Chapter 6: FISH

USE AS INDICATORS

Fish community characteristics have been used to assess relative ecosystem health since the beginning of the 20th century. Within the past 20 years, scientists have developed integrative ecological indices that directly relate fish communities to other biotic and abiotic components of ecosystems. Research and development in this area have focused on streams, although fish communities may also be useful indicators of wetland health. 

Fish are an important food source for wildlife in wetlands and their health and population status is reflected in the wildlife feeding upon them (Hart and Newman 1995). Benefits of using fish as indicators include: the taxonomy of fishes is well established reducing laboratory time by identification of many specimens in the field; the distribution, life histories and tolerances to environmental stresses of most North American fish species are well documented in the literature; and fish are a highly visible component of the aquatic community to the public (Simon 1999). Multiple factors are believed to be responsible for declining populations and extinctions of North American fishes (Williams et al. 1989, Miller et al. 1989), including habitat destruction and modification, introduced species and hybridization, pollution, chemical alteration, overfishing, acidification, and disease. 

Jordan et al. (1998) recommend monitoring small-sized fishes of Florida marshes. Several benefits of using small fish include their short life cycle, their quick response to environmental perturbations, their ability to indicate habitat alteration and ecosystem function, and fish are reliably and effectively quantified (Jordan et al. 1997).

As humans alter watersheds and water bodies, shifts occur in taxa richness, species composition, individual health, and feeding and reproductive relationships of fish (Karr 1997). Key biological features to detect changes in species include: identity and number of species present in standard samples; ecological processes such as nutrient dynamics and energy flow through food webs; and the health of individuals, which influences survival and reproduction. These features provide a comprehensive picture of water resource condition - one that goes beyond the toxicity or extent of chemical pollutants (Karr 1997). 

Schultz et al. (1999) released an index of biotic integrity based on fish and limnological data for Florida lakes. Eight metrics were used: total fish, native fish, Lepomis, piscivores, generalists, insectivores, and intolerant and tolerant species. A total IBI score was calculated for each of sixty lakes. Other data collected for the lakes included: trophic category of lake, surface area, mean depth, total phosphorus, total nitrogen, total chlorophyll, secchi depth, percent volume infested with macrophytes (PVI), and mean adjusted chlorophyll. Anthropogenic impact was estimated by amount of chloride and road density correlated with lake surface area, adjusted total chlorophyll and PVI. The authors state that numerous environmental factors significantly influence the distribution and abundance of fish species and assemblages found in Florida lakes. Lake trophic status and lake surface area had significant and positive influences on the fish-IBI scores. The study concludes that dominant environmental and ecological factors of a watershed should be clearly understood before an IBI approach is used to indicate watershed disturbance and biological integrity. 

Fish are not commonly used as success indicators in wetland restoration; in a comprehensive evaluation of constructed wetlands on phosphate mined lands in Central Florida, Erwin et al. (1997) do not include fish along with other assemblages. Weller (1995) describes the restoration of a South Florida forested wetland in which the natural return of eight fish species occurred, among other groups of flora and fauna. In East Central Florida, an isolated constructed wetland quickly recruited a rich and abundant fish community (Langston and Kent 1997) with fish likely introduced through irrigation or transport on terrestrial or volant fauna. A few differences in fish community assemblages in constructed and unimpacted wetlands are noted by Streever and Crisman (1993) and Streever et al. (1997). The sailfin molly (Poecilia latipinna) was represented in five of seven samples collected from a Pontederia cordata community in a constructed wetland in Central Florida, though no mollies were found in any of seven samples collected from an adjacent Hydrocotyl community.  Lucania goodei were collected in constructed marshes on phosphate mined lands but not in proximate natural marshes. Elassoma evergladei was found in higher percentages in natural marshes than in constructed marshes and never attained the numbers found in natural marshes. Fish species collected in constructed marshes include the mosquitofish (Gambusia holbrooki), Least killifish (Heterandria formosa), Golden topminnow (Fundulus chrysotus), Flagfish (Jordanella floridae), Sailfin molly (Poecilia latipinna), Bluefin killifish (Lucania goodei), Everglades pygmy sunfish (Elassoma evergladei), Fundulus rubifrons and small fish of the Centrarchidae family.

Fish communities in wetlands of Florida and the Southeastern United States are described in several studies. Wharton et al. (1982) describe fish communities in bottomland hardwoods of the southeast and their relationship to specific plant communities. Kushlan (1990) describe fish populations in Florida marshes as depauperate, especially toward the southern end of the peninsula. Marsh species are typically small and minnow-sized such as the live-bearing mosquitofish (Gambusia affinis) and least killifish (Heterandria formosa). Marsh cyprinodonts are typically flagfish (Jordanella floridae), golden topminnow (Fundulus chrysotus), Seminole killifish (F. seminolis), and bluefin killifish (Lucania goodei). Small sunfishes are also abundant such as the pygmy sunfish (Elasoma spp.), bluespotted sunfish (Enneacanthus gloriosus), and dollar sunfish (Lepomis marginatus). Occasionally warmouth (L. gulosus) and redear sunfish (L. microlophus) may be found in fluctuating marshes receiving overland flow. 

The South Florida Water Management District Isolated Wetland Monitoring Program sponsored a bioinventory of freshwater fish in 20 isolated wetlands (Main et al. 1997). Wetland sites included mature cypress stands, marshes, cypress swamps, savanna marshes and one riverine site. Fish were classified into three functional groups: 1) small omnivorous fishes, 2) small predatory fishes, and 3) large predatory and open-water fishes. The study lists seven small omnivorous fishes common in shallow, ephemeral wetlands of which mosquito fish, least killifish and flagfish were most prevalent. Marsh killifish, redfaced topminnow, pygmy killifish and sailfin mollies were also present. Ten small predatory fish were common in wetlands with deep-water refugia including golden and lined topminnows, sunfishes, Seminole and bluefin killifish, and tadpole madtoms. The large predatory and open-water fish were found in semi-permanent wetlands with deep-water refugia, including gar, pickerel, catfish, bluegill, redear sunfish, largemouth bass, golden shiners and brook silversides. Summary tables from the study list common, scientific and family names of the fish, physical descriptions, reproductive biology, feeding biology, distribution in South Florida, capture techniques, and key references. 

Hoyer and Canfield (1994) sampled fish communities and a range of physical-chemical measurements as part of a statewide lake survey. The Handbook of Common Freshwater Fish in Florida Lakes presents descriptions, distribution, biology and biologist comments on each fish species, as well as statistics for lake morphology and limnological measurements from the study. The database is also used by Schulz et al. (1999) to develop and test a fish-IBI for Florida lakes. 

The U.S. Geological Survey released a publication on methods of sampling fish communities as part of the national water quality assessment program (Meador et al. 1993). Methods for sampling wetland fish depend on habitat. Throw traps of heavy aluminum or sheet metal, generally one meter by one meter-square and 0.5 m to 0.75 m tall can be used in thick, dense vegetation (Chick et al. 1992, Jordan 1996). For most other wetland types, a lighter trap made with a copper pipe frame and 1.5-mm mesh to cover the sides can be used to obtain data which corresponds well with the actual density, size structure, and relative abundance of fish populations sampled (Jordan et al. 1997). Lorenz et al. (1997) describe a nine meter square drop net and removable walkways designed to quantify densities of small fishes in wetland habitats with low to moderate vegetation density. Main et al. (1997) used three methods of collecting fish in a bioinventory of freshwater fish in isolated wetlands of South Florida: 1) rectangular, Plexiglas funnel ‘Breder’ traps; 2) seines; and 3) D-frame dip nets with a 1.0 mm mesh size. Funnel traps and dip nets work well in heavily vegetated areas. Seines, needed to catch larger and more evasive fish, are useful in deeper marshes and cypress ponds but tend to have the lead line roll up and over rooted plants and get tangled in submerged twigs and branches. 

Information on deformities, ectoparasites, lesions, and tumors (i.e., DELTs) found on fish are used as indicators of stream health in other regions and may be a component of a multi-metric approach for freshwater wetlands in Florida. 

ENRICHMENT / EUTROPHICATION / REDUCED DISSOLVED OXYGEN

Wetlands used as receptors for treated wastewater likely have elevated nutrient loads affecting resident fish assemblages. The fish community in an isolated, created wetland receiving water from an advanced wastewater treatment facility in Orange County was limited relative to other proximate natural wetlands (Schwartz et al. 1994). Although immigration was limited, fish tended to move out of the forested portion of the treatment wetland to an adjacent marsh where there was more food, oxygen and water. Fish density and biomass in the created wetland approached natural levels by the third year of use. Fish diversity in the jurisdictional and exit wetlands changed little over the three-year study. In general, wetlands supported higher fish populations after receiving reclaimed water above than before discharge began.

Rader and Richardson (1994) found greater fish densities in nutrient enriched areas of the northern Everglades compared with an unenriched area, although percent composition of fish (primarily Gambusia affinis and Heterandria formosa) remained the same. Smith (1992) also reports similar trends stemming from nutrient enrichment in forested wetlands in Central Florida, but documented a shift in the relative composition of the dominant assemblages as the abundance of Heterandria spp. increased relative to Gambusia. In another wetland receiving advanced secondary treated wastewater in Central Florida, fish populations maintained similar characteristics to fish populations in the control (Best 1993). Rader and Richardson (1992) found that fish kills from anaerobiosis occurred with equal frequency in enriched and control sites. 

The Florida lake study by Hoyer and Canfield (1994) identified correspondence between fish species presence and median total nitrogen (TN), total phosphorus (TP) and chlorophyll-a. Typical fish found in lakes with the lowest TP (median value of 6-11 ug/L) were lined topminnow, pygmy killifish, chain pickerel and redfin pickerel. The median value for all 60 lakes was 20 ug/L. Many fish species were found in lakes with TP levels as high as1043 ug/L. Fish typically found in lakes with the lowest TN (median values of 353-522 ug/L) included the lined topminnow, pygmy killifish and redfin pickerel. The median value for all 60 lakes was 694 ug/L. Many fish species were found in lakes with TN levels as high as 3789 ug/L. Typical fish found in lakes with low chlorophyll-a corresponded with fish found in low TN and low TP lakes. The reader is encouraged to use this study as a baseline to identify tolerance ranges of freshwater fish common in Florida wetlands in the development of biotic indicators. 

CONTAMINANT TOXICITY

Stormwater runoff contains heavy metals from roofs, roads, parking areas, service stations and other nonpoint sources. Wetlands and stormwater ponds used to treat stormwater runoff may experience metal bioaccumulation in component organisms. 

In stormwater treatment ponds in Orlando, Campbell (1995) found silver, cadmium, nickel, copper, lead and zinc in red ear sunfish, largemouth bass, and bluegills. The red ear sunfish that dive into sediments in search of food contained significantly higher metal concentrations other fish. The largemouth bass, a predator, accumulated significant amounts of cadmium and zinc. Bluegills accumulated significant amounts of copper, and high (but not statistically significant) amounts of cadmium, nickel, lead and zinc compared to bluegills in control ponds. 

Mercury was found in Everglades largemouth bass at concentrations of 0.13 to 3.64 ppm (Eisemann et al. 1997). Miles and Fink (1998) monitored total mercury and methyl mercury at a nutrient removal wetland in the Everglades and found total mercury concentration in bass was about 0.1ug/g. In the adjacent water conservation area (WCA) mercury levels exceeded the standard of 0.5 ug/g. Total mercury found in mosquitofish was lower than in bass and was lower in the wetland interior than in the inflow and outflow sites. 

Selenium, which is an increasingly important environmental contaminant, is concentrated in the mineral fraction (fly ash and bottom ash) of combusted coal. Disposal by dumping a wet-slurry into dry-ash basins can overflow into aquatic systems (Lemly 1996). Selenium concentrations can rapidly increase in fish and aquatic organisms in the receiving water, ultimately resulting in tissue damage, reproductive failure, and possible elimination of local fish populations. 

Lemly (1996) describe selenium effects in fish living in contaminated power plant reservoirs. Bluegill (Lepomis macrochirus) with selenium concentrations of 12-16 ug/g in skeletal muscles and 40-60 ug/g in ovaries were associated with reproductive failure and mortality. Females with selenium levels in tissues of 8-36 ug/g and 12-55 ug/g in ovaries did not produce viable offspring. Mosquitofish (Gambusia affinis) and other forage fishes can accumulate 20-370 ug/g of selenium and still maintain stable, reproducing populations. Lemly (1996) concludes, that because selenium bioaccumulates, direct exposure to organisms is not the problem but rather the dietary source of selenium contaminated organisms provide to predatory fish and other wildlife that can be toxic. 

Gaines (1994) found dilute landfill leachate had limited short-term impacts on fish populations in a Central Florida wetland. Fish tended to avoid the leachate entry area, and sampled fish assemblages most represented the original fish community structure in areas farthest from the leachate. 

ACIDIFICATION

Few recent studies were found in a search of the literature between 1990 and 1999 on the effects of acidification on fish in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Hoyer and Canfield (1994) recorded pH levels in 60 Florida lakes and the fish associated with those lakes. Fish typically found in low pH waters include the lined topminnow, Everglades pygmy sunfish, pygmy killifish and redfin pickerel. Acidification of a wetland below 5.0 may be detrimental to the fish populations. Eleven species of fish were found in lakes with a minimum measured pH of 4.3. In Florida acidification is not a common problem due to buffering capacities from substrates and the nature of effluent added to wetlands that tends to raise pH.

SALINIZATION

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of acidification on fish in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. 

SEDIMENTATION / BURIAL

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of sedimentation on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Reviews by Adamus and Brandt (1990) and Danielson (1998) also report a paucity of literature on wetland fish response to sedimentation. Presumably sedimentation can affect fish by altering substrate, submerged vegetation, and invertebrate prey base. Sediment feeders, such as the red ear sunfish (Lepomis microlophus) may be directly impacted. 

TURBIDITY / SHADING 

Few studies were found in a search of the literature between 1990 and 1999 on the effects of turbidity or shading on fish in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) and Danielson (1998) also report a paucity of literature prior to 1990 and in other regions on wetland fish response to turbidity and shading. 

The addition of wastewater to a blackwater wetland in Central Florida increased the density and cover of Lemna causing shading underwater (Smith 1992). Gambusia and Heterandria populations were affected, with Gambusia most negatively affected. Total suspended solids also increased with Heterandria responding positively. 
Hoyer and Canfield (1994) recorded Secchi depth in their study of 60 Florida lakes. The median value for all lakes was 1.5 m. The fish typically found in lakes with a median Secchi depth >2.0 m included the chain and redfin pickerel, Everglades pygmy sunfish, lined topminnow and pygmy killifish. Fish typically found in lakes with small Secchi depths include inland silverside, redbreast sunfish, taillight shiner and sunshine bass.

VEGETATION REMOVAL

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of vegetation removal on fish in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Reviews by Adamus and Brandt (1990) and Danielson (1998) also report a paucity of literature on wetland fish response to vegetation removal. In general, increased macrophyte growth and (re)colonization of bare sediments result in higher fish densities, by providing habitat and cover for prey species, and removal of submerged and emergent vegetation may decrease fish density and alter community composition. 

THERMAL ALTERATION

No studies were found in a search of the literature between 1990 and 1999 on the effects of thermal alteration on fish communities in inland freshwater wetlands in Florida or the Southeastern Coastal Plain.

DEHYDRATION / INUNDATION
Drawdowns and prolonged inundation are common in Florida wetlands. Marsh fish are influenced by water level fluctuations, and hydroperiod differences may lead to differences in fish communities (Streever and Crisman 1993). Fish populations are frequently absent from isolated marshes subject to seasonal drying. Moler and Franz (1987) note that fish are variably present in oligotrophic marshes of the Ordway Preserve of North Central Florida. Fish tend to follow the water during dry spells and congregate in pools that may or may not dry up entirely. Competition and predation are intensified during drawdowns. Some fish move upstream when overland flow occurs, recolonizing depauperate wetland depressions. 

Jordan et al. (1996) observed insect predation on small fish might be significant in semi-isolated ephemeral marshes that lack predatory fish. In aquariums, larval Odonate Anax junius predation on small fish (<40mm standard length) can approach 40%. Under natural conditions, habitat complexity likely decreases foraging ability of predatory insects. Sustained drawdowns may also eliminate or reduce invertebrate predators such as dragonfly larvae. 

Dominance of small fishes in Everglades wetlands arises from hydropattern, as smaller species can survive in small pools during dry spells (Loftus and Eklund 1994). Flooding in the Okefenokee swamp releases nutrients in peat substrates, increasing algal and invertebrate productivity and may result in short-term increases in abundance of some fish species (Freeman 1989). 

Some groups of fish are especially adapted to fluctuating water levels. Jordan et al. (1998) report that mosquitofish and flagfish were aggressive pioneers during flooding in wet prairies and sloughs of the St. Johns River headwaters. Repopulating dried wetlands when inundation reoccurs requires a pathway of recruitment to an adjacent water body or replacement of individuals through reproduction (Streever and Crisman 1993). 

When rivers flood bottomland hardwood forests in the Southeastern Coastal Plain, inundation greatly increases the surface area available for fish migration and spawning (Brinson et al. 1981). Leitman et al. (1991) describe fishes in forest floodplains of the Ochlockonee River during flood and drought conditions. Thirty-seven species were collected during flood conditions and only thirteen were found during drought.

Large fluctuations in water level expose spawning areas, denude shoreline vegetative cover, and may reduce aquatic macroinvertebrate populations (Adamus 1983, Adamus et al. 1991). However, Greening and Doyon (1990) state that draw-down of Lake Apopka would potentially result in an improved littoral zone habitat, increasing gamefish species abundance by increasing macroinvertebrate production, fish spawning and refuge areas for game- and forage-fish species. A demonstration project for the Kissimmee River restoration plan documented fish responses to water level manipulation (Toth 1993). 

DeAngelis et al. (1997) modeled fish dynamics and effects of stress in a hydrologically pulsed marsh typical of the Everglades-Big Cypress area of South Florida. The model predicts that: 1) there is an effective threshold in the length of the hydroperiod that must be exceeded for high fish population densities to be produced, 2) large, piscivorous fish do not appear to have a major impact on smaller fishes in the marsh habitat, and 3) the recovery of small fish populations in the marsh following a major drought may require up to a year.

Hydric pine flatwoods have the shortest hydroperiods, have small drainage areas, are those most influenced by rainwater, and have the lowest conductivities, among wetlands in the Myakka River basin of Southwest Florida (Dunson et al. 1997). Some fish species are typically found within a certain ranges of dissolved Na, Ca and Mg. 

HABITAT FRAGMENTATION / DISTURBANCE

No studies were found in a search of the literature between 1990 and 1999 on direct effects of habitat fragmentation and disturbance on fish in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) report a paucity of literature prior to 1990 on wetland fish response to habitat fragmentation and disturbance, and Danielson’s review (1998) similarly finds a limited recent literature in other states. Habitat destruction or modification is estimated to be 73% responsible for North American freshwater fish extinctions and 98% responsible for fish population decline (Williams et al. 1989, Miller et al. 1989). 

Fish movement, recolonization rates and survival likely are decreased with increasing distance between wetland depressions in the landscape or as hydrologic connections become severed by dewatering, channelization and diversion. Fish species dependent on floodplain habitats and those that do not disperse easily might be most affected. The magnitude of the effect may depend on the size and intrinsic habitat heterogeneity of the wetlands within the fragmented landscape (Adamus and Brandt 1990). Presumably fish populations are most affected in the South Florida region where emergent marshes comprise 61% of the wetlands and 21% of the landscape and where water diversion projects have been most extensive. 

