Chapter 5:  MACROINVERTEBRATES

USE AS INDICATORS

Macroinvertebrate assemblages are particularly appropriate for use in multi-metric indices of biotic integrity in streams (Karr 1997) and may also be robust indicators for wetland biological assessment. Invertebrates are abundant and easily sampled, and the species living in virtually any water body represent a diversity of morphological, ecological, and behavioral adaptations to their natural habitat. A diverse component of wetland habitats, macroinvertebrates respond quickly to changes in physical, chemical or biological parameters (Stansly et al.. 1997). Structure and function of macroinvertebrate communities reflect biological conditions, and change in predictable ways with increased human influence.

Macroinvertebrates are also an important link in wetland food webs as most vertebrate and higher trophic organisms are dependent upon invertebrate populations (Hart and Newman 1995). Removal of aquatic arthropods would likely cause a local collapse of fish, amphibian, reptile, and wading bird populations (Trott et al.. 1997). However, evaluation of impacts of environmental perturbations to wetland macroinvertebrate assemblages is a daunting task, given poor taxonomic knowledge of groups such as Chironomids (midges) that may represent more than 50% of total secondary production in depression wetlands of South Florida (Stansly et al. 1997).

Macroinvertebrate assemblages are used as biological indicators in streams in several states including Florida (Kerans and Karr 1994; Barbour et al. 1996). Florida Department of Environmental Protection (FDEP) developed the Stream Condition Index (SCI) and the recently employed Rapid BioRecon Method using macroinvertebrate assemblages to evaluate biotic integrity. Samples are collected using dip net sweeps in representative substrate. Biological condition is determined using a multi-metric approach comparing test stream results with regional reference conditions, assumed to be the best attainable condition of the water resource. For Florida streams the best macroinvertebrate metrics are: Florida Index species, EPT taxa (Ephemeroptera, Plecoptera, Trichoptera), percent dominant taxon, and percent gatherers. All indices decrease with increased pollution or disturbance except for the % dominant taxon (Barbour et al. 1996). 

FDEP has recently been developing a method of assessing biotic integrity of lakes (Gerritsen and White 1997). This method employs grab samples of macroinvertebrates from lake sediments just beyond the littoral zone, with either a Petit Ponar or Eckman dredge, in 60-100 cm deep water (aquatic bed-littoral zone). Results are compared with reference conditions using multi-metric indices suitable for lakes. Metrics under consideration are: taxa richness, Shannon-Weiner diversity, Hulbert index, ETO taxa (Ephemeroptera, Trichoptera, Odonata), percent dominance, percent filterers, percent ETO, and percent gatherers. Use of two trophic state indicators (Secchi depth and Chlorophyll-a concentration) in conjunction with a lake IBI may best determine the biological condition of a lake (Gerritsen and White 1997). 

FDEP uses a preliminary wetland Bio-ReCon field sheet that scores macroinvertebrate taxa present in dip sweeps using a weighted index for sampled taxa (Table 5.1). Three metrics are currently computed (total taxa richness, total lake index, and total ETO taxa). Wetland health or impairment is determined based on deviation from target values. The scoring and selection of metrics is developed from Bio-ReCon protocols for Florida streams and lakes, the SCI and LCI, and best professional judgment of District Biologists. 

The Department of Environmental Resources Management is developing a biomonitoring program for the fresh surface waters in Southern Florida canal systems using the SCI as protocol (Snyder et al. 1998) and adapted for the special conditions facing the canal systems as data are collected and analyzed. Benthic macroinvertebrates are also being used to evaluate the success of restoration projects. Merritt et al. (1996) report on the restoration of the Kissimmee River Basin and identify regional species pools of aquatic insects that potentially occur in the basin. The authors also evaluate the assignation of functional groups based on feeding, habit, and voltinism and the use of calculated ratios to make assessments of ecosystem attributes. Toth (1993) documents invertebrate responses to water level manipulation in a Kissimmee River demonstration project. 

Macroinvertebrate communities appear to colonize newly constructed wetlands with reasonable success (Erwin et al. 1997). In a study of the biological success of created marshes in Central Florida, FDEP used components of the SCI and the LCI to assess the benthic macroinvertebrates for the wetlands and compared them to a reference marsh (Division of Technical Services 1994). Results indicate that structural and functional groups of created marshes were moderately close to those of the reference wetland. Macroinvertebrate populations in a natural/created wetland system for advanced secondary treated wastewater in Central Florida were similar to a control wetland (Best 1993). Crisman et al. (1997) reviewed research on aquatic fauna in constructed wetlands on phosphate mined lands in Florida and found that within three years invertebrate communities stabilized in numbers and feeding guilds were generally comparable to those of natural wetlands. Erwin et al. (1997) caution the reader that inferences made from this review may not be accurate due to different monitoring programs, constructed wetland design and substrate conditions. 

Dip net sweeps are an effective sampling method for wetland macroinvertebrates (Cheal et al. 1993, Rader and Richardson 1994). However, Turner and Trexler (1997) found that use of three complimentary methods – a funnel trap, a D-frame sweep net and a 1-m2 throw trap – give a complete representation of a wetland invertebrate assemblage. Turner and Trexler (1997) and Fennessy et al. (1998) found Hester Dendy samplers to be ineffective in wetlands. Stansly et al. (1997) and Gore et al. (1998) used bottle-brush samplers to represent macrophyte substrate, as well as dip nets and Hester-Dendy samplers in their surveys of isolated wetlands in South Florida with satisfactory results. In wetlands, as in other aquatic habitats, it is important to sample all types of substrate and plant communities as macroinvertebrate abundance and distribution vary between habitat types. Streever et al. (1995) sampled Chironomidae in vegetated and non-vegetated areas and found the communities different in each habitat type. 

Wetland macroinvertebrate ecology in Florida and the Southeastern Coastal Plain is well researched. Wharton et al. (1982) describe macroinvertebrate fauna of bottomland hardwood swamps by vegetative zone. Batzer and Wissinger (1996) reviewed literature on insect community ecology in non-tidal wetlands, including some found in the Southeastern Coastal Plain. Kushlan (1990) documented invertebrate populations of Florida marshes, including amphipods, dragonflies, damselflies, mosquitoes, gnats, deerflies, horseflies, waterbugs, water beetles and ostracods. Freshwater prawns, crayfish and snails are also found in large numbers and are conspicuously important in food chains. 

Haag et al. (1987) found that on floating islands in Orange Lake in North Central Florida, the following macroinvertebrates are a major source of food for Boat-tailed Grackles and Redwing Blackbirds: water bugs (Belostoma spp.), plant hoppers (Fulgoridae), diving beetles (Dytiscidae), crayfish (Procambarus fallax), shell snails (Planorbella spp.), dragonflies and damselflies (Odonata, genus Libellulidae), leaf beetles (Chrysomelidae, genus Donacia), noctuid caterpillars, rat-tailed maggots (Eristalis spp.), water beetles (Hydrophilidae), scarab beetles (Scarabaeidae), soldierfly larvae (Stratomyidae), water hyacinth weevils (Neochetina eichhorniae and N. bruchi), grasshoppers, arachnids and ants. 

Pickard and Benke (1996) studied the amphipod Hyalella azteca in southeastern wetlands, on 3 habitats (benthos, Nymphaea odorata leaves, and submerged wood) and found that H. azteca was most abundant in benthic habitat. Birth and death rates were highest in summer, with predation and/or environmental stress were mortality factors. Hyalella azteca does not appear to be a dominant primary consumer. This study is a part of a more comprehensive analysis of invertebrate production in southeastern wetlands. Rader (1994) found one hundred forty-eight macroinvertebrate taxa in sloughs in the northern Everglades. Chironomidae, Gastropoda, and Coleoptera, were the most diverse groups with the greatest densities, and the amphipod Hyallella azteca was the most abundant species. Planorbella duryi was the most abundant snail, and Callibaetis floridanus the most abundant mayfly. Stansly et al. (1997) catalogued 225 macroinvertebrate species in 159 general, 49 families and 13 orders of crustaceans, mollusks and insects in isolated wetlands within the South Florida Water Management District. Oligochaetes and acarines were not included. Chironomids dominated, with odonates, hemipterans, and coleopterans all well represented.  

In South Florida's hydric pine flatwoods, Gore et al. (1998) catalogued 292 taxa, of which 60 were various species of chironomids. Fishing spiders (Dolomedes triton) are found in the Everglades among dense stands of cattails and sawgrass, but density estimates suggest that they are unlikely to play important roles in the marsh food web (Jordan et al. 1994). Jordan et al. (1996) studied the crayfish Procambarus alleni in wet prairies. Mean density and biomass of crayfish increases with increased plant biomass found in densely vegetated wet prairies compared with less dense, deep-water sloughs. 

Literature available on macroinvertebrate ecology and responses to stressors in Florida wetlands, combined with the SCI, Rapid BioRecon, the LCI, information on wetland types and locations, and successful sampling methods are a basis to develop a macroinvertebrate index of biotic integrity for Florida wetlands. 

ENRICHMENT / EUTROPHICATION / REDUCED DISSOLVED OXYGEN

Benthic macroinvertebrate species composition responds to trophic state (Cairns and Pratt 1993). For example, tubificid oligochaetes increase with organic enrichment (Barbour et al. 1996). High nutrient wastewater added to a cypress swamp changes the invertebrate community (Ewel 1990), and the addition of stormwater or wastewater to cypress ponds is shown to cause the community to shift to a simpler trophic structure (Harris and Vickers 1984).  Duckweed (Lemna spp.) mats over the water surface in Florida cypress domes blocks sunlight from the water column creating anoxic conditions (Dierberg and Brezonik 1984), reducing the diversity and biomass of benthic invertebrates, and leaving only a few pollution-tolerant organisms (Brightman 1984). Gerritsen and White (1997) found that sublittoral macroinvertebrate communities in Florida lakes also appear to respond to lake trophic status. 

Rader and Richardson (1992, 1994) studied macroinvertebrate response to nutrient enrichment in the northern Everglades. A greater number of coleopteran species (especially in the Hydrophilidae and Dytiscidae families) was recorded in enriched and intermediate areas than in unimpacted sites (total mean annual density of macroinvertebrates at enriched and intermediate sites was 6.1 and 3.5 times greater, respectively, than in the unenriched area). Except for decapods, especially Palaemonetes paludosus, the density of each order or class was higher within enriched and intermediate areas. Percent composition measured 2.6 times higher and density of dipterans as 16.2 times greater at enriched and intermediate sites than at the unenriched site. Dominant dipterans at enriched sites were Dasyhelia spp., Goelkichironomus holoprasinus, Larsia decolorata, Polypedilum trigonus, Pseudochironomus spp., and Tanytarsus sp. J. The number of taxa (primarily Chironomidae) did not increase, and was very similar for all sites.

Schwartz et al. (1994) studied impacts of reclaimed water from an advanced wastewater treatment facility on wetland communities in Orange County, Florida. Reclaimed water flows through a distribution created wetland to a natural pond cypress swamp. It then flows into a redistribution created wetland, to a natural hardwood swamp and then exits through a final pond cypress swamp. Aquatic and benthic macroinvertebrates were sampled in the water column and substrate with a modified stovepipe sampler. Shannon-Weaver diversity indices increased overall in all the wetlands during the third year of the study, with the hardwood swamp displaying the highest diversity in each sampling event. Numbers of pollution-sensitive species were highest in the control and exit wetlands. However, all pollution tolerant assemblages were represented in each treatment wetland for every sampling event, indicating good water quality in all wetlands. 

Stormwater input to the freshwater marsh in Savannas State Preserve increased phosphorus levels, lowered oxygen levels and raised pH and hardness, resulting in macroinvertebrate population shifts toward pollution tolerant species and those intolerant of typical acidic and oligotrophic conditions of the preserve (Graves et al. 1998). 

CONTAMINANT TOXICITY

Few recent studies were found in a search of the literature between 1990 and 1999 on the effects of contaminant toxicity on macroinvertebrate communities in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. The reader is referred to Danielson (1998) for a review of recent wetland invertebrate toxicity studies from other regions. Here, select studies from other regions that may have relevance to Florida wetlands are reviewed. Lenat (1993) reports that toxic conditions caused increases in the number and types of deformities in Chironomus larvae in streams in North Carolina. 

Eisemann et al. (1997) found mercury concentration in apple snails (Pomacea paludosa) as high as (0.091ppm) at the Panther National Wildlife Refuge in Florida. Apple snails are an important component of food webs in South Florida wetlands and can serve as indicators of bioavailable mercury. From results of stream studies, Barbour et al. (1996) state that some chironomids of the family Orthocladiinae, genus Cricotopus, are tolerant of metal pollution. Other Orthocladinae (Rheocricotopus spp. and Corynoneura spp.) are thought to be sensitive to metal pollution. 

Selenium has become an important environmental contaminant in agricultural arid and semi-arid regions of the western U.S. and in areas where fossil hydrocarbons are mined, processed, and used for combustion. Selenium is a trace element present in coal, crude oil, shale, coal conversion materials and their waste by-products. It is highly concentrated in the mineral fraction (fly ash and bottom ash) remaining after coal is burned. A slight increase in selenium concentration in water can quickly bioaccumulate in aquatic organisms and become toxic to the higher trophic levels (Lemly 1996). While no Florida studies on selenium in wetlands were found in this review, it may be an overlooked toxic contaminant in areas where fossil fuels are stored and burned. 

Batzer and Wissinger (1996) found the primary influence of herbicides on wetland insects is indirect, killing the macrophyte and algae food base. Buhl and Faerber (1989) performed toxicity tests of selected herbicides and surfactants on the midge Chironomus riparius. The relative order of toxicity to this midge is similar of those for other macroinvertebrates and fish, so results may be applicable to wetland chironomids of southeastern wetlands. 

Henry et al. (1994) studied macroinvertebrate survival in Prairie Pothole wetlands of South Dakota treated with a mixture of a glyphosate-based herbicide, a surfactant and a drift retardant used for cattail control. Populations of Chironomus spp. (midge), Hyalella azteca (amphipod), Stagnicola elodes (pond snail) and Nephelopsis obscura (leech) were monitored. After 21 days, there was no difference in the survival of the study organisms and those of the control. In laboratory tests, based on nominal formulations of the concentrations, the surfactant was approximately 100 times more toxic than the herbicide, which was about 24 times more toxic than the drift retardant. The authors conclude that these formulations pose no threat to aquatic life, when applied according to the directions, but could be hazardous if used improperly.

Various chemical pest applications are used in agriculture, silviculture and lawn care in Florida, and pesticides in water and sediment can adversely affect wetland macroinvertebrate communities, though no recent studies were found. Broad-spectrum pesticides such as organophosphate mosquito larvicide may unintentionally or indirectly impact other wetland insect populations. The microbial mosquito larvicide Bacillus thuringiensis israelensis is much more target-specific and has minimal impact on nontarget insects (Batzer and Wissinger 1996) though mortality has been observed in several taxonomic orders (see Danielson 1998 for review). 

ACIDIFICATION
No studies were found in a search of the literature between 1990 and 1999 on the effects of acidification on macroinvertebrate assemblages in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Calcium carbonate common in Florida soils buffers acidity, and activities associated with acidification are not common in Florida. Still, natural differences in pH and alkalinity may be important determinants of macroinvertebrate communities. Highly acidic water generally results in impoverishment of fauna, and low acidities generally reflect better buffering and higher productivity (Adamus and Brandt 1990). Stribling et al. (1995) found that in Montana wetlands, low acidities are positively correlated with metrics of percent dominant taxon, percent amphipoda and Hilsenhoff Biotic Index. Circumneutral pH, but on the acidic end of the range, is positively correlated with the metrics of total taxa, Chironomidae taxa, and percent filterer-collectors. 

Experimental acidification of wetland habitats often has shown little impact on insects unless the pH becomes very low. In contrast, low pH may benefit insects in some cases where insectivorous fish cannot tolerate the acidic conditions. Apparently, many wetland insects tolerate broad ranges of environmental pH (Batzer and Wissinger 1996) and may be poor indicators of acid pollution stress. 

Metals and acidity interact variously affecting toxicity. Short et al. (1990) found lower macroinvertebrate abundance and diversity in wetlands with low pH and high concentrations of dissolved minerals (Al, Cu, Fe, Mn, Zn). Albers and Camardese  (1993) studied the effects of acidification on metal accumulation by aquatic plants and invertebrates in constructed wetlands in Laurel, Maryland. The pH of the acidified wetlands was 5.0, not low enough to cause a difference in amount of the twelve metals released into the water column except for zinc, but calcium was lower in the acidified wetland. The low pH could cause adverse effects on the occurrence of crustaceans and mollusks by threatening egg production and development of young.

SALINIZATION

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of salinization on macroinvertebrate assemblages in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. However, Stribling et al. (1995) found that salinization is positively correlated with percent dominant taxon while all other metrics decreased as salinity increased in Montana wetlands.

SEDIMENTATION / BURIAL

Few recent studies were found in a search of the literature between 1990 and 1999 on the effects of sedimentation on macroinvertebrates in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Generally, benthic species composition is determined by substrate (Gerritsen and White 1997) and invertebrate communities change with erosion and sedimentation. Evans (1996) studied sedimentation in constructed wetlands on Florida phosphate-mined lands and found that gently sloping banks were lower in silt content than steeper slopes, and silt content in sediments decreased with age since construction and bank colonization by freshwater plants. 

TURBIDITY / SHADING 

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of turbidity and shading on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Shading from dense stands of emergent vegetation can limit the productivity of benthic algae (Adamus and Brandt 1990) favoring detritivores over grazers. In a study of California wetlands, De Szalay and Resh (1996) found that fine particulate organic matter settles out with increased shading, providing a rich detritus that supports high numbers of benthic detritivores. 

VEGETATION REMOVAL

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of vegetation disturbance on macroinvertebrates 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 invertebrate response to vegetation removal.  Canopy opening and the loss of vegetative structure will likely shift the macroinvertebrate community to more open water, less sedentary, and predatory species. 

THERMAL ALTERATION

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of thermal alteration on macroinvertebrates in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) in their review conclude that in general, heated effluents reduce the richness of invertebrate communities in wetlands and may either increase or decrease their density and productivity. The former may be true in Florida where ambient temperature increases do not necessarily expand ranges or provide over-wintering conditions. 

DEHYDRATION / INUNDATION

Hydropattern (depth, duration and periodicity of flooding) entrain wetland community organisms and influence composition, including associated macroinvertebrate assemblages, which either temporarily relocate or cope using behavioral and biological adaptations. Hydroperiod affects the movement of crayfish Procambarus alleni, which has been identified as a critical species in the food webs of freshwater marshes of Southern Florida (Frederick and Spalding 1994). The crayfish prefer shallow waters of wet prairies to deeper areas, and disperse during times of inundation (Jordan et al. 1996). Apple snails (Pomacea paludosa) are not as adaptable, however, and water level increases threaten their eggs, which are intolerant of submergence (Turner 1998). 

During draw-down or dewatering in lakes, benthic macroinvertebrate populations can experience reduced densities or elimination. After refill however, macrophyte densities may increase due to colonization of the increased littoral zone habitat (Greening and Doyon 1990). A draw-down and sediment removal project in Lake Tohopekaliga, Florida (Butler et al. 1992), resulted in lower densities and numbers of invertebrate taxa associated with macrophytes, and bottom-dwelling macroinvertebrates increased in the restored area. The difference was attributed to fish predation on invertebrates associated with macrophytes. Predatory sport fish in the restored lake area increased to three times the number in the control site. 

Rader and Richardson (1994) compare 2 wetlands in the northern Everglades; a nutrient enriched area with a shorter hydroperiod and a control site that remained inundated throughout the study. Invertebrate and small fish diversity and abundance was higher in the enriched site with less standing water and 3-6 weeks of no surface water, though the higher measures may be due to the proximity of permanent water to the site that may act as a source for colonizers. Loftus et al. (1986) found that invertebrate and small fish abundances in Everglades National Park declined in marshes with short hydroperiods. 

Small pond cypress swamps can remain flooded all year or dry completely four times or more in a single year. Leslie et al. (1997) sampled benthic macroinvertebrates using a stainless steel coring device in three pondcypress swamps in North Central Florida and documented 85 taxa. This is a higher richness count than some other southern wetlands (though other studies typically do not sample sediments). Ninety percent of the samples were found surviving in sediments of dry ponds. 70% of overall density was accounted for by 3 generalist feeders, Crangonyx (Amphipoda) and chironomids Polypedilum spp. and Chironomus spp. Densities of benthic invertebrates in depressions that had been dry for over one month were similar to those with wet months, suggesting that density and distribution metrics may not be robust indicators. 

Wetland macroinvertebrates exhibit both behavioral and physiological adaptations to cope with draw-down. Crangonyx spp. and several insects including beetles and odonate nymphs can burrow into moist sediments, and some chironomid larvae can withstand draw-down in a cryptobiotic state, as reported by Gore et al. (1998) for wetland depressions in hydric flatwoods of South Florida. Other insects complete their life cycle or have emerged as adults before drought, and other insects lay eggs that withstand desiccation (Stansly et al. 1997, Gore et al. 1998, Batzer and Wissinger 1996). 

Aquatic macroinvertebrates that are predatory or have a long life cycle may be indicators of hydroperiod stability in isolated wetlands of South Florida (Stansly et al. 1997). Indicators of persistent water include mayflies, Caenis, and odonates Anax spp., Libellula spp. and Pantala spp. The chironomids Beardius spp., some members of Chironomus and Tanytarsus, and Zavreliella marmorata also apparently need permanent standing water. Some common species in isolated wetlands, including Polypedilum trigonus and Tanytarsus sp. B., rarely if ever were found in intermittently exposed wetland (Gore et al. 1998). Other species were typical of intermittently exposed and ephemeral wetlands, including Ablabesmyia rhamphe grp., Krenopelopia spp., and Tanytarsus sp. G. 

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 macroinvertebrates in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Reviews by Danielson (1998) and Adamus and Brandt (1990) also report a paucity of literature related to wetland macroinvertebrate response to habitat fragmentation and disturbance prior to 1990 and from other regions. Adamus and Brandt (1990) surmise that as the distance between wetlands with colonizers becomes greater, species with narrow environmental tolerances and which do not disperse easily might be most affected. 

An example of an insect that may be at risk from landscape scale wetland fragmentation is a distinctive endemic phenotype of Euphyes dukesi, a Lepidopteran that was first discovered in Florida in 1971. E. dukesi has been found on wetland sedges, Rhyncospora and Carex (Calhoun 1995). Harris (1988) proposes that surface water pollution probably reduced the production of macroinvertebrates, in turn affecting swallow-tailed kite (Elanides forficatus) populations in the Everglades. Destruction of the Citronelle Ponds, wetlands of the Gulf Coastal Plain of Florida, is pervasive due to agriculture and forestry (Folkerts 1997). Presumably invertebrates and other species associated with this wetland type are imperiled with the loss of their habitat. 

Colonization of nonnative and noxious species is common in disturbed wetlands. Local invertebrate populations may be affected by introduction and spread of other exotics, such as fish and plants that change the community composition and food webs of wetlands. Rader (1994) found some macroinvertebrate colonists from Central and South America in the northern Everglades. The snail Marisa cornuarietis (Ampulariidae) has been introduced in the canals of Dade County and is likely to invade the Everglades (Robins 1971). 

Water hyacinth weevils, Neochetina eichhorniae and N. bruchi, have been introduced in Central Florida as a biological control agent (Haag et al. 1987) but to date have not colonized in numbers sufficient to impair the productivity of water hyacinth and are not known to disrupt community structure. 

In a pilot study for the development of a biomonitoring program for the South Florida canal system, Snyder et al. (1998) found that macroinvertebrate taxa with (relatively) long life cycles were reduced in numbers in urban, industrial and suburban canal sites and higher in canals surrounded by wetlands and relatively protected from human impact. Pioneering taxa with comparatively short life cycles and capable of rapid re-colonization were typical of impacted canal sites with early successional communities. Rader (1994) reports an abundance of amphipods and freshwater shrimp (Palaemonetes paludosus) abundance in South Florida canals compared with proximate wetlands. 

