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Wildlife in Treatment Wetlands

Introduction

Numerous wildlife species of all taxonomic orders depend on wetlands as habitat. Plant productivity and imports of organic carbon from surrounding ecosystems provide the energy basis for these wildlife populations. Many wetlands typically have both aquatic and terrestrial food chains. Plant structures that are lost into the aquatic portion of the foodchain are typically degraded by a complex assemblage of microscopic and small aquatic organisms that includes invertebrate animal groups (protozoans, worms, molluscs, arthropods, and others). These organisms, in turn, serve as the basis of the food chain for other invertebrates, and for diverse vertebrate groups such as fish, amphibians, reptiles, birds, and mammals. Above-water plant materials may also be processed as food by nonaquatic fauna that have no direct contact with the water in the wetland. 

In addition to their direct support of wildlife food chains, wetlands provide diverse structure for other wildlife habitat needs. For example, some animals such as toads and salamanders live a great share of their life in upland areas but return to wetlands and other flooded ecosystems to reproduce. Many wetland-dependent species use wetland vegetative structure for nesting or roosting. Other species use wetlands only as a source of water for drinking. 

Animal populations in wetlands tend to vary greatly, both temporally and spatially. Many invertebrates have short life histories that play out over a period of weeks or months each year. Population size for these species can vary widely during short periods of time. Some fish or bird species use wetlands seasonally only in response to ideal water levels or the presence of specific prey populations. Wetland animal populations vary widely between different wetland types because of the interrelationships between specific plant species and associated wildlife species. Regional distributions of animals also affect which species are likely to be found in a given wetland type.

Animal populations in wetlands can be quantified by a variety of techniques. These methods are typically a function of the animal group, and there may be a number of valid approaches that can be used to quantify a specific wildlife population. Microscopic invertebrates are relatively difficult to study and have not been examined to any significant degree in treatment wetlands. While qualitative observations indicate that a diversity of microscopic invertebrates such as protozoans and microarthropods are present, there are no comprehensive lists of even the most common species in these groups. For this reason, these organisms are not considered further in this report. 

Macroinvertebrates are those invertebrates that can be readily seen with the unaided eye. These organisms are commonly quantified in aquatic ecosystems, including wetlands. The macroinvertebrate groups most commonly studied are annelids (worms), arachnids (spiders and mites), crustaceans (amphipods, isopods, copepods, water fleas, and crayfish), insects, and molluscs.

Fish are an obvious component of most aquatic ecosystems, but knowledge of their role in wetlands is limited. A few studies have identified the fish species occurring in treatment wetlands, and even fewer studies have measured population size and biomass through methods such as seining, throw nets, push nets, and traps.

Amphibian and reptile (herptile) populations in wetlands tend to be variable and secretive, and therefore, difficult to quantify. Drift fences provide one method of quantification. No quantitative herptile studies in treatment wetlands were found for this report. 

Birds are extremely mobile, and many species include wetlands in some part of their life history. Since birds are one of the fauna groups that people appreciate the most, study of this wildlife group in treatment wetlands has been greater than for any other order. Qualitative and quantitative bird counts in treatment wetlands have been conducted by professionals and amateurs.

Many mammal species use wetlands as an important component of their total habitat. Several species depend greatly on wetlands, while others use wetlands facultatively or for specific and narrow life history requirements. Small mammal populations are typically studied by trapping. Larger mammal studies include trapping or other censusing within known areas or with a specific level of effort. Very few quantitative mammal data from treatment wetlands exist.

Table 4-1 lists the number of animal species for each major taxonomic group observed in constructed and natural treatment wetlands. Over 900 species of wildlife have been reported in constructed treatment wetlands, over 500 species in natural treatment wetlands, and over 1,200 species have been summarized for all treatment wetlands in the database. These include more than 690 species of invertebrates, 77 species of fish, 21 species of amphibians, 31 species of reptiles, 414 species of birds, and 40 species of mammals. A complete list of these species is provided in Appendix D. Because species lists have been determined for only a small fraction of the treatment wetland sites listed in NADB v. 2.0, and because of the widely disparate methods and seasons of measurement, these species totals underestimate the diversity that exists in treatment wetlands in North America. The sections that follow describe each wildlife group individually. 

table 4-1

Number of Wildlife Species within Each Wildlife Group in the Wildlife Database





Number of Species Recorded


Wildlife Group
Contructed Wetlands
Natural Wetlands
Combined Wetlands

Amphibians
10
14
21

Avifauna
364
176
414

Benthos
518
311
703

Mammals
19
30
40

Fish
70
15
77

Reptiles
7
28
31


988
574
1,286






Invertebrates

A total of 703 species of aquatic invertebrates has been recorded from treatment wetlands in NADB v. 2.0 (Table 4‑2). These include 14 species of aschelminthes, 71 species of crustaceans, 12 species of arachnids, 27 species of molluscs, and 480 species of insects. Thirty-two treatment wetland systems listed in NADB v. 2.0 have invertebrate data (Table 4‑3). In most cases, only species lists are available. A few systems reported quantitative data, although sampling techniques varied. The average Shannon-Weiner diversity (H') of benthic macroinvertebrate collections was 1.36 units (with a total of 342 species reported) for constructed treatment wetlands and 2.29 units (with a total of 349 species reported) for natural treatment wetlands (Table 4‑4). Benthic macroinvertebrate evenness averaged 0.56 for constructed wetlands and 0.68 for natural treatment wetlands. 

Average benthic populations are 6,083 individuals per square meter for constructed treatment wetlands and 2,102 per square meter for natural treatment wetlands. Total populations of mosquito larvae and pupae in treatment wetlands are reported in Table 4‑5 from a few projects. Average densities collected in dippers are 1,144 individuals per cubic meter for constructed treatment wetlands (pilot wetlands in Hemet and Sacramento, California) and 952 per cubic meter in natural treatment wetlands (full-scale wetlands in Reedy Creek and Poinciana, Florida). The range of values around these averages is great 

Table 4-2

and may reflect differences in sampling techniques as much as differences between wetland mosquito populations.

No functional measures for invertebrate populations were discovered from treatment wetland studies. Secondary production of invertebrates can be evaluated by using repeated population estimates. General anecdotal observations from newly constructed treatment wetlands indicate that invertebrate populations develop quickly when treated wastewaters are added and that these population trends are highly variable when vegetative cover changes during the first season of wetland maturation. Long-term populations of invertebrates appear to be more stable and more characteristic of natural wetland environments.

Fish

Seventy-seven fish species are reported from 13 treatment wetland sites in NADB v. 2.0 (70 species from constructed treatment wetlands and 15 species from natural treatment wetlands). Table 4‑6 summarizes fish data by site and system in NADB v. 2.0. 

Mosquitofish (Gambusia affinis) were reported from 5 constructed and 4 natural treatment wetlands. This species, found in 69 percent of the treatment wetlands where fish were sampled, is the only species known to be intentionally introduced into these treatment wetlands; all others are apparently present as a result of volunteer colonization. 

Figure 4‑1 and Tables 4‑7 and 4‑8 present detailed fish sampling results for the Orange County Eastern Service Area natural wetland cells (Site No. 5). These data indicate increasing fish diversity and decreasing biomass and density along the flow path of this treatment wetland. Figure 4-2 and Table 4-9 summarize detailed fish sampling data for the Poinciana, Florida, natural treatment wetland (Site No. 20). Fish diversity, biomass, and density are lower at this cypress dome than at the Orange County site, possibly due to the lower levels of wastewater pretreatment. Also, this site has no direct connection to downstream waters, and fish have to find their way over a weir structure to enter the cypress dome.

Table 4‑3

Table 4‑4

table 4-5

Mosquito Density (#/m3) by Site and System


Site

Site Name

System

System Name
Average
Density (#/m3)

Constructed Wetlands





25
Arcata, CA
1
Arcata Constructed Wetlands
217

29
Santa Rosa, CA
1
Kelly Farm
915

98
Hemet/San Jacinto, CA
1
Hemet/San Jacinto
1337

99
Sacramento Dem. Wetland, CA
1
Sacramento Dem. Wetland, CA
1012

Natural Wetlands





9
Reedy Creek, FL
1
Reedy Creek WTS1
791

9
Reedy Creek, FL
3
Reedy Creek WTS2
4830

20
Poinciana, FL
1
Boot
288

table 4-6

Fish Summary by Site, System, and Origin





Number of
Biomass
Density

Site
Site Name
System
System Name
Species
(g/m2)
(#/m2)

Constructed Wetlands







18
West Jackson County, MS
1
WJC System
2



39
Brookhaven, NY
1
Meadow Marsh Pond System 1
2



39
Brookhaven, NY
2
Marsh Pond System 2
2



51
Hayward, CA
1
Hayward
16



91
Hillsboro, ND
1
American Crystal Sugar Co
3



92
Everglades Nutr. Removal, FL
1
Everglades N.P.
18



99
Sacramento Dem. Wetland, CA
1
Sacramento Dem. Wetland
2
7.39


102
Champion Pilot, FL
1
Champion Pilot
3

9.17

312
Mt.View Sanitary District, CA
1
Mt. View Marsh
33



Natural Wetlands







5
Orange County, FL
1
Eastern Service Area
15
4.14
24.47

9
Reedy Creek, FL
1
Reedy Creek WTS1
5
4.42
37.18

9
Reedy Creek, FL
3
Reedy Creek WTS2
2
0.22
0.77

12
Central, SC
1
Central Slough
5

23.48

20
Poinciana, FL
1
Boot
6
1.22
7.03

209
Houghton Lake, MI
2
Houghton Lake
5
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Table 4-7

Table 4-8

Amphibians

Twenty-one amphibian (anuran) species are reported from 6 constructed and 3 natural treatment wetlands in NADB v. 2.0. Ten species are reported from constructed treatment wetlands and 14 species from natural treatment wetlands. Tables 4‑10 and 4‑11 summarize amphibian species occurrence for two natural wetland sites in South Carolina. Amphibians were recorded at these sites when observed but were not quantitatively sampled. From 4 to 8 amphibian species were observed each year during 7 years of operation of the Vereen wetland (Site No. 22). From 4 to 7 amphibian species were observed over 3 years at Central Slough (Site No. 12). The likely amphibian diversity at these two locations is greater than these numbers indicate since sampling was qualitative and conducted over a limited period during the spring of each year. No quantitative data on amphibian populations are included in the database.
Reptiles

Thirty-one reptile species are reported from 5 constructed and 4 natural treatment wetlands in NADB v. 2.0. These species include snakes, alligators, lizards, and turtles. Seven species are reported from constructed treatment wetlands and 28 species from natural sites. Tables 4‑10 and 4‑11 also summarize the reptile data for the two natural treatment wetland sites in South Carolina. The Vereen site had between 6 and 9 species observed while Central Slough had between 1 and 6 species. As with the amphibian data above, reptile diversity at these sites is likely greater than what is reflected by these numbers. No quantitative data on reptile populations are included in the database. 
Birds

Bird data are reported for 19 constructed treatment wetland sites and 8 natural treatment wetland sites. The majority of these data are species lists and population densities. Very few data on breeding success, nesting, brood production, and mortality rates were found for this review.
Only 27 treatment wetland sites, including 19 constructed wetlands and 8 natural wetlands, reported bird data. A total of 414 bird species is reported from these treatment wetlands in NADB v. 2.0. Constructed treatment wetlands are represented by 364 bird species and natural treatment wetlands by 176 bird species. Table 4‑12 summarizes information from those sites that reported quantitative bird data. 
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Of the bird species listed, 51 are waterfowl, 23 are wading birds, 24 are terns or gulls, 45 are shorebirds, 29 are raptors or scavengers, 7 are fowl-like, and 235 are passerine or nonpasserine land birds (Table 4‑13). Approximately 45 percent of the total of 414 species reported from treatment wetlands are commonly considered to be wetland-dependent for some portion of their life history.

Bird species counts and population densities vary between sites, and even at a single treatment wetland site on a seasonal basis. For example, the Hayward marsh in California (Site No. 51) recorded population densities ranging from 34 to 280 birds per hectare during monthly counts. Two demonstration-scale constructed wetlands are being studied at Phoenix, Arizona (Tres Rios, Site No. 112). Bird species numbers by month for the Hayfield (Figure 4‑3) and Cobble (Figure 4‑4) sites reflect this variability, and total species counts for a year are much higher than for any individual month (61 species at the Cobble site and 66 species at the Hayfield site). These two sites are less than 0.5 mile apart and have very similar area and vegetation, but are adjacent to different natural riparian systems. Table 4‑14 presents detailed bird data from the Tres Rios demonstration treatment wetlands by bird group. Nonpasserine land and passerine birds make up the largest species category. Shorebirds, waterfowl, and wading birds are also important categories. Total bird densities averaged 295 birds per hectare at the Cobble site and 294 birds per hectare at the Hayfield site. These high densities are dominated by yellow-headed blackbirds (Xanthocephalus xanthocephalus), with 150 and 153 birds per hectare, respectively.

Bird densities in other wetlands in the arid west may be compared with the results reported here. Total densities vary with season and with the relative structural configuration of marshes. For example, detailed studies of marsh bird densities of virtually monotypic stands of cattails and/or bulrush on the Lower Colorado River found seasonal totals ranging from 8 to 9 per hectare (Ohmart et al., 1988). Marshes with more than 75 percent water showed a broader range, with bird density ranging from 5.8/ha in summer to 13.5/ha in fall (Ohmart et al., 1988). These ranges are much lower than the average bird 
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densities measured at the Tres Rios Wetlands. Differences between the wetlands may be attributable to differences in wetland size, adjacent vegetation, and proximity to major avian flyways.

Wading bird species diversity (Figure 4‑5) and density (Figure 4‑6) were measured at the constructed treatment wetland site in Iron Bridge, Florida (Site No. 13) in 1991 and 1992. Number of wading bird species ranged from 6 to 11 and densities ranged from about 0.11 birds per hectare to 0.54 birds per hectare.

Quantitative bird counts were also made at the constructed treatment wetland in Lakeland, Florida (Site No. 1) in 1996 (Table 4-15 and Figure 4-7). Species counts ranged from 39 to 74 species during each survey, including 8 to 13 wading bird species, and bird densities ranging from about 4 birds per hectare to over 18 birds per hectare.

Bird observations for the constructed treatment wetland in West Jackson County, Missis​sippi (Site No. 18) are summarized in Figure 4‑8 and Table 4‑16. Monthly bird counts during 1991 noted between 8 and 38 species per count, with a total of 60 bird species for the year. Bird population densities ranged from 2.8 to 54 birds per hectare and averaged 19.5 birds per hectare.

Bird counts at the constructed treatment wetland in Collins, Mississippi (Site No. 109) from 1991 are summarized in Figure 4‑9 and Table 4‑17. Thirty‑five bird species were identified from the wetland; bird density averaged 7.2 birds per hectare.

Bird populations were studied at the Des Plaines, Illinois, constructed treatment wetlands (Site No. 206) before and after project startup (Table 4‑18). A total of 22 species was observed during the breeding season in 1985 before construction began, and from 30 to 37 species were observed during breeding season counts in 1990 and 1991 with the wetland project. Spring migration waterfowl and wading bird counts were also made at this wetland (Table 4‑19). Number of waterfowl species observed during the first 7 weeks of migration rose from 3 to 14 (1990) and 15 (1991) species with the project. Total waterfowl and wading bird densities at this site were between 691 and 929 birds during the spring migration counts and between 363 and 478 birds during the fall migration counts.

Detailed bird population data from natural treatment wetlands at Houghton Lake, Michigan (Site No. 209) and Vereen, South Carolina (Site No. 22) are presented in Tables 4‑20 and 4‑21. Total number of bird species recorded at the Houghton Lake site (based on three transects combined) were between 34 and 45 from 1978 through 1989 and have declined somewhat more recently. Total number of bird species at Vereen varied from 
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35 to 45 during the first 5 years of operation, compared with 41 species during the baseline study.

Certain parasites and diseases can reduce bird populations in wetlands. The most common disease affecting waterfowl is avian cholera, a bacterial infection resulting in rapid death and infection of other birds. Avian botulism results when Clostridium botulinum grows in anaerobic soils, creating the secretion and resulting concentration of a toxin. Ingestion of large amounts of this toxin is fatal to waterfowl at some wetland locations. A parasite that is known to infect wading birds feeding on small fish in Florida wetlands is Eustrongyloides ignotus (Spalding, 1990). 

Avian cholera is a highly infectious disease caused by the bacterium Pasteurella multocida (Friend, 1987). Death can occur in as little as 6 to 12 hours following exposure. Migratory waterfowl concentrated in wetlands are particularly susceptible to this infection, and many other wetland-dependent bird species can also be infected with the disease. The disease has been reported throughout the United States, but the greatest areas of concentration and highest mortality of waterfowl are in the Central Valley and Tulare Lake Basins of California, the Texas Panhandle, and Nebraska’s Rainwater Basin. No consistent occurrences of avian cholera in inland wetlands are associated with the Atlantic Flyway.

Avian cholera has been reported at only one treatment wetland, the Hayward Marsh on the east shore of San Francisco Bay, south of Oakland. Annual episodes of avian cholera have been noted at this site for the past 6 years. Birds are collected, counted, and disposed of to reduce spread of the disease. The average number of infected waterfowl collected during the past 6 years has been 127 per year (15 to 340 birds per year). This wetland receives very high waterfowl populations during the fall months, with peak numbers above 30,000 birds per day. Also, avian cholera is encountered in nearly all wetlands in and around San Francisco Bay. For these reasons, there appears to be no relationship between the avian cholera observed at this location and the source or quality of the water treated at this system.

Avian botulism is a paralytic disease of birds caused by ingesting a toxin produced by Clostridium botulinum. Seven distinct types of the toxin have been identified. Waterfowl and other wetland birds appear to suffer most from Type C and Type E toxins. Most cases of avian botulism have been reported from the western United States, although nearly all areas of the country have had some reported cases. Insufficient evidence is currently available to identify the specific causes of outbreaks of avian botulism. 

Some conditions typical of treatment wetlands appear to be favorable for the disease, including shallow water with rapid seasonal warming of soils and water quality leading to high contents of organic matter and seasonal anaerobic conditions. Fluctuating water levels are thought to result in dying vegetation and death of aquatic invertebrates, providing growth material for the bacterium. Treatment wetlands that rely on municipal wastewater typically have fairly consistent water levels and do not typically result in die-offs of macrophytic plants during the warm season. No data linking avian botulism to any conventional municipal effluent treatment wetlands were discovered during the review for the ETI habitat and wildlife use project. Preliminary reports of the presence of avian botulism at a wetland receiving filter backwash from a municipal wastewater project in Tucson, Arizona were received after the electronic database was updated. Avian botulism is known to occur in western wetlands that receive agricultural return flows and drain waters. Botulism has also been observed to occur in deep water wetlands and rivers with high oxygen levels (National Wildlife Research Center, Madison, Wisconsin, unpublished data, 1992). Although wastewater discharges and treatment wetlands have been implicated with the propagation of this disease (Friend, 1985; Eustrong, 1987), no specific case histories are available. 

Only a few studies of the occurrence of eustrongylidosis in wetland wading birds have been conducted (Frederick and McGehee, 1994). The most comprehensive study to date was at the Everglades Nutrient Removal (ENR) project in south Florida (Site No. 92, South Florida Water Management District [SFWMD], 1997). Of 12,000 individual fish and 19 species sampled and analyzed during this study, none was infected with the nematode responsible for eustrongylidosis.

Mammals

Forty mammal species are recorded in NADB v. 2.0 (see Appendix Table D-4). A total of 19 species is reported from 5 constructed treatment wetland sites and 30 species from 5 natural treatment wetland sites. Table 4‑22 lists mammals observed during routine monitoring at the Vereen Natural wetland site in South Carolina. Between 9 and 12 mammal species were sighted regularly.

Quantitative data on mammal populations are limited in the database to small mammal surveys at the constructed treatment wetland in Iron Bridge, Florida (from the downstream Seminole Ranch wetlands that receive the discharge from Iron Bridge) and at the natural treatment marsh in Houghton Lake, Michigan. Densities at Iron Bridge ranged from 2.0 to 
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37 individuals per hectare with from 1 to 3 species collected on each sample date (see Figure 4‑10 for trends before and after discharge to Seminole Ranch). 

Mammal densities at Houghton Lake ranged from 140 to 213 individuals per hectare with 2 to 7 species per transect in 1979, and 7 to 213 individuals per hectare with 1 to 3 species per transect in 1989. Table 4-23 summarizes small mammal monitoring results on three transects at Houghton Lake from 1979 until 1989. These transects were located at 15 m, 250 m, and 500 m downstream of the treated effluent distribution line. Higher small mammal densities and diversities have generally been obtained closer to the distribution pipe in an area of leatherleaf and low birch with some cattail component. Small mammal populations at the most distant transects began to decline in 1986 and went to zero at all the most distant transects by 1992. The researcher at this site (Ludwig, 1993) hypothesized that wetland-wide water budget changes may have seasonally interfered with small mammal reproduction. These factors were assumed to be either increased wastewater loadings (despite the observation that evapotranspiration losses were increasing in proportion) or logging of trees adjacent to the wetland.

Summary and Data Needs

Qualitative and quantitative studies of animals inhabiting constructed and natural treatment wetlands have revealed that these ecosystems provide attractive and productive habitats. All trophic levels are represented, from microscopic invertebrates to macroinvertebrates, fish, herptiles, birds, and mammals. Numbers of species appear to be generally similar between constructed and natural wetland sites. However, insufficient quantitative faunal data currently exist to correlate population diversity or density with treatment wetland design criteria such as pretreatment water quality, mass loading for key pollutants and nutrients, water depth, vegetation types, etc. Essentially all conclusions concerning relationships between wildlife populations and wetland design must be based on other studies or are currently anecdotal. This lack of correlative power emphasizes the need for well-designed, quantitative studies of wildlife populations conducted in the context of controlled treatment wetland research projects.
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