seasons in descending 
order of their relative abundances. 
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descending order of their relative abundances. 
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Using data from the wet prairies, cypress swamps, and refugia, I performed 

canonical correspondence analysis (CCA.s) to discern patterns in fish assemblages and 

investigate the relationship between fish-species distribution and abiotic gradients. 

Figure 21 shows the biplot of common native species with hydrological variables. 

Hydroperiod had a strong correlation with axis one (r=0.96 ~ tau=0.81), and depth 

correlated strongly with axis two (r=0 . 99~ tau=0.96). Corresponding with their relative 

abundances, species in quadrant one were found in deep habitats with long hydroperiods 

such as cypress swamps and refugia in the reference habitats. All species in quadrant 

one had higher relative abundances in the reference area than in the WRP (Table 12). 

Figure 22 shows patterns in non-indigenous species with depth and hydroperiod. 

Within this biplot, depth had the strongest correlation with axis one (r=0.82; tau=0.66), 

and hydroperiod had the greatest correlation with axis two (r=0.61 ~ tau=0.47). Two non

indigenous species with capabilities to migrate on land and breathe air, C. batrachus and 

H. littorale, were positioned in quadrant three, away from the depth and hydroperiod 

vectors. 

Figure 23 shows the biplot of all fish species with water temperature, dissolved 

oxygen concentration, pH, specific conductance and hydroperiod. Water temperature had 

the highest correlation with axis one (r=0.75; tau=0.56), but hydroperiod also correlated 

with axis one (r=0.43 ~ tau=0.26). Specific conductance was negatively correlated with 

axis two (r=-0.78 ~ tau=-0.57) but was positively correlated with axis three (r=0 . 56~ 

tau=0.53). With the exception of Astronotus ocellatus, non-indigenous species tended to 

be positioned within or near quadrants one and four where increased temperatures and 

longer hydroperiods are represented. 
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Figure 21. CCA biplot of hydrologic variables and common native fish species sampled in 
wet prairies, cypress swamps and refugia on the BCSm during both years of this study. 

43 



C\1 C. b1tra 

t/) + ·x 
<( 

CCA 2: Non-indigenous Species and Hydrologic Variables 

B. bollz 

+ 
Quadrant 2 

C. bii'I"'IC 

+ A. ocelt 

+ 

C11opt 

+ 

Quadrant 3 Ht~to 

+ 
Axis 1 

Quadrant 1 

Hydroper 

T. nwia 

+ 

O. axeu 

+ 

Quadrant 4 
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CCA 3: Fish Species and Abiotic Variables 

E. fiEif Quadrant2 Quadrant 1 
+ 

4 A. ocoll 

+ 

H forrro L nicro 

+ + 

I 
I 

E.IMII'~ 
+ 

F.cttys 

+ 

I 

+ 

1A. Nota 

4 C. bill'8C ..... 
I 
I 

4 B. boliz 

+ 

• c. uroph N. cryso 

+ 

~~r + ------------------------------------~ ~ ... ~~ ;r;:~---..... rem • c_-------
L.g-L.m + •.t 1~ 

1 
Hydroper E. glori 

Quadrant3 

M. "" + 
C. balra + 

• + 

Axis 1 

L siccu 

+ 
T. rrarla 

• + Quadrant4 

Figure 23. CCA biplot of abiotic variables and fish species sampled in wet prairies, cypress 
swamps and refugia on the BCSIR during both years of this study • 
• Non-indigenous species 

45 



I used Jaccard's similarity index to calculate how closely the fish communities in 

the WRP resembled those in the reference habitats. I also used it to determine how 

similar communities in WRP and reference habitats were between years. Fish 

communities in the artificial habitats were the most similar (Table 15) while the fish 

communities in the wetland habitats, particularly in the cypress swamps, were the least 

similar (Table 15). Fish communities in all WRP and reference habitats differed between 

the two years, with the lowest similarity again occurring in the cypress communities for 

both regions (Table 16). 

Table 15 • Jaccard's similarity comparison between the WRP and reference habitats (REF). 

Habitat 
Wet Prairies 

Cypress Swamps 
Refugia 
Canals 

Jaccard's Similarity 
52% 
2~/o 

60% 
75% 

Table 16. Jaccard's similarity comparison between years. 

Year 1 vs. Year 2 Jaccard's Similarity 

WRP 
Wet Prairies 52% 
Cypress Swamps 2~/o 

Refugia 60% 
REF 

Wet Prairies 61% 
Cypress Swamps 37% 
Refugia 50% 
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DISCUSSION 

Data on the fish assemblages in restored and natural wetland habitats on the Big 

Cypress Seminole Indian Reservation revealed a rather diverse assemblage of native and 

non-indigenous fishes typical of South Florida wetlands (Loftus and Kushlan 1987, 

Loftus 2000a). I hypothesized that relative abundance, richness and diversity of non

indigenous species would be higher in the restored WRP compared to reference sites 

while these same parameters would be lower in the WRP for native species. In wetlands 

located far from artificial habitats such as canals, ditches and borrow ponds, there is little 

evidence that non-indigenous fishes are problematic components within fish communities 

(Trexler et al. 2000). However, in this study, the restored WRP wetland is located 

adjacent to several small canals, and within its levee there are ditches and constructed 

borrow ponds. In addition, rewatering of the WRP is accomplished by pumping water 

directly from one of these canals. Despite measures to limit invasion of the WRP by non

indigenous fishes, I thought the close proximity to these canals nevertheless created a 

greater potential for colonization of non-indigenous fishes in the WRP than in the 

reference sites, which are located much farther from canals. 

Most fishes likely migrated to the WRP during a significant rain event in October 

1999 that flooded the Reservation during the WRP construction. During my study, 

further invasions of non-indigenous fishes were limited by the impeller within the pump 

and the net placed over the pump outflow. However, these measures did not entirely 
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exclude non-indigenous species introductions to the WRP. For instance, during a brief 

flood event in the first wet season, a small breach in the dike was made to drain water 

from a nearby agricultural field, probably introducing fishes. Additionally, an alligator 

damaged the pump net which may also have allowed fishes that survived passage through 

the pump to enter the WRP for a brief period. Nevertheless, the pump net and impeller 

likely limited potentially large numbers of non-indigenous fishes from entering the WRP 

since the pump net samples were composed of 68% non-indigenous fishes from the 

adjacent canal (Figure 10). 

Species richness and diversity of native species tended to be higher in the 

reference habitats (Figures 13a and 15a), significantly so for the native species diversity 

in all habitats except the wet prairies (Figure 15a). This largely supported my hypothesis 

with regard to native species. A landscape-level study of fish species richness in Oregon 

discussed that the presence of non-indigenous species may contribute to variation in 

species richness (Rathert et al. 1999). In that study, the authors did not detect adverse 

impacts of non-indigenous fishes on native species richness, although they noted that 

native and non-indigenous species may not have co-occurred long enough to affect native 

species richness (Rathert et al. 1999). Similarly in this study, native species richness in 

the wet prairies may not appear to have been influenced by non-indigenous fishes 

because the study duration did not allow sufficient time to verify long-term effects within 

the restored WRP wetlands. 

Non-indigenous species richness and diversity were higher in the WRP wet 

prairies and canal (Figures 13b and 15b), although diversity was only significantly higher 

in the WRP canal (Figure 15b ). This only partially supported my hypothesis because 
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there were no significant differences in the wet prairies and refugia and, in opposition to 

the hypothesis, non-indigenous species diversity was significantly lower in the WRP 

cypress swamps compared to the reference cypress communities. The pump net and 

impeller may have contributed substantially in blocking access of non-indigenous fishes 

into the WRP, although habitat differences between the WRP and reference cypress sites 

may also have played a role. 

Another possible explanation contributing to the lower non-indigenous relative 

abundance (Tables 10 and 11), species richness (Figure 13b) and species diversity 

(Figure 15b) in the WRP cypress swamps may result from shorter hydroperiods in the 

WRP compared with those experienced in the reference sites (Figures 3a and 3b ). 

Though management of the WRP attempted to mimic natural hydrologic conditions 

characteristic of the Big Cypress Swamp, premature dry-down occurred during both years 

of this study. In addition, water depths in the cypress swamp habitats in the WRP were 

consistently shallower than those found in the reference cypress swamps (Figure 4b ). 

The reference cypress swamps were strands, deeper channels that move water over the 

landscape, unlike the cypress domes in the WRP. Many non-indigenous species, such as 

cichlids, are larger-bodied predatory fishes that require deeper habitats. Kushlan (1976, 

1980) discussed how longer hydroperiods and increased hydrologic stability resulted in 

increased species richness and species diversity in Everglades marshes and resulted in a 

shift in community composition from small forage fishes to larger, predatory fishes. It 

should be noted, however, that the results in Kushlan's studies may have been influenced 

by habitat alterations caused by the pull trap sampling method (Loftus and Eklund 1994 ). 

To further illustrate hydrologic affects on fish communities, it has been found that within 
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floodplain wetlands in Louisiana, artificial wetlands isolated from natural flooding within 

the floodplain suffer decreases in species diversity when seasonal flood waters are 

removed (Pezold 1998). In this study, strong relationships with minnow trap CPUE and 

water depth were observed in the wet prairies and cypress swamps in the WRP (Figures 

17 and 19), significantly so in the second wet season when premature dry-down resulting 

from mechanical failures with the pump commonly occurred. However, minnow-trap 

CPUE in the WRP cypress swamps was far greater than in the reference cypress swamps, 

despite greater water depths in the reference sites. Jordan et al. (1998) found that fishes 

become concentrated in deeper cypress swamps during frequent dry-downs of adjacent 

wet prairies and marshes. Therefore, the greater CPUEs in the WRP Cypress swamps 

was likely the result of fishes concentrated in these habitats during dry downs of the 

adjoining wet prairies. As indicated in the CCA biplot of the common native species 

(Figure 21), depth and hydroperiod influenced patterns in the native fish assemblages. 

Large-bodied centrarchids such as M salmoides, L. punctatus and Lepomis macrochirus 

had higher relative abundances and CPUEs in the reference habitats, likely because the 

hydrology was more conducive to their body sizes (Appendix 2). In preliminary 

assessments of the Kissimmee River restoration, fish populations greatly increased in 

response to prolonged periods of high water experienced during a demonstration project, 

although M salmoides, L. punctatus and L. macrochirus were largely absent from 

surveys because water levels were not sufficient to accommodate utilization of the marsh 

habitat by these species (Toth 1993). Along with hydrologic fluctuation, discrepancies 

observed between native fish assemblages in the WRP and reference wetlands were likely 

also influenced by the initial colonization of fishes into the WRP. As discussed in 
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Streever and Crisman (1993 ), differences in fish populations between natural and 

constructed wetlands in Florida may result from restricted recruitment of fishes in 

constructed wetlands. They also discuss that varied environmental conditions between 

natural and constructed wetlands result in differences between fish communities. 

Results of the CCAs indicate that depth and hydroperiod may influence native and 

non-indigenous species patterns. A result of the CCA of abiotic variables further 

suggests that specific conductance may affect species assemblages (Figure 23). This 

corresponds with the results of the YSI data that showed specific conductance to be 

significantly different between WRP and reference cypress habitats (Figure 9a). 

Significantly higher specific conductance in the WRP cypress swamps may have altered 

native and non-indigenous species assemblages in these habitats. For instance, Poecilia 

latipinna is a native species known to inhabit environments with high specific 

conductance (Hoyer and Canfield 1994, Dunson and Paradise 1997). In the WRP, P. 

latipinna was collected in WRP cypress swamps but not in reference cypress habitats 

where specific conductance was significantly lower (Table 6; Figure 9a). C. 

bimaculatum was the only non-indigenous species to be collected in the WRP cypress 

swamps. This fmding contradicts studies in other regions of the country where non

indigenous fish species have been abundant in habitats with high specific conductance. 

Brown (2000) conducted a study relating environmental variables to fish communities in 

the San Joaquin River drainage of California. In his study, CCAs demonstrated that fish 

communities were correlated with specific conductance, although, unlike the WRP, non

indigenous species in that region were found in habitats with high conductance. He 

stated that specific conductance is a good indicator of agricultural land use and that these 

51 



degraded environments tend to be easily invaded by non-indigenous species. The area of 

the WRP has been largely impacted by agricultural activities, and this likely contributes 

to the difference in specific conductance between the WRP and reference cypress 

swamps. Compared with rainwater, canal water, such as that used to rewater the WRP, 

tends to have higher specific conductance because, as in this case, it often contains water 

draining in from agricultural sites and passes over different geologic substrates. In 

contrast to Brown (2000), non-indigenous fishes were not common in WRP cypress 

swamps with high specific conductance, but similar native species, such as substrate 

spawning centrarchids were also absent from these habitats, suggesting that non

indigenous species were not the only species to be restricted. The low dissolved oxygen 

in these habitats probably led to some of these restrictions (Figure 7a). Most native 

species collected in the WRP cypress habitats have morphological adaptations for 

survival in low oxygen environments. Specifically, their mouths are placed at the top of 

their heads, thus allowing them to breathe the thin firm of air at the surface of the water. 

Fish communities differed greatly within habitats between the two years of this 

study. This is illustrated, not only by the fluctuating relative abundances, richness, and 

diversities observed between years, but also by the Jaccard' s similarity comparisons 

(Tables 15 and 16). In the WRP, this may be because fish assemblages are still 

developing. A dynamic-simulation model of a created freshwater wetland in Ohio 

demonstrated that it would take at least four years before stable fish communities would 

be established (Metzker and Mitsch 1997). For the reference area, non-indigenous fish 

assemblages differed greatly between the two study years (Tables 9 and 11 ). In the 

second year, all eight non-indigenous fishes recorded on the Reservation were identified 
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in the reference habitats, and the relative abundance of one species, C. urophthalmus, 

greatly increased between years (Table 11). Many non-indigenous species, including C. 

urophthalmus are from tropical regions (Loftus 2000a) (Appendix 6) and are not adapted 

to survive cold water temperatures during winter cold spells in Florida (Loftus and 

Kushlan 1987). During this study, a mild winter separated the two sampling seasons. 

Consequently, if non-indigenous fishes were not adversely affected by cold temperatures 

during that winter, their survivorship may have increased their populations in the 

reference habitats. In the reference area, thermal refugia are not as proximate to the 

wetland habitats as the borrow ponds are in the WRP, thus non-indigenous fishes 

restricted to these reference habitats may suffer greater mortality during cold years. 

However, that effect may be mitigated by the deeper water depths characteristic ofthe 

reference habitats. Because a mild winter separated the two sampling seasons and water 

depths were greater in the reference wetlands, mortality of C. urophthalmus in reference 

wet prairies may have been avoided. Water-quality data indicated that water 

temperatures in the reference wet prairies were significantly higher than in the WRP 

(Figure 6b). Trexler et al. (2000) stated that relative abundances of non-indigenous fishes 

in wet prairie habitats were greatest in the southern, warmest portions of the Everglades. 

On the reservation, the wet-prairie temperature data and the relative abundances of non

indigenous species in the reference wet prairies, supports this pattern. Relating directly 

to the increase in C. urophthalmus abundance in the reference habitats, Trexler et al. 

(200 1) stated that, in their investigation of data bases over a 20-year period, abundance of 

C. urophthalmus fluctuated greatly with annual temperature minima. However, Faunce 

and Lorenz (2000) suggested that reproduction and growth of C. urophthalmus was 
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influenced more by changes in salinity and water level in coastal mangrove habitats than 

by temperature. The increased hydroperiods and overall wetter conditions experienced 

during the second year (Figures 3b, 4a, 4b and 5) may also have facilitated dispersal of 

non-indigenous fishes into the reference sites. 

The question of whether constructed WRP wetlands will successfully restore 

native fauna was a major motivation for this research. Fish communities were chosen as 

the focus for this study because of their trophic position in Everglades food webs, their 

responses to hydrologic conditions (Carlson and Duever 1979, Kushlan 1980, Loftus and 

Eklund 1994, Northcote 1998, Jordan et al. 1998, DeAngelis et al. 1998, Gaff et al. 2000, 

Loftus et al. 2001) and the potential for non-indigenous species to negatively affect native 

fish communities (Taylor et al. 1984 ). In the WRP, the lower species richness and 

diversity documented for both native and non-indigenous species (Figures 13a and 13b 

and 15a and 15b) were based on two years of sampling. It has been suggested that 

constructed wetlands created for mitigation purposes require at least 15-20 years before 

their biological success can be judged (Mitsch and Wilson 1996). Several more years of 

sampling within the WRP is required to assess its success in restoring native fauna and 

the potential impact of non-indigenous fishes. However, as documented in other wetland 

restoration projects in Florida (Toth 1993, Langston and Kent 1997, Baber et al. 2002), 

fish assemblages developed rapidly with rewatering in the WRP. The most abundant 

species within the assemblages were small, native cyprinodontids and poeciliids. These 

species are consistent with the most abundant species documented in other studies of 

wetland fish assemblages in Florida (Carlson and Duever 1979, Duever et al . 1986, 

Loftus and Eklund 1994, Langston and Kent 1997, Jordan et al . 1998 and Loftus et al . 
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2001 ). C. bimaculatum was the most common non-indigenous species in the WRP 

habitats whereas C. urophthalmus was the most abundant non-indigenous species in the 

reference sites, particularly in the wet prairies. This finding is consistent with studies of 

the southern Everglades, where C. urophthalmus tends to be the most abundant non

indigenous species (Faunce and Lorenz 2000, Trexler et al. 2001 ). 

This study documented the presence of two non-indigenous fish species that are 

relatively new to the Big Cypress region. One of these species, Hoplosternum littorale, 

was not known south of Lake Okeechobee prior to this study (Nico et al. 1996). One 

individual was sampled in the pump net during the first year, but in the second year, H. 

littorale had the greatest relative abundance of all species in the pump net (Table 13), 

indicating an increase in its population within the WRP canal. Concurrently, the relative 

abundance of C. batrachus, the most abundant species caught in the pump net during the 

first year, greatly decreased in the second (Table 13). These non-indigenous species 

share similar behaviors (Appendix 5), and both are capable of tolerating low dissolved

oxygen levels (Courtenay et al. 1974, Hostache and Mol 1998, Mol 2000) characteristic 

of canal bottoms (Toth 1993). Relative abundances of H. littorale and C. batrachus in 

the pump net may suggest negative interactions between these two species in the WRP 

canal, but further study would be required to validate this. Despite the use of the pump 

net, H. littorale was seined in a WRP wet prairie in the second year (Table 1 0). I also 

collected it in reference habitats in the second year, but it was not abundant. Results of 

the CCA on non-indigenous fish species and hydrologic variables show H. littorale 

occupying ordination space that is not in close proximity to the depth and hydroperiod 

vectors (Figure 22). H. littorale can move over land during damp periods and breathe air 
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(Nico et al. 1996, Mol et al. 2000), thus its distribution may not be as restricted by 

hydrology as other non-indigenous fishes. Because ofthis, H. littorale may successfully 

establish in WRP habitats where hydroperiods are shorter. Further monitoring of H. 

littorale in the WRP and the greater Big Cypress region is recommended to continue to 

document its population dynamics and ecology. 

The second new non-indigenous species documented in this study was 

Belonesox belizanus, which is common in the southern Everglades (Trexler et al. 2000). 

Although it has also been sampled in the southern portion of the Big Cypress National 

Preserve, this species is relatively new to the Big Cypress region. B. belizanus was only 

sampled in reference sites in the southern portion of the Reservation (Table 11, Figure 

18) and these samples are among the northernmost known records of its occurrence 

(Loftus, personal communication). 

In the WRP, non-indigenous fishes comprised very small relative abundances of 

the fishes sampled with minnow traps, throw traps and seines (Table 8). Fishes sampled 

with these methods are small-bodied. Therefore, non-indigenous fishes were only a 

minor component of the small fish assemblage. The extremely large quantity of G. 

holbrooki sampled during this study resulted in decreased relative abundances of all other 

fishes, including non-indigenous fishes (Table 10). G. holbrooki is ovoviviparous and 

able to spawn quickly in response to increased hydrology, thereby rapidly increasing its 

populations early in wet seasons (Kushlan 1980). 1t is also a "pioneer species" capable of 

surviving harsh conditions and of invading areas having low populations of other species 

(Capone and Kushlan 1991); which may help explain its great abundance in the WRP 

habitats. It was more abundant in the hydrologically ephemeral reference wet prairies, 

56 



compared to the reference cypress swamps, where G. holbrooki was substantially lower 

in relative abundance. 

Gill nets, which sample large-bodied fishes, yielded high relative abundances 

(Table 8) and CPUEs (Table 14) of non-indigenous fishes. This suggests that the large

fish assemblages in the WRP were dominated by non-indigenous fishes, again supporting 

the study hypothesis. C. bimaculatum was the most numerically dominant non

indigenous species sampled in WRP wet prairie and cypress swamp gill nets (Table 8), 

and it also had the greatest CPUE of any species captured in WRP gill nets (Table 14). 

The cypress swamps in the WRP had a low species richness compared with the other 

habitats studied (Figures 13a, 13b and 19). It has been suggested that in habitats with few 

native species, an invading species is likely to be more conspicuous and have more 

dramatic effects than in habitats with more diverse communities (Moyle and Light 1996). 

Fishes with similar ecologies such as non-indigenous cichlids and native 

centrarchids (Appendices 2,3,4 and 5) may be compared to gain insight into the possible 

impact of non-indigenous fishes on native fishes. Large abundances of cichlids may 

impact populations of centrarchids when such ecological parameters as increased 

predation pressure on juveniles, competition for prey, or competition for nest space 

become factors (Taylor et al. 1984, Trexler et al. 2000). During the second wet season of 

this study, non-indigenous C. bimaculatum and C. urophthalmus individuals were 

observed foraging within a native L. punctatus 's nest in a reference wet prairie. No 

native fishes were observed, though native Lepomis gulosus individuals were sampled 

within close proximity to this nest. The day after this observation, the nest was gone 

(Dunker, personal observation). Interestingly, L. gulosus, a similar trophic-level species 

57 



(Appendix 4), was not observed foraging in the nest. This observation may be an 

example of how non-indigenous cichlids have increased predation pressure on native 

species. Predation of native centrarchids by non-indigenous cichlids has also been 

observed in Everglades National Park (Trexler et al. 2000). 

There are several ways non-indigenous fishes can adversely impact native 

populations. For instance, introduced species can alter existing habitat conditions 

through vegetation removal and water-quality degradation. On the Reservation, nests of 

Oreochromis aureus have been observed in the WRP wet prairies, and vegetation around 

these nests has been completely cleared (Dunker, personal observation). Competition for 

nest space, especially among substrate spawners, is another negative impact. In Florida, 

there is evidence of interspecific competition among substrate spawners such as non

indigenous cichlids and native centrarchids in Everglades National Park (Trexler et al. 

2000). Direct impacts of non-indigenous fishes on native species include alterations of 

trophic relationships within aquatic communities (Zaret and Paine 1993, Loftus et al. 

2001 ). Successful colonization of a non-indigenous species may increase foraging 

opportunities for native piscivores, as is exemplified by the abundant food source that the 

non-indigenous Tilapia mariae, provides for the native M salmoides in South Florida 

canals (Annett 1998). In these situations, a decrease in prey quality may occur if the non

indigenous species replaces the native forage species (Taylor et al. 1984). Introduced 

species can also increase interspecific competition by reducing the prey resources of 

native fishes. In addition, increased predation pressure on native species could directly 

affect native populations as illustrated by the L. punctatus nest anecdote. 

58 



In South Florida, non-indigenous cichlids share similar ecologies with native 

sunfishes, and competition may occur in aquatic environments with limited resources that 

are inhabited by both families (Taylor et al. 1984). In investigating relative abundance of 

non-indigenous cichlids and native centrarchids, cichlids outnumbered centrarchids in all 

habitats within the WRP except refugia (Figure lla) while the opposite pattern was 

observed in the reference habitats (Figure 11 b). Differences in cichlid and centrarchid 

relative abundances in the WRP and reference refugia were minor and imply that the 

refugia successfully provided habitat for all species in this assemblage. In studies of 

cichlids in Lake Nabugabo in Uganda, wetland ecotones have been found to serve as 

refugia for endangered cichlids seeking protection from Nile Perch predation. These 

ecotones act as refugia because they have a high degree of structural complexity, thus 

allowing a wide range of species to find protection (Chapman et al. 1995, Chapman et al. 

1996). On the Reservation, refugia are highly vegetated and likely contain a high degree 

of structural complexity as well, thereby allowing native centrarchids and non-indigenous 

cichlids to co-exist. These results of the cichlid-centrarchid species assemblages coincide 

with relative abundances and CPUEs of gill net data suggesting that the large-fish 

assemblages in the WRP wet prairies and cypress swamps may be dominated by non

indigenous fishes. A study of fish assemblages in California streams describes an ability 

of the native fish assemblage to resist invasion by non-indigenous fishes so long as the 

streams remain undisturbed by anthropomorphic activity (Baltz and Moyle 1993). In the 

upper Peace River in Florida, a high relative abundance of Oreochromis aureus was 

found in one of the most anthropomorphically disturbed areas of the river (Champeau 

1990). On the Big Cypress Seminole Indian Reservation, reference sites are less 
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disturbed and are not as influenced by human activity as the WRP sites. This may help 

explain the greater native centrarchid relative abundance compared to the non-indigenous 

cichlids in the reference area habitats. 

The results of these comparisons suggest that, when examining the entire fish 

assemblage in the WRP, non-indigenous fishes appear to be minor components. 

However, when examining large-fish assemblages and families with similar ecologies, 

negative interactions may be occurring in the WRP. Continued research and monitoring 

of the fish assemblages on the Big Cypress Seminole Indian Reservation is recommended 

to document the dispersal of non-indigenous species and allow for long term assessment 

of their impact on restoration success in the restored wetland within the Big Cypress 

Swamp. 
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CONCLUSION 

Native and non-indigenous fishes in restored and natural wetlands on the Big 

Cypress Seminole Indian Reservation differ within species assemblages. Within the 

restored WRP wetlands, small fishes appeared to respond favorably to rewatering. 

However, larger bodied fish assemblages were dominated by non-indigenous fishes with 

C. bimaculatum being the most abundant. In the reference sites, non-indigenous fishes 

were more conspicuous during the second year of this study. All eight non-indigenous 

species collected on the reservation were sampled in the reference habitats in the second 

year. C. urohpthalmus, the most abundant non-indigenous species in the reference area, 

greatly increased between years. Increases in non-indigenous species in the reference 

habitats likely related to the mild winter temperatures between study years and the greater 

hydropattems in the second year. Two new non-indigenous species to the Big Cypress 

region, Hoplosterum littorale and Belonesox belizanus, were also documented. 

When examining the entire fish community in the WRP, non-indigenous fishes 

constituted only a minor component. Blocking access of non-indigenous fishes to the 

WRP may have limited invasions, although it did not entirely prevent them. Among 

assemblages of species with similar ecologies such as native centrarchids and non

indigenous cichlids, negative interactions between native and non-indigenous fishes may 

be occurring in the restored wetland. Continued monitoring of fish communities on the 

Big Cypress Seminole Indian Reservation is recommended to further evaluate the success 

of restoration activities and investigate the impacts of non-indigenous fishes. 
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-Chapter Two-

Survival of Non-indigenous Cichlids and Native Centrarchids 
During Winter Cold Fronts in Southern Florida 

INTRODUCTION 

Temperature is perhaps the most important abiotic factor limiting establishment 

and expansion of non-indigenous fishes in shallow wetlands in Florida (Shafland and 

Pestrak 1982, Trexler et al. 2000). Nearly all introduced fish species in South Florida are 

derived from tropical or subtropical origins (Shafland and Pestrak 1982, Loftus and 

Kushlan 1987, Faunce and Lorenz 1999, Loftus 2000a). Therefore, non-indigenous 

fishes in shallow habitats, such as wet prairies or marshes are susceptible to significant 

stress from cold water temperatures that may occur during winter cold fronts (Trexler et 

al. 2000). Water temperatures in shallow marshes of the region can reach low 

temperatures of 6 - 7°C during hard freezes (Loftus and Kushlan 1987). By contrast, all 

native freshwater fish species in South Florida are of temperate origin, and are better 

adapted to the variable climate (Loftus and Kushlan 1987, Frederick and Loftus 1993). 

Deep canals act as thermal refuges for non-indigenous species that may otherwise be 

adversely affected by cold-temperature stresses (Shafland and Pestrak 1982, Loftus and 

Kushlan 1987, Trexler et al. 2000). In this study, I tested differential survival of native 

and non-indigenous fishes in habitats of varying water depths on the Big Cypress 

Seminole Indian Reservation during two winter cold fronts. 
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The specific objective was to compare the survival of the most abundant non

indigenous cichlid, Cichlasoma bimaculatum, and the most abundant native centrarchid, 

Lepomis marginatus, under field-temperature conditions experienced during winter cold 

fronts. Survival of these fishes was tested in three habitats differing in water depth: a 

shallow wet prairie; an intermediate depth cypress swamp; and a deep canal. I 

hypothesized that C. bimaculatum would experience greater mortality than L. marginatus 

along the water depth-gradient, with greatest mortality occurring in the shallow wet 

prairie, less in the cypress swamp sites, and no difference in the thermal refuge of the 

deep canal site. 
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MATERIALS AND METHODS 

Collection of field data 

During the second dry season of this study, I conducted field tests to assess the 

survival of C. bimaculatum and L. marginatus across three habitats in the WRP during 

two winter cold fronts. Sample sites were selected in three distinct habitats with 

increasing water depths: wet prairies from 3.3 to 15.5 em; cypress swamps from 14.9 to 

43.6 em; and canal sites ranging from 51.0 to 71 .1 em. Six 1-m2 mesh enclosures, 1-m 

deep, were installed at each site. I placed the enclosures flat along the bottom of the wet 

prairie and swamp sites, while canal enclosures were secured along the canal banks. A 

continuously recording YSI and a thermograph at each of the three sample sites collected 

data on water temperature and dissolved oxygen at the bottom of the water column where 

the lowest dissolved oxygen concentrations would be recorded. I performed an 

experiment during each cold front, both in January 2003 . Individuals of C. bimaculatum 

andL. marginatus were randomly selected from populations maintained in the laboratory, 

and their standard lengths were measured before being placed within their respective field 

enclosures. To remove potential interactive effects with neighboring fish, each enclosure 

held one fish, so that three fish of each species were placed at each sample site. Within 

their enclosures, fishes were free to utilize the entire water column and were not 

restricted to low dissolved-oxygen concentrations at the bottom. Enclosures were 
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checked periodically after the onset of the cold fronts to determine whether test fishes had 

survived. 

Data Analysis 

I pooled data on survival of C. bimaculatum and L. marginatus during both trials 

for analysis. Survival of each species in the wet prairie, cypress swamp, and canal sites 

were compared using single factor analyses of variance (ANOVAs). Once significance 

was determined, mean survivals and standard errors for each species were tabulated. 
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RESULTS 

The duration of the first cold front was eight days from January 14 through 22, 

2003. At the wet-prairie site, one of the three C. bimaculatum individuals died when 

water temperatures dropped below 1 0°C on the third day of the trial. The remaining two 

died on the fourth day of the trial when water temperatures dropped below 8°C (Figure 

1a). In the cypress swamp, one C. bimaculatum individual died when water temperatures 

dropped below 1 0°C between January 19 and 21 (Figure 1 b). All L. marginatus 

individuals survived the cold front in both the wet prairie (Figure 1a) and the cypress 

swamp (Figure lb). In the canal , where water temperatures did not drop below l4°C, all 

fishes ofboth species survived (Figure 1c). Because the enclosures were placed along 

the canal banks, the fishes were not subjected to the low dissolved-oxygen concentrations 

at the bottom ofthe canal. 

The second cold front lasted four days from January 22 through 26, 2003. In the 

wet-prairie site, mortality of all C. bimaculatum individuals occurred by January 24 when 

water temperatures ranged between 9 and l2°C (Figure 2a). In the cypress swamp, 

morality of all C. bimaculatum individuals occurred by January 25 when water 

temperatures fell below 1 0°C (Figure 2b ). As before, all L. marginatus individuals 

survived in the wet prairie and cypress swamp sites. In addition, all C. bimaculatum and 

L. marginatus survived in the canal site, where water temperatures did not fall below 

13°C (Figure 2c ). 
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Figure 1. Results of the field experiment for cold temperature survival of native Lepomis marginatus 
and non-indigenous Cichlasoma bimaculatum - TRIAL 1 
Mean bottom dissolved oxygen concentrations were 7.1 mgr1

, 1.37 mgr1 and 0.31 mgr1 for the wet 
prairie, cypress swamp and canal, respectively. 
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Figure 2. Results of the field experiment for cold temperature survival of native Lepomis marginatus 
and non-indigenous Cichlasoma bimaculatum -TRIAL 2 
Mean bottom dissolved oxygen concentrations were 7.43 mgr1

, 1.35 mgr1 and 0.30 mgr1 for the wet 
prairie, cypress swamp and canal, respectively. 
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Analysis of Variance (ANOVA) of pooled data from the two trials indicated 

significant differences in survival of C. bimaculatum and L. marginatus in the wet prairie 

and cypress swamp, but there was no difference in survival in the canal site. 

Table 1. Mean survival of C bimaculatum and L marginatus individuals per enclosure. 

Species 
C. bimaculatum 
L. marginatus 

P-value 

Wet Prairie 
0.0 ± 0.0 

1.0 ± 0.0 

*P < 0.001 
* Significant at the indicated P-value. 
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Cypress Swamp 
0.33 ± 0.16 

1.0 ± 0.0 

*P < 0.05 

Canal 
1.0 ± 0.0 

1.0 ± 0.0 



DISCUSSION 

Cold temperature-induced mortality has been regarded as a potential limiting 

factor for northern range expansions of non-indigenous fishes in Florida (Hoyer and 

Canfield 1994). In southern Florida, most non-indigenous species are of tropical origin 

and are not adapted to the cold temperatures experienced during severe winter cold fronts 

in shallow water (Loftus and Kushlan 1987). In natural wetland habitats in South 

Florida, this provides a natural limitation for many non-indigenous species. However, 

non-indigenous species in Florida are most abundant in canals which provide thermal 

refuge (Trexler et al. 2000). In addition, canals provide an efficient means for dispersal 

to new areas (Courtenay 1974). Thus, temperature may be less limiting to tropical non

indigenous fishes than previously recognized if thermal refuges are available (Shafland 

and Pestrak 1982). 

During the first experimental run, mortality of C. bimaculatum was consistent 

between the wet prairie and cypress swamp when water temperatures dropped below 

w·c (Figures 1 a and 1 b). C. bimaculatum survived longer in the cypress swamp during 

both trials than in the wet prairie because the deeper water resulted in a slower drop in 

temperature compared to the wet prairie. However, all individuals died during the 

second trial in the cypress swamp because it was not deep enough to provide a thermal 

refuge. 
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Individuals of L. marginatus were able to survive extended periods of low

temperature exposure throughout all water depths, which I expected because all southern 

Florida native fishes are temperate species that tolerate colder temperatures. Hypoxia 

was not determined to be a lethal factor. Ifhypoxia was the cause offish mortality 

during the field test, L. marginatus should have been more affected than C. bimaculatum 

because tropical non-indigenous species are better adapted to survive in low oxygen 

conditions (Chapman et al. 1995, Rosenberger and Chapman 2000). All L. marg inatus 

individuals survived in all habitats during both trials. Therefore, it is unlikely that 

hypoxia ever contributed to C. bimaculatum mortality. 

My results supported the hypothesis that non-indigenous C. bimaculatum suffers 

greater mortality in the colder shaJlow wetland habitats while surviving in the thermal 

refuge of the deep canal. In the wet prairies and cypress swamps, survival between C. 

bimaculatum and L. marginatus was significantly different. In South Florida, water 

temperatures often drop below 7 OC in shallow wetlands during winter cold fronts (Loftus 

and Kushlan 1987). In shallow wetlands that are restricted from deep refugia, periods of 

cold temperature have the potential to control development of non-indigenous fish 

assemblages. However, this effect may become less pronounced the longer a non

indigenous species is established. For instance, Courtenay et al. (1974) discussed how 

periods of cold weather may produce, via natural selection, cold-resistant populations of 

C. batrachus in South Florida. Regardless, as long as non-indigenous species have 

access to refugia, such as canals, their populations are unlikely to be substantially 

reduced by periods of annual cold temperatures in southern Florida. 
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CONCLUSION 

The results of the field cold temperature experiments suggest that non-indigenous 

species are more adversely affected by natural cold temperature stresses in shallow water 

habitats than native species. Deeper water found in canals provide thermal refuge for 

non-indigenous fishes, thus allowing them to survive during cold fronts . Further study of 

cold-temperature-induced mortality in limiting the spread and abundance of non

indigenous fishes in Florida is needed. 
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-Chapter Three-

Management Implications for the Big Cypress Critical Project 

As part of the Comprehensive Everglades Restoration Plan (CERP), the Seminole 

Tribe of Florida is undertaking a designated critical project known as the Seminole Water 

Conservation Plan (U.S. Army Corps. of Engineers 1999). This project will result in the 

construction of numerous wetland impoundments on the Big Cypress Seminole Indian 

Reservation located in the Big Cypress Swamp ecosystem of southwest Florida. These 

impoundments include Water-Resource Areas (WRAs), Stormwater Attenuation Cells 

(STAs) and Irrigation Cells (!-cells) (Figure 1). Water-resource areas are shallow 

wetland impoundments with long hydroperiods that are designed for water-quality 

improvement and groundwater recharge. Stormwater attenuation cells are episodically 

flooded wetland impoundments constructed to reduce flooding of the Seminole 

residential community and agricultural areas. I-cells are deep wetland impoundments 

with long hydroperiods designated for water storage. 

The Water Conservation Plan will divert water through a series of canals on the 

east side of the Reservation to the constructed wetland impoundments on the west side 

(Figure 1). Water-resource areas will be located directly to the north of the West Feeder 

canal. Water that is diverted from the east side of the Reservation will flow through the 

WRAs where pollutants in the water will be reduced by the merobiotic and biotic 

components of the system. The filtered water will then be directed beneath the West 

Feeder canal to re-establish sheet flow in the natural forested wetlands located in the 
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Figure I. Draft map of Critical Project wetland impoundments on the BCSIR. 

Water 
Source 
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southwestern portion of the Reservation. This area of the Reservation borders the Big 

Cypress National Preserve, thus the re-established sheet flow will benefit wetlands in 

both these areas, and eventually will flow into Water Conservation Area 3A and 

Everglades National Park (Figure 2). 

In addition, Wetland Reserve Program (WRP) wetlands will also be constructed 

to restore native flora and fauna. Future WRPs will be rewatered utilizing pumping 

techniques consistent with those implemented in the James Billie WRP. Results of my 

study suggested that the pump net was an effective, although not complete, mechanism in 

limiting non-indigenous fish species introductions into the WRP. Colonization of the 
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Big Cyprus National Preserve 

10 :!) Kilometers 

Figure 2. Location of the Big Cypress Seminole Indian Reservation in South Florida in relation to Big 
Cypress National Preserve (BCNP), the Water Conservation Areas (WCAs) and Everglades National 
Park(ENP). 

non-indigenous H. littorale into the James Billie WRP may have occurred when attempts 

to block access were compromised for a brief period during the first wet season, and/or 

early life stages may have survived the pump impeller to pass through the 3-mm mesh 

net. Also, fish may have "walked" overland into the WRP as could occur with both 

Clarias batrachus and hoplosternum littorale. However, blocking access from canals 

into the new WRPs is important to maintain the goal of restoring native fauna by helping 

to reduce the number of non-indigenous fishes entering. Once a non-indigenous fish 

species is established in a certain area, it is very difficult, if not impossible to eradicate. 

This is especially true if habitats containing the non-indigenous species are not isolated. 

A primary emphasis for reducing populations of non-indigenous fish species should be on 

prevention. Therefore, as a supplement to the Seminole Water Conservation Plan, it is 
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recommended that managers implement methods to block access of non-indigenous 

fishes into Critical Project wetlands. 

Shallow WRAs will comprise the majority of the wetland area created through the 

Water Conservation Plan (Figure 1 ). Hydrology in these impoundments will be 

artificially controlled as canal water from the east side of the Reservation is input for 

water-quality improvement. To exclude non-indigenous fishes from critical project 

wetlands, control measures must be implemented before the WRAs become functional. 

Deep water irrigation cells and the West Feeder canal will surround the WRA 

impoundments. In addition, artificial borrow ponds may be excavated during 

construction ofthe impoundments. The number, depth and area of these excavations will 

be much greater than ponds that occur within natural wetlands. Therefore, these areas 

have the potential to favor large-bodied, non-indigenous fishes . Borrow ponds in the 

WRAs and WRPs should be filled in such that they are deep enough to provide dry 

season refugia but are too shallow to provide thermal refuge to non-indigenous fishes 

during winter cold fronts. Native fishes are capable of surviving low temperatures in 

shallow environments. However, if non-indigenous fishes are present in the WRAs, they 

are likely to be killed by cold temperature stress if access to deep water refugia is denied. 

During the field experiments for cold temperature survival of native and non-indigenous 

fishes, non-indigenous black acara, Cichlasoma bimaculatum, died in the cypress swamp 

ranging in water depth from 14.9 to 43 .6 em. Therefore, filling in borrow ponds so they 

maintain a water depth of approximately 40 em is recommended to al1ow for cold 

temperature induced mortality of non-indigenous fishes in the WRAs and WRPs during 

winter cold fronts . 
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Prior to the WRAs receiving water from the canals, borrow ponds and !-cells 

should be extensively sampled to identify fish species that colonize during construction. 

If non-indigenous fishes are present, these excavations should be treated with rotenone to 

kill all fishes. These habitats should then be re-stocked with native fish species, thus 

providing food sources for wading birds and other predators in these wetlands. Further, 

this would allow for the development of more stable native populations in these wetlands 

to resist invasions from intruders such as Clarias batrachus and Hoplosternum littorale if 

these or other non-indigenous species managed to invade the WRAs. As with WRPs, 

pumps containing impellers should be used to pump canal water into the impoundments 

because these limit survival of fishes passing through them, and screens should be 

installed over the pump outflows to further block non-indigenous species introductions. 

By controlling non-indigenous fishes in the WRAs, their introductions to the natural 

wetlands south of the West Feeder canal, and further, into the Big Cypress National 

Preserve, will be minimized as sheetflow to these areas is re-established. In summary, 

the following measures are recommended to limit non-indigenous fish introductions: 

• Pump impellers 

• Screens over pump outflows 

• Shallow pools within restored sites 

Continued monitoring of fish communities within WRP and critical project 

wetland impoundments is recommended to document the dispersal and population 

dynamics of non-indigenous fishes . This information would be useful to restoration 

managers and will allow for an opportunity to evaluate whether CERP' s goal of reducing 

invasions of non-indigenous species is achieved. 
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APPENDIX 1: Common plant species occurring within study habitats on the BCSIR. 

WRP WRP REF REF 
Cypress SwamEs Wet Prairies Cypress SwamEs Wet Prairies 

Aristida stricta 
Asclepias spp. X X 

Aster sp. X 
Bacopaspp. X X 
Blecnum sp. X X 
Centilla spp. X 

Chara sp. 
Cladium jamaicense X 
Crinum americanum X 

Cyperus sp. X X 
Eleocharis sp. X 

Eupatorium capillifolium X 
Fraximts caroliniana X X 

Hydrocotyle spp. X X X 
Leersia sp. X X 
Lemna sp. X X 

Ludwigia spp. X X 
Nymphaea odorata X 

Panicum spp. X X X 
Parthenosysis quinquifolia X X 

Paspallum spp. X X 
Periphyton X 

Pistia stratiotes X 
Polygonum spp. X 

Pontederia cordata X 
Saba/ palmetto X X 
Sagittaria spp. X X 

Salix spp. X X X 
Saururus cernuus X 

Schinus terebinthifolius X X 
Smilax sp. X X 

Taxodium distichum X X 
Thalia geniculata X X X 

Urina labata X X 
Utricularia SEE· X X 
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APPENDIX #2: Capture specifics for fish species collected on the BCSlR. 

Sizes {;ollected (em) Successful Ca~ture Methods 
Minnow Throw Gill Electro- Pump 

Species Min Mean Max TraE Seine TraE Net shocker Net 
LEPISOSTEIDAE 
Lepisosteus platyrhincus 10.2 30.5 42.0 X X X 
CYPRINIDAE 
Notemigonus crysoleucas 6.5 9.3 11.5 X X 
CA TOSTOMIDAE 
Erimyzon sucetta 8.3 19.9 36.5 X 
ICTALURIDAE 
Ameiurus nata/is 3.7 7.8 11.8 X X 
Ameiurus nebulosus 1.8 13 .6 25.4 X X X 
CLARIIDAE 
A C/arias batrachus 2.2 15.5 25.4 X X X 
CALLICTHYIDAE 
&Hoplosterum littorale 4.6 9.4 19.3 X X X X 
CYPRINOOONTIDAE 
Jordane/la jloridae 0.6 2.2 5.0 X X X X X X 
FUNDULIDAE 
Fundulus chrysotus 1.1 3.2 6.0 X X X X X 
Fundulus conjluenh1s 1.4 4.2 6.3 X X X 
Lucania goodie 1.0 2.4 3.8 X X X X 
POECILIIDAE 
&Belonesox belizanus 5.2 7.1 11.0 X X 
Gambusia holbrooki 0.4 2.3 4.6 X X X X X 
Heterandria formosa 0.5 1.7 3.6 X X X X X 
Poecilia latipinna 0.5 2.8 7.5 X X X X X X 
ATHERINIDAE 
Labidesthes sicculus 2.3 5.5 8.2 X X 
ELASSOMA TIDAE 
Elassoma evergladei 1.8 2.0 2.3 X 
CENTRARCHIDAE 
Enneacanthus gloriosus 1.7 2.3 2.9 X X 
Lepomis gulosus 1.3 5.1 16.0 X X X X X X 
Lepomis macrochirus 1.3 4.2 10.2 X X X X 
Lepomis marginatus 1.2 3.4 7.3 X X X X X 
Lepomis microlophus 3.5 7.5 10.6 X X X X 
Lepomis punctatus 4.2 8.6 11.9 X X X X 
MicroptenLr salmoides 2.2 9.8 27.0 X X X 
PERCIDAE 
Etheostoma fusiforme 3.5 4.1 4.5 X X X 
CICHLIDAE 
&Astronotus oce/lams 8.5 11 .9 18.0 X 
&Cichlasoma bimaculatum 0.8 4.1 12.2 X X X X X X 
A Cichlaroma urophthalmus 1.2 4.5 15.4 X X X X X 
& Oreochromis aureus 1.4 9.8 30.5 X X X X X 
& Ti/apia mariae 2.5 6.3 9.4 X X X X X X 
A Non-indigenous species 
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APPENDIX #3: Life histories of fish species collected on BCSIR. 

Primary Fecundity Growth Rate/ Maximurr 
Species SEawnin~ Season Female/SEawn Sexual Maturation Lon~evi~ 
LEPISOSTEIDAE 
Lepisosteus platyrhincus December-June l .l 10,000 eggs 3 Sex. mature-2-4 years ' 18 years • 

CYPRINIDAE 
Notemigonus crysoleucas May - September 2 10,000 eggs ' Sex. mature-! year' 8-10 years · 

CATOSTOMIDAE 
Erimyzon sucetta April -June 1 2,000-20,000 eggs 3 50 mm I year 3 8 years 3 

ICT ALURIDAE 
Ameiums nata/is March- May 3 300-10,000 eggs d 180 mm in first year 3 6-7 years 

Sex. mature-3 years 3 

Ameiums nebulosus March- June 3 13 ,000 eggs 3 Sex. mature-3 years 3 8 years 3 

CLARIIDAE 
• Clarias batrachus April - June 4 N/A 130 mm I in I st 6 months 4 N/A 

CALLICTHYIDAE 
• Hoplostemm littorale Peak rainy season 8 6,000-9,000 eggs 8 45 gin first 45 days 8 4 years 8 

Mean: 20,000 eggs/nest Sex. mature- I year 
CYPRINODONTIDAE 
Jordanel/a jloridae Spring b N/A N/A 2-4 years b 

FUNDUUDAE 
Fundulus chrysohJ.s May -July 3 70-140 eggs 3 N/A N/A 

Fundulus conjluentus February- September 6 N/A N/A I year b 

Lucania goodie January- September 1 N/A N/A 1-2 years b 

POECIILIDAE 
• Belonesox belizanus May-June ' Mean: 100 young ' Sex. mature-6 months ' 2-3 years ' 

Gambusia holbrooki May - September 1 Mean: 86 young b .55 rnrnlday b 1-2 years 3 

Fully grown in 2 months 
Heterandria formosa March - September 3 l-8 young 3 N/A l-2 years 3 

Poecilia latipinna May- September 6 - 36 young 1 ~ Sex. mature-4 months 1 ~ l -3 years 15 

ATHERINIDAE 
Labidesthes sicc.'Ulus March- September 1

'
3 450-785 eggs 16 II 0 mm in first year 3 2 years 3 

Sex. mature-! year 3 

ELASSOMA TIDAE 
Elassoma evergladei February- Jw1e 3 25-30 eggs 1 Sex. mature-! year 3 3 years 3 

CENTRARCHIDAE 
Enneacanthus gloriosus April - October 3 Mean: 117.2 eggs 7 Sex. mature-51 nun 7 5 years ' 

Lepomis gulosus April- October 1 50,000 eggs 3 40 rnrnlyear 7 years 3 

Sex. mature-2 years 3 

Lepomis macrochims February - October 1 40,000 eggs 3 50 mm in first year 5 year 3 

40 mm/year thereafter 3 

Lepomis marginahts April- September 1
'
3 N/A N/A N/A 

Lepomis microlophus February- October 1 12 0-4000 eggs 1 0 Sex. mature-2 years 9 5 years ' 
Lepomis punctahts March -November 3 N/A 50 nun in fiiSt year 4-5 years 3 

Sex. mature-2 years 3 

MicroptentS salmoides January- June 1
•
3 Up to 100,000 eggs 3 !50 mm in first year 3 10 years 3 

Sex. mature-2-3 years 3 

PERCIDAE 
Etheostoma fusiforme February- April 1 N/A Mean: 12.5rnrnlmonth 3 l year 3 

CICHLIDAE 
• Astronotus ocellahiS J une-Octolx."T 11 1000-2000 eggs f N/A l 0-20 years 1 

• Cich/asoma himaculatum March -November 11 700 eggs r N/A 10-20 years 1 

• Cichlasoma urophthalmus April-May 11 Up to 7,000 eggs ' Mean: 45.5 rnrnlyear ' 7 years ' 

• Oreochromis au reus Throughout the Year 11 160-462 eggs r N/A 6 years r 

• Tilaf!_ia mariae Throughout the Year 11 2000 eggs r Sex. mature - 90 mrn r N/A 

• Non-indigenous species N/A- Information Not Available 

SOURCES: 1 Hoyer and Canfield 1994, 2 Tomelleri and Eberle 1990, 3 Laerm and Freeman 1986, 4 Courtenay et a!. 
1974, ~Faunce and Lorenz 2000, 6 Harrington 1959, 7 Snyder et al. 1999, 8 Hostache and Mol 1998, 9 

Moyle 1976, 10 Smitherman and Hester 1962, II Goldstein 1973, a http://www.afs-soc.org/Fishdb/Fish_list.php 

b http://www.Fioridafishes.com, c http://srac.tamu.edu, d http:lhNww.dnr.state.oh.us/wildlife/fishing/aquatics-fishidlbullhead.htm, 
c http://www.utledu/fish/default.htm, f http://www.gsmfc.org/nis/default.htm 
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APPENDIX #4: Trophic positions of fish species collected on BCSIR 

Trophic 
Species Prey Position 
LEPISOSTEIDAE 
Lepisosteus platyrhincus Y oW1g- Aquatic insects; Adults - fish 2

•
5 

Omnivore 
CYPRINIDAE 
Notemigonus crysoleucaf YoW1g- Plank-ton, algae; Adults- Aquatic insects 2

,5 Omnivore 
CA TOSTOMIDAE 
Erimyzon sucetta Algae, copepods, cladocerans, ostrocods, chironomids 1

•
5 

Omnivore 
ICT ALURIDAE 
Ameiurus nata/is Aquatic plants, insects, mollusks, fish eggs, fish 1

•
3
•
5 

Omnivore 
Ameiurus nebulosus Algae, vascular plants, aquatic insects, crustaceans, ljsh 3 

Omnivore 
CLARIIDAE 
A Clarias batrachu.s Aquatic plants, aquatic insects, small fishes 4

•
5 

Omnivore 
CALLICTHYIDAE 
A Hoplosterum littorale Benthic invertebrates, detritus Omnivore 
CYPRINOOONTIDAE 
Jordanel/a jloridae Submerged plants, aquatic invertebrates 1

•
5 

Omnivore 
FUNDULIDAE 
Fundulus chrysotus Insects and crustaceans at the water surface 1.3.5 Carnivore 
Fundulus conjluentus Aquatic insects and crustaceans 5 

Carnivore 
Lucania goodie Periphtyon, vascular plants, small invertebrates 5 

Omnivore 
POECILIIDAE 
A Belonesox belizanus Decapods, small fish 5 

Piscivore 
Gambusia holbrooki Algae, zooplankton, small crustaceans, aquatic insects l.l Omnivore 
Heterandria formosa Zooplankton, algae, aquatic insects, small crustaceans I.J.5 Omnivore 
Poecilia lalipinna Algae, vascular plants, detritus, mosquito larvae 1 

Omnivore 
A THERlNIDAE 
Labidesthes sicculus Cladocerans, midges, small fl ying insects, small fish I,J,l Carnivore 
ELASSOMA TIDAE 
Elassoma evergladei Algae, vascular plants, copepods and cladocerans u Omnivore 
CENTRARCHIDAE 
Enneacanthus gloriosus Small crustaceans and aquatic insect larvae and pupae 1 

Carnivore 
Lepomis gulosus Aquatic insects, crayfish and small fish 1 

Carnivore 
Lepomis macrochirus Algae, vascular plants, zooplank-ton, invertebrates, tish 5 

Omnivore 
Lepomis marginatus Aquatic insects 1

, crustaceans, mollusks 3
, small fish 5 

Carnivore 
Lepomis microlophus Algae, vascular plants, aquatic insects, snails 1

, fish 5 
Omnivore 

Lepomis puncta/us Vascular plants, aquatic insects, crustaceans, 3 fish Omnivore 
Micropterus salmoides Vascular plants, crustaceans, tadpoles, fish 1

•
3
•
5 

Omnivore 
PERCIDAE 
Etheostoma fusiforme Algae, aquatic insects and crustaceans 1.

5 
Carnivore 

CICHLIDAE 
A A.stronotus ace/latus Aquatic invertebrates and small fishes 5 

Carnivore 
A Cichlasoma bimaculatum Algae, Vasuclar plants, worms, bivalves, fish 5 

Carnivore 
A Ctchlasoma urophthalmus Algae, snails small fishes 5 

Omnivore 
A Oreochromis aureus Algae, periphyton, detritus, some vascular plants 1 

Herbivore 
A Tilapia mariae Periphyton and phytoplankton 5 

Herbivore 
A Non-indigenous species 

SOURCES: 1 Hoyer and Canfield 1994, 2 Tomelleri and Eberle 1990, 3 Laerm and Freeman 1986, 
4 Courtenay et al. 1974, 5 Loftus 2000b 
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APPENDIX #5: Specialized behaviors/characteristics of fish species collected on BCSIR. 

Species 
LEPISOSTEIDAE 
Lepisosteus platyrhincus 
CYPRINIDAE 
Notemigonus crysoleucas ' 
CATOSTOMIDAE 
Erimyzon sucetta 
lCT ALURJDAE 
Ameiums nata/is 
Ameiurus nebu/osus 
CLARllDAE 
.A C/arias batrachus 

CALLICTHYIDAE 
.& Hoplosterum littorale 

CYPRINODONTIDAE 
Jordane//a jloridae 
FUNDULIDAE 
Fundulus chrysotus 

Fundulus con.fluentus 
Lucania goodie 
POECILllDAE 
.& Belonesox belizanus 
Gambusia holbrooki 
Heterandria formosa 
Poecilia /atipinna 
A THERINIDAE 
Labidesthes sicculus 
ELASSOMA TIDAE 
Elassoma evergladei 
CENTRARCHIDAE 
Enneacanthus gloriosus 
Lepomis gu/osus 
Lepomis macrochirus 
Lepomis marginatus 
Lepomis microlophus 
Lepomis punctatus 
Micropterus salmoides 
PERCIDAE 
Etheostoma fosiforme 
ClCHLlDAE 
.&Astronotus oce//atus 
.& Cichlasoma bimaculatum 
.A Cich/asoma urophtha/mus 
.& Oreochromis aureus 

.& Tilapia mariae 

.A Non-indigenous species 

Specialized Behavior 

Exhibit polyandry; Eggs are adhesive and laid over vegetation; No parental care 3 

Spawn over dense vegetation; May use active nests of largemouth bass as egg repositories 1
•
2 

Females lay non-adhesive eggs around vegetation 3 

Males usually build and guard nests I; Young remain with parent until they are ~2 . 5 em 3 

May spawn twice a year, Both parents build nests over submerged plants; Parental care 3 

Can withstand desiccation and migrate to other areas ovt:r land during rainy periods; Voracious 
opportunistic feeders; Parental Care 4 

Can breathe air, tolerates a wide range of environmental conditions, Migrates short distances on 
land; Males build floating bubble nests to protect eggs: males spawn with multiple females ; females 
may spawn up to 14 times per season 5 

Males provide parental care 1 

Females release single eggs that are ex1emally fertilized by courting males; repeated 10-20 
times/day for one week 3 

Eggs remain viable in dry substrates for severul months 6 

Eggs are laid in thick vegetation; No parental care 1 

Voracious feeding habits, Livebearing females with large broods 11 

Internal fertilization; livebearing females, 1
•
3 

Internal fertilization; livebearing females, Superfetation I.J 

Internal fertililzation; li vebearing females 1 

Spawn in schools around vegetation 3
; Floating eggs adhere to objects they touch 1 

Spawns in aquatic vegetation 1
; Spawning may occur multiple times during the breeding season 3 

Habitat generalist, but intolerant of low pH environments 8 

Nests are built near submerged organic material in sha llow water 1
; Male parental care 3 

Pairs nest in colonies; Males build and guard nests in shallow water I.J 

Solitary nester in shallow water; male guards nests 11 

Pairs nest in colonies; Males fan nests in shallow water 1 

Males build and guard nests 3 

Males build and guard nests 1
; Females may spawn with several males on difl'erent nests 3 

Females lay single eggs on vegetation 3 

Substrate spawner with biparental care 10 

Very territorial and aggressive; Exhibit biparental care 8 

Exhibit parental care 9 

Habitat generalists; Pairs nest in colonies; Males build and guard spawning sites; Females incubate 
eggs and rear fry in their mouths; Multifole spawnings in one season 1 

Substrate spawner with biparental care 0 

SOURCES: 1 Hoyer and Canfield 1994, 2 Tomelleri and Eberle 1990, 3 Laenn and Freeman 1986, 
4 Courtenay et al. 1974, ~ Hostache and Mol 1998, 6 Harrington 1959, 7 Bonnevier et al. 2003, 
8 Snyder and Peterson 1999, 9 Faunce and Lorenz 2000, 10 Goldstein 1973, 11 Loftus, personal 
communication 
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APPENDIX #6: Notes on Non-indigenous species collected on BCSIR. 

Species 
CLARJIDAE 
Clarias batrachus 

CALLICTHYIDAE 
Hoplosterum littorale 

POECILIIDAE 
Be/onesox belizanus 

CICHLIDAE 
Astronotus oce//atus 

Cichlasoma bimacu/atum 
Cich/asoma urophtha/mus 

Purpose of Introduction 

Escaped from fish farm west of Deerfield 
Beach ( 1960s) 1 

Unknown 2 

Released after termination of a research 
project; Established in Dade County (1957) 1 

Deliberately released from an ornamental fish 
farm in Dade County (1950s) 1 

Escaped from ornamental fish farms 6 

Unknown s 

Oreochromis aureus Brought in for aquatic weed control 
experiments ( 1961 ); transferred by fisherman 

to other areas 1 

Ti/apia mariae Introduced by aquarium hobbyists (1974) 6 

N/A- Information Not Available 

Origin 

Southeast Asia from eastern 
India to Vietnam 1 

Swamps in tropical South 
America, Trinidad, Surinam 3 

Mexico, Guatemala, Belize, 
Honduras, Nicaragua 1 

Amazon river basin 6 

Brazil, Guianas, Trinidad 6 

Northern Yucatan peninsula, 
Guatemala, Belize, Honduras, 

Nicaragua 5 

Senegal, middle Niger River, 
Chad, lower Nile, Jordan 

River systems 6 

West coast of Africa 6 

Lower Lethal 
Temperature6 

9.8 ·c 4 

N/A 

9.7 ·c 4 

12.9 ·c 4 

8.6 ·c 4 

15.0 ·c s 

6.2 ·c 4 

11.3 ·c 4 

Sources: 'Courtenay et al. 1974, 2 Nico 1996, 3 Hostache and Mol 1998, 4 Shafland and Pestrak 1982 
~ Faunce and Lorenz 2000, 6 Goldstein 1973 
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APPENDIX #7: Mammals, birds, reptiles and amphibians observed in study habitats on BCSIR 

WRP REF 
Wet Cypress Wet Cypress 

Species Prairies SwamEs Prairies SwamEs 
MAMMALS 
*Dasypus nouvemicintlls Armadillo + + 
Felis concolor (tracks) Florida panther + 
Lutra Canadensis River otter + + + 
Lynx rofos Bobcat + + 
Odocoileus virginianus White-tailed deer + + 
Procyon lotor Racoon + + + 
Ursus americm1us (tracks) Black bear + 
BIRDS 
Buteo linea/us Red-shouldered hawk + + + 
Circus cyaneus Northern harrier + 
Cathartes aura Turkey vulture + + + + 
Ardeaalba Great egret + + 
Egrella /hula Snowy egret + + 
Plegadis fa/cine/Ius Glossy ibis + 
Eudocimus a/bus White ibis + + 
Egrella caerolea Little Blue heron + + + 
Agelaius phoeniceus Red-winged blackbird + + 
Turdus migratorius Arneri can robin + + + + 
Ceryle alcyon Belted kingfisher + + + + 
Anhinga anhinga Anhinga + 
Mycteris Americana Wood stork + 
Dryocopus pileatus Pileated woodpecker + 
Melanerpes carolinus Red-bellied woodpecker + + + 
Colaptes auratlls Northern flicker + + 
Ardea herodius Great Blue Heron + + 
Butoroide.~ virescens Green Heron + + 
Nycticorax nycticorax Black-crowned night heron + 
Egret/a tricolor Tri-colored heron + + 
Botauros lentiginosus American bittern + 
Charadrius vociferous Killdeer + 
Taclrycineta bicolor Tree swallow + + 
Elanoides forficatus Swallow-tailed kite + + + + 
Caracara cheriway Crested cara cara + 
Strixvaria Barred owl + + 
ALLIGATORS 
Alligator mississippiensis American alligator + + + 
TURTLES 
Apalone ferox Florida softshell + 
Pseudemys jloridiana Florida cooter + + 
SNAKES 
Agkistrodon piscivorous Eastern cottonmouth + 
Coluber constrictor priapus Northern black racer + 
Nerodia fasciata pictiventris Florida water snake + 
Seminatrix pygaea cyclas Black swamp snake + 
Thamnophis sauritus sackenii Ribbon snake + 
Thamnophis sirtalis Eastern garter snake + 
SIRENS 
Siren facer/ian Greater siren + + 
AMPHIUMAS 
Amphiuma means Two-toes amphiuma + + 
NEWTS 
Notophthalmus viridescens Peninsula newt + + 
TOADS & FROGS 
Gastrophryne carolinensis Narrowmouth toad + 
Hyla cinerea Green treefron + + + 
Ranagrylio Pig frog + + + 
Rana utricularia Southern leopard frog + + 
CRAYFISH 
Procambaros alieni Everglades crawfish + + + + 
Procamban1s fallax Slough crawfish + 
SHRIMP 

Palaemonetes pa/udosus Riverine grass shrimp + + + + 
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