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Vegetation in Treatment Wetlands

Introduction

The wetland environment is generally characterized by a diversity and abundance of plant species (Mitsch and Gosselink, 1993). Plant groups common to wetlands include microscopic algae; macroscopic algae; ferns; liverworts; and macrophytes, including herbaceous (soft tissue) and woody species. Wetland environments are most frequently dominated by relatively luxuriant growths of emergent macrophytes. In some cases, this includes multiple vertical strata ranging from groundcover species to shrubs and sub-canopy trees to canopy tree species. While algae do form an important biological component in some wetlands (Vymazal, 1996), they are infrequently dominant and have not been studied to any significant extent in treatment wetlands. For these reasons, algae in treatment wetlands are not discussed further in this section.

The U.S. Fish and Wildlife Service (USFWS) has listed more than 6,700 species of obligate and facultative wetland plant species in the United States. Obligate wetland plant species are defined as those found exclusively in wetland habitats, while facultative species are those that may be found in upland or wetland areas. Godfrey and Wooten (1979, 1981) list more than 1,900 (739 monocots and 1,162 dicots) macrophytic plant species in wetlands in the southeastern United States.

Wetland plant diversity is important in determining wildlife diversity because of the creation of niches associated with differing vegetative structure, reproduction strategies, flowering and seeding phenologies, gross productivity, and rates of decomposition. In addition to their diversity of species and growth habitats, wetland plants are important in treatment wetlands because of the physical and chemical structure they provide for microbial populations. 

The importance of wetland plants can be assessed through the use of qualitative and quantitative measures. Lists of plant species provide an overall qualitative inventory of the diversity that is present and the ability of a wetland plant community to adapt to fluctuating environmental conditions. Quantitative measures of dominance, density, and frequency of plants species are direct indicators of ecological structure and can be compared between treatment wetlands and control sites to assess differences. Quantitative functional measures of wetland macrophytic plant populations include primary productivity (gross and various measures of net productivity), litterfall, and decomposition. These measures provide a method to compare the functions of constructed and natural treatment wetlands and to compare treatment wetlands with control wetlands that are not receiving wastewaters.

Plant Communities

A variety of plant communities occur in treatment wetlands and were previously described in terms of dominant species in NADB v. 1.0 (Knight, et al. 1993). Only the three most dominant plant species occurring in each treatment wetland were recorded in NADB v. 1.0. Table 3-1 lists these wetland plant species. While this list provides a useful summary of the dominant species that occur in many treatment wetlands, it is highly simplistic and does not reflect the diversity that occurs in some systems. NADB v. 2.0 provides a much more complete picture of the plant diversity and species dominance that exists in treatment wetlands. 

Constructed treatment wetlands are dominated by emergent marsh, floating aquatic plant, or submerged aquatic plant communities. In some cases these constructed treatment wetlands are dominated by populations of filamentous algae because marsh plant species have had difficulty becoming established. Emergent marsh species are frequently intermingled and co-dominant with populations of small floating aquatic plants such as duckweed (Lemna spp.). Most constructed treatment marshes in the United States are dominated by cattails (Typha spp.) or bulrush (Scirpus spp.); however, many treatment marshes are dominated by other species or by a complex admixture of plant species that includes cattails and bulrush. 

Natural wetlands used for water quality treatment may be dominated by emergent marsh plant species, by tree species, or by shrub species. Dominant species in natural wetlands used for water quality treatment vary regionally, depending upon the types of wetlands that are locally available. In the southeastern United States, the dominant forested wetland types that have been used to receive and polish wastewaters include cypress (Taxodium spp.), gum (Nyssa spp.), bay (Gordonia lasianthus, Magnolia virginiana, and/or Persea spp.), red maple (Acer rubrum), titi (Cyrilla racemiflora and Cliftonia monophylla), willows (Salix spp.), ash (Fraxinus spp.), and oaks (Quercus spp.). In the northcentral United States, forested wetlands receiving wastewaters are dominated by spruce (Picea  spp.), willow, and birch (Betula spp.). In the northwestern United States, natural shrub eq \O(/, )forested wetlands that receive treated wastewaters are dominated by alder (Alnus rubra) and sitka spruce (Picea sitchensis). 

Table 3-1

In the upper midwest and northeastern United States, natural marshes dominated by cattails have received a variety of wastewater discharges. 

Many constructed and natural treatment wetlands undergo plant succession during their operational life. Constructed marshes tend to remain as marshes as long as flooding is nearly continuous and water depths exceed about 5 centimeters (cm). At shallower water depths and under conditions that allow germination of woody species (such as at Orange County, Florida, Site No. 5), plant succession moves from herbaceous marsh plant species through shrubs and small trees, to a forested wetland. 

Natural treatment systems may undergo succession also. Observed succession in the immediate vicinity of treated effluent distribution at the Bear Bay wetland near Myrtle Beach, South Carolina, and in forested wetlands in northcentral Michigan (Bellaire and Kinross) was from densely forested to open forest eq \O(/, )marsh. The water regime and nutrient quality conditions at these wetlands killed sensitive tree species and promoted growth of herbaceous and woody ground cover and shrubs. Other forested natural treatment wetlands have been observed to continue their normal succession by adding tree basal area over time. Specific instances of this forest maturation are cited below for natural wetlands in the southeastern United States. 

Plant Species Diversity

Table 3-2 summarizes the number of plant species reported for the treatment wetlands in NADB v. 2.0. More than 800 species of macrophytic plants have been reported in natural and constructed treatment wetlands. Appendix C provides a complete list of these species as well as their plant group, their USFWS wetland classification (if any), and their occurrence in constructed and eq \O(/, )or natural treatment wetlands. Of the 800 plant species, 693 species are emergent herbaceous macrophytes, 36 are floating aquatic species, 12 are submerged aquatics, 57 are shrubs, 55 are trees, and 18 are vines. A total of 593 macrophytic plant species has been reported from constructed treatment wetlands, and 427 species from natural treatment wetlands. Emergent herbaceous macrophytes account for 501 species in constructed treatment wetlands and 290 species in natural treatment wetlands. A significant variety of tree and shrub species occur in a few constructed wetlands (primarily in the constructed cells of the Orange County, Florida, system (NADB v. 2.0 Site No. 5). Tree and shrub species are well represented in natural treatment wetlands with 88 different species recorded. 

Table C-16 (Appendix C) summarizes the number of plant species that occur at each of the systems in NADB v. 2.0. While this table provides some insight into the plant diversity at 
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each of these sites, the level of investigation varied widely between sites and these numbers should be considered as the minimum number of plant species at each site. Data for a large number of constructed wetlands built to treat concentrated animal wastes are included in NADB v. 2.0. The total number of plant species recorded in these very highly loaded treatment wetlands varied from 1 to 9 species at each site; however, none of these sites had detailed floristic surveys.

Plant Dominance, Density, and Frequency

Emergent herbaceous plant communities can be quantitatively sampled by use of line-intercept transects or quadrats. These plant ecology techniques provide measures of plant cover by species, plant frequency, and in some cases plant density, height, or biomass. Plant communities in forested wetlands are often quantified through measurements of dominance, density, and frequency. These three quantitative measures can be used to calculate importance value, a relative measure of the contribution of individual tree species in a forest. 

A limited amount of quantitative plant cover, dominance, density, and frequency data has been reported from treatment wetlands. Table 3-3 summarizes the treatment wetland systems reporting quantitative plant ecology data. A very limited amount of plant biomass data is available from treatment wetlands. The average biomass recorded from the constructed marsh systems in Sacramento, California, during the winter and spring seasons was 1,445 grams per square meter (g/m2) with a range of values from 260 to 3,620 g/m2. 

Quantitative tree data were available from six natural treatment wetland systems, all located in South Carolina and Florida. Average tree basal areas ranged from about 17 square meters per hectare (m2/ha) at the Carolina Bay Vereen Site (Site No. 22) near Myrtle Beach, South Carolina, to 144 m2/ha in a mixed cypress eq \O(/, )maple wetland at the Orange County, Florida, Eastern Service Area site (Site No. 5). Tree density data are also summarized in Table 3-3. The range of average densities is from a low of about 400 stems per hectare (after a five-year decline from 1,000 stems per hectare) at Central Slough, South Carolina (Site No. 12) to a high of about 7,000 stems per hectare at Reedy Creek, Florida, WTS 1 (Site No. 9).

Changes in tree dominance and density have been observed at several wetlands receiving inputs of municipal wastewater (Kuenzler, 1990; Kadlec, 1983; Kadlec and Bevis, 1990; Kadlec and Knight, 1996). The Bellaire, Michigan treatment wetland (Site No. 201) received treated municipal wastewater starting in 1973 (Kadlec, 1983). This natural peatland was forested at the time the project was started with northern white cedar (Thuja occidentalis), 

Table 3-3 (1 of 3)

Table 3-3 (2 of 3)

Table 3-3 (3 of 3)

spruce (Picea mariana), and black ash (Fraxinus nigra). Populations of these species were effectively decimated within a zone about 30 meters (m) surrounding the various wastewater discharge points. Tree mortality occurred within spray zones during an initial period of operation. During a subsequent period when effluent was distributed with a gated pipe, tree mortality occurred from root exposure and wind throw. Black ash was affected least by the discharge. Areas where trees were killed were quickly colonized by cattails (Typha spp.) and jewelweed (Impatiens capensis). 

Relatively few natural treatment wetland systems have been intensively monitored using quantitative methods. Table 3-4 documents changes in tree dominance and density in the Carolina Bays (Site No. 22) over the five-year period after discharge was begun (January 1987). While total dominance and density increased during this period, individual species populations declined. Upland and transitional wetland (facultative) species including loblolly pine (Pinus taeda), sweetgum (Liquidambar styraciflua), and oaks (Quercus spp.) populations have stopped increasing or have declined in dominance and density. Obligate wetland species such as pond cypress (Taxodium ascendens) and black gum (Nyssa biflora) populations continue to increase.

Tree data for the Pottsburg Creek Swamp near Jacksonville, Florida (Site No. 4) were published by Winchester and Emenhiser (1983) and are summarized in Table 3-5. This swamp had received secondary treated municipal effluent for about 14 years at the time of this study. Dominant tree species were pumpkin ash (Fraxinus profunda), red maple (Acer rubrum), black gum, sweet gum, and bald cypress (Taxodium distichum). Total basal area was measured as 36.5 m2/ha in the central region of the swamp, and density was about 1,468 trees per hectare. In spite of these high numbers, canopy of these trees was noticeably thinned compared with other portions of the swamp and control sites. 

At Central Slough, South Carolina (Site No. 12), most trees in the immediate vicinity of the treated wastewater discharge have died. Tree mortality declines with distance from the discharge, but the most sensitive species have been detrimentally affected throughout the flooded swamp area. Careful analysis of water quality and hydrology in Central Slough and in the adjacent control sloughs indicates that both factors have affected tree growth and survival. Increased hydrologic loading from the wastewater discharge as well as the attraction of beavers to this perennial flow changed the swamp water regimen, which in turn affected tree growth in the control sloughs. However, water quality was presumed to have affected tree growth in Central Slough the most, primarily because of elevated concentrations of total ammonia nitrogen (in excess of 30 milligrams per liter [mg/L] for extended periods each year) and resulting anaerobic water conditions. The effect of water 
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quality appears to be indirect: dense growths of duckweed resulted in poor reaeration and high organic loading and oxygen demand.

Two other systems that experienced canopy and subcanopy changes from water regime changes were the Reedy Creek WTS 2 (Site No. 9) near Lake Buena Vista, Florida, and the Orange County, Florida, Eastern Service Area “Jurisdictional Wetland.” Reedy Creek WTS 2 had been drained and relatively dry for about 20 years before treatment of the highly treated municipal effluent was begun. Peat subsidence in this area was greater than 18 inches and many small trees had become established at the lower elevation on the eroded peat. These trees included swamp bay (Persea palustris) and sweet bay (Magnolia virginiaina). The tree species and most of the ground cover dominated by fern species died shortly after water levels were raised in this swamp forest. 

Significant tree and shrub mortality occurred during a five-year operation in the second natural wetland cell (Jurisdictional Wetlands) at Orange County because of the increased water level resulting from the continuous discharge (average water level increase of about 0.5 feet). Table 3-6 summarizes changes in basal area and stem density of canopy and subcanopy woody species at this site. While black gum dominance and density was generally unaffected, populations of red maple, loblolly bay (Gordonia lasianthus), dahoon holly (Ilex cassine), fetterbush (Lyonia lucida), and red bay declined dramatically (University of Florida et al., 1996). Stem density of sweet bay increased dramatically in this area after the canopy opened. Species composition and importance value of all woody species did not change significantly in the Treatment Wetlands (first natural wetland cell) and in the Exit Wetlands (third natural wetland cell); both areas also received the highly treated input of municipal wastewater.
Primary Productivity

Biomass estimates in marsh wetlands provide one index of net plant productivity on a seasonal basis. The biomass estimates summarized above indicate that treatment wetland marshes have high net production compared with many nontreatment marshes. 

No direct estimates of net primary productivity were recorded in NADB v. 2.0. However, the database includes litterfall rates from two natural forested wetlands (Orange County, Florida, and Bear Bay, South Carolina). Litterfall may be used as a measure of net primary production (Mitsch and Gosselink, 1993).

Total average annual litterfall rates at the Orange County natural wetland areas for 1989 through 1993 (Table 3-8) were 0.52 grams per square meter per day (g/m2/d) with a range 
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Average Litterfall (g/m2/d) for 1989-1993, Orange County, Florida (Site No. 5)


Treatment
Jurisdictional
Exit
Control

Plant Species
Wetland
Wetland
Wetland
Wetland

Acer rubrum
0.0002
0.0608
0.0008
0.0632

Magnolia virginiana
0.0079
0.0518
0.0004
0.0705

Nyssa biflora
0.0203
0.0673
0.0378
0.1312

Ilex cassine
0.0225
0.0021
0.0026
0.0165

Taxodium ascendens
0.1707
0.0226
0.4204
0.0001

Myrica cerifera
0.0367
0.0148
0.0069
0.0076

Misc. stems
0.0633
0.1548
0.0832
0.1167

Misc. flowers
0.0674
0.0585
0.0867
0.0479

Misc. leaves
0.0121
0.0091
0.0077
0.0116

Other leaves
0.0373
0.0266
0.0057
0.0230

Total
0.4384
0.4682
0.6522
0.4882

from 0.34 to 1.64 g/m2/d. Cell 2 (Jurisdictional Wetland) at Orange County is a natural forested wetland area and had an average annual litterfall rate of 0.47 g/m2/d in 1989 through 1993. 

The average annual daily litterfall rate at Bear Bay was 1.40 g/m2/d from 1988 through 1991 with annual averages ranging from 1.11 to 1.58 g/m2/d. 

For comparison, Mitsch and Gosselink (1993) have summarized litterfall rates from southeastern deepwater swamps and floodplain forested wetlands. The range of values presented for deepwater swamps is 0.17 to 2.08 g/m2/d with an average value of 1.34 g/m2/d. For floodplain forest, the average and range, respectively, of litterfall values is 1.30 (1.13 to 1.57) g/m2/d. The few litterfall rates summarized from treatment wetlands are comparable to values from natural forested wetlands and adjacent natural controls.

Plant Decomposition

Litter decomposition rates measure an important component of the carbon and nutrient cycling in wetlands. The decomposition rates of individual plant species differ greatly because of their variable cell structure and lignin composition. To compare decomposition rates seasonally or between differing treatments, it is necessary to work with individual plant species. Litter decomposition rates are available in NADB v. 2.0 from two treatment wetlands, Bear Bay in South Carolina and the Orange County Eastern Service Area in Florida. At the South Carolina site, decomposition rate for leaves of the dominant shrub species, Lyonia lucida (fetterbush), was used for comparison over time and with distance from the point of wastewater discharge. Figure 3-1 summarizes the decomposition rate for fetterbush leaves between a control area and an area of the forested wetland affected by the discharge of secondary municipal wastewater. For this system, the presence of the shallow flooding caused by the discharge of treated wastewater nearly doubled the decomposition rate of this one species. 

For the wetlands in Orange County, Florida, the decomposition rate was estimated for all plant litter including fetterbush leaves (Table 3-8). Average decomposition rates for leaves were also higher at this site in the treatment cells than in the control wetland for fetterbush, sweetbay, black gum, and pond cypress.

table 3-8

Average Decomposition Rate (k, yr-1) and Half-Life ((1/2 , d) for Leaves of Four Species at Orange County, Florida


Treatment Wetlands

Jurisdicational Wetland

Exit
Wetland

Control Wetland

Plant Species
k
(1/2

k
(1/2

k
(1/2

k
(1/2

Lyonia lucida
1.01
251

0.98
258

1.31
193

0.65
392

Magnolia virginiana
1.50
169

1.20
211

2.81
90

1.15
221

Nyssa biflora
1.40
180

1.23
205

2.09
121

1.26
201

Taxodium ascendens
0.87
289

0.87
292

2.11
120

0.79
320

Summarized from University of Florida, 1996.

Organic Carbon Export

All wetland ecosystems fix inorganic carbon in the form of reduced, organic carbon through the process of photosynthesis. Most wetland ecosystems also receive imports of fixed carbon from upstream ecosystems. While much of this reduced carbon received from imports or internally produced is used within the ecosystem for heterotrophic growth and respiration, a portion of it typically crosses the boundary of the wetland ecosystem and is considered as export to the next ecosystem downstream. The export of reduced carbon to downstream ecosystems is considered to be an important function for wetlands (Mitsch and Gosselink, 1993). 

In NADB v. 2.0, no data specifically quantify the amount of total organic carbon (TOC) exported from surface flow treatment wetlands. However, the database has abundant infor​mation on the five-day biochemical oxygen demand (BOD5) concentration of treatment wetland outflow waters. BOD5 is a crude indicator of the amount of reduced carbon in a water sample. Kadlec and Knight (1996) indicate that BOD5 may underestimate the amount of TOC in water samples from natural wetlands (for example, the ratio of BOD5:TOC was 1:5 for 
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a northern peat-based wetland) and is a better estimator of TOC in municipal wastewaters. Although BOD5 is not routinely measured in natural wetland water quality studies, available data indicate that values are typically less than 1 mg/L. Figure 3‑2 illustrates the inlet and outlet concentrations of BOD5 for surface flow treatment wetlands in NADB v. 2.0. Outlet (export) BOD5 concentrations average about 6 mg/L and may be much higher or lower, depending on BOD5 loading rates. These data indicate that treatment wetlands receiving secondarily treated municipal influents typically export more reduced carbon than natural wetlands, and that lightly loaded treatment wetlands may have BOD5 (and TOC) outlet concentrations roughly equivalent to natural wetlands.

Summary and Data Needs

Treatment wetlands are typically dominated by dense growths of wetland-dependent plant species. These plant communities are similar in ecological structure and function to natural wetland plant communities. 

A variety of plant communities is used in treatment wetlands, including marshes, shrub swamps, and forested swamps. While most constructed treatment wetlands are marshes, a few constructed treatment systems are developing shrub and swamp characteristics over time, either intentionally or through volunteer plant colonization and succession. On the other hand, natural forested wetlands receiving secondary treated municipal wastewaters have been partially converted to marshes in several areas of the United States. Other forested wetlands receiving higher quality municipal wastewaters (advanced secondary with nitrification or tertiary with phosphorus removal) have maintained their canopy dominance over significant periods of time. More long-term, ecosystem-level studies are needed for both constructed and natural treatment wetlands under a variety of geographical and pollutant loading conditions to fully describe the parameters most predictive of plant community development in treatment wetlands.

Wetland plant diversity is a poorly understood subject, both in unaffected natural wetlands and in treatment wetlands. Wetlands are frequently dominated by a few plant species (for example, cypress swamps, cattail, sedge, or sawgrass marshes) that are best adapted to stressful environmental conditions such as low nutrient levels, low soil oxygen levels, or fluctuating water levels. Other unaffected natural wetlands have higher plant diversity and greater evenness between multiple dominant plant species. Both constructed and natural treatment wetlands cover the same range of plant dominance and diversity of unaffected natural wetlands. Information collected for NADB v. 2.0 indicates that hundreds of plant species occur in a variety of treatment wetlands. Even when treatment wetlands are dominated by cattails or bulrush, dozens of other herbaceous and woody plant species are 
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typically present. Data from a few natural treatment wetlands indicate that existing diversity may be reduced by the presence of a wastewater discharge (for example, Houghton Lake, Michigan), or diversity is either maintained or increased following the initiation of a discharge to other wetlands (Bear Bay, South Carolina). The effect of treated wastewater discharges on plant diversity in natural wetlands depends on the scale of the project: within the zone of greatest influence, plant diversity may be altered or reduced substantially, but over the scale of the entire project area, wetland diversity may be increased by the addition of new plant species associated with the discharge. 

Total plant cover and dominance data do not indicate any observable difference between treatment and nontreatment wetlands for these indices. However, biomass data from Houghton Lake, Michigan, indicate that discharge of secondary municipal wastewater to a natural, low-nutrient sedge marsh will greatly increase plant biomass. Biomass estimates from a number of treatment marshes in addition to Houghton Lake (Seneca Army Depot, New York; Vermontville, Michigan; and Benton, Kentucky) indicate that treatment wetland plant communities have plant biomass values at or above the high end of the scale for unaffected natural marsh wetlands. 

Very few data have been collected that measure the ecological function of treatment wetland plant communities. High plant growth rates are apparent from many treatment marshes; however, clip plots, gas metabolism studies, litterfall studies, or other methods for estimating net primary production have been conducted at only a few locations. Litterfall rates in at least two natural forested treatment wetlands are comparable to unaffected natural forested wetlands. Otherwise, the presence of high plant biomass or increasing tree dominance over time in constructed and natural treatment wetlands is the best available indicator that these systems are functioning as productive ecosystems.

Other ecological functions related to the carbon cycle through wetland plants have been largely ignored in treatment wetland studies. Decomposition rates in treatment wetlands compared with natural wetlands appear to be higher because of greater organic carbon inputs and the continuous presence of water. The proportion of that reduced carbon cycling through the wetland plants may be very different between treatment and nontreatment wetlands, and the quantities and forms of organic carbon being exported across the system’s boundaries are likely to be different. More comprehensive studies of the total carbon cycle in treatment wetlands would help quantify the relative importance of these similarities and differences.

gnv/971880016-CJB76.DOC
3-1
10
gnv/971880016-CJB76.DOC
3-11

