Chapter 4: VASCULAR PLANTS

USE AS INDICATORS 

Wetland plants have many characteristics suited to biological assessments of condition including: their ubiquitous presence in wetland communities, their relative immobility, the well developed protocols for sampling, and their moderate sensitivity to disturbances (for herbaceous species). Disadvantages of using wetland plant assemblages as biological indicators are that plant species presence and distribution closely reflects wetland hydroperiodicity and that plant response to anthropogenic disturbances and natural wetland variability is difficult to distinguish, especially due to changes in hydropattern (Adamus and Brandt 1990, Danielson 1998).

Sampling procedures for plants are well defined, and several studies have discussed ways of refining sampling protocols to reduce environmental impact (Hsieh 1996), simplify and better quantify statistical analysis (Almendinger {no date} and TerBraak 1986), and fully and effectively characterize the community (Peet et al.. 1996, Division of Environmental Services 1998, Brown 1991, HDR 1992, Brooks and Hughes 1988). Plant community development is often monitored in wetland restoration and construction in Florida as a surrogate to ecosystem remediation and health (Brown et al.. 1997) and the literature is replete with information on constructed wetlands for stormwater and wastewater treatment, as mitigation of losses, and for reclamation on phosphate mined lands (Erwin et al. 1997). 

Possible plant metrics include: total species richness, abundance of graminoids (Cyperaceae, Poaceae and Juncaceae), abundance of Carex spp., presence/absence of Utricularia spp., a floating leaved guild metric, a decomposition metric (i.e., abundance of taxa with persistent litter), annual vs. perennial, and exotics vs. native (BAWWG Plant Focus Group 1997, Danielson 1998). Wetland plant species that are generally tolerant (i.e., increasers) and intolerant (i.e., decreasers) of disturbance (Table 4.1) are used by Southwest Florida Water Management District in a simple index of wetland health [Decreaser Species / (Decreaser + Increaser Species)]. 

Hoyer et al. (1996) as part of a statewide lake survey, sampled macrophyte communities in lake littoral zones. A range of physical-chemical measurements for each lake was also recorded. The book, titled Florida Freshwater Plants, summarizes a useful database of levels and ranges of physical and chemical parameters associated with aquatic plant species in Florida lakes. Because many freshwater plants common in Florida lakes are also component species in inland freshwater wetlands, this database provides information important to identification of stressor response signals in wetland plants. The reader is encouraged to use this compendium as a baseline to identify tolerance ranges of freshwater plants common in Florida wetlands in the development of biotic indicators. Table 4.2 lists Florida wetland plants found in lakes with high and low levels (i.e., levels significantly different than the study average) of selected physical and chemical parameters (phosphorus, nitrogen, pH, and salinity). The reader is also referred to other literature reviews on wetland plant response to stressors from other states and regions (Adamus and Brandt 1990, Danielson 1998). Table 4.3 lists potential plant species indicators of disturbance in inland freshwater wetlands of Florida, summarizing the following review.
Several reservations about the use of plants as indicators are noted. Jordan et al. (1997) found that variation in species composition was high between adjacent sites and within micro-habitats, but that at larger scales variability was reduced. This suggests caution in the use of sampling protocols and in subsequent analysis of sampled data to ensure that broad scale metrics are extracted and not indicators of local variability. Harris et al. (1983) argue that because plants integrate highly localized regions, plant assemblages are better used as surrogate indicators for birds, which can be used to assess landscape health. Tiner (1991) argues that wetland plants are unreliable as sole indicators of change in hydrologic regime or nutrient status. Rather, soil biogeochemistry and physical characteristics need to be used in concert with vegetation to avoid lag times in plant response to hydrologic alteration. 

Other issues concern plant identifications and the use of presence/absence metrics, particularly for annual wetland vegetation (BAWWG Plant Focus Group 1997). Briggs et al. (1996) propose that pre- and post-development plant inventories and long-term monitoring are necessary to adequately characterize effects. Crisman et al. (1997) and Bridges (1996) suggest that the high spatial and temporal variability in marsh plants preclude the selection of indicators, but that temporal trends at specific sites may provide more reliable information. Also a large number of rare and threatened plant species occur in wetlands, and although they may be inappropriate for use as robust indicators, their presence is important in wetland valuation (Ward {no date}).

Conclusions from theoretical ecology and modeling are important considerations for wetland plant indicator development. In a study of plant diversity and grassland stability (Tilman 1996) observed that biomass variability at the plant community level decreased with increasing richness but populations of specific taxa fluctuate more widely. This suggests that interspecific competition selects species adapted for current conditions, and phases others out, illustrating the need to distinguish between community measures and population dynamics. Another consideration is the distinction between disturbance regimes, and the possibility that a species may be an indicator of pristine conditions for one disturbance and an indicator of stress for another. From a grassland model of diversity and disturbance, Moloney and Levin (1996) conclude that plant species response was a function of disturbance architecture, implying that spatial and temporal autocorrelation of effects (contingency) was necessary to simulate ecosystem dynamics.

ENRICHMENT / EUTROPHICATION / REDUCED DISSOLVED OXYGEN

Nutrient enrichment affects wetland plant community characteristics, particularly annual, herbaceous and short-lived assemblages such as emergent, submerged and floating species (Adamus and Brandt 1990, Ewel 1990). Invasions in the Everglades sawgrass (Cladium jamaicense) communities by Typha domingensis and T. latifolia have inspired a plethora of studies on nutrient enrichment gradients that appear responsible. Doren et al. (1997) studied community shifts along a phosphorous enrichment gradient in the northern Everglades and documented the reduction of nutrient sensitive species such as Utricularia spp., Eleocharis spp., Nymphaea odorata, and Rhyncospora spp. In addition to Typha spp., non-native species such as Amaranthus australis and Rumex crispa increase in response to elevated nutrients. Biogeochemical studies identify phosphorus as a primary agent driving nutrient enrichment in the Everglades (Craft and Richardson 1997, Craft et al. 1995, Reddy et al.1993).  

Bladderwort (Utricularia spp.) has attracted attention as a potential early-warning indicator of nutrient enrichment. Moderate levels of P-enrichment in the water column encouraged growth of Chara spp., a macroalga, which replaced bladderwort several years before other measurable shifts in wetland plant community composition or dominance were apparent (Craft et al. 1995). Utricularia spp. is particularly sensitive to enrichment because the periphytic communities upon which it depends are highly nutrient sensitive, decreasing in dominance with subtle changes in water quality (Kushlan 1990).

Daoust and Childers (1999) examined the N:P ratios at which nutrient limitation occurs in the Everglades. Wet prairies were highly P-limited at N:P ratios above 36:1 and Cladium jamaincense remained dominant, with sub-dominants including Peltandra virginica, Pontedaria cordata, Saggitaria lancifolia and Panicum hemitomon. When N:P ratios dropped below this threshold, Typha spp. became increasingly dominant. Hymenocallis palmeri was shown to be N-limited and may signal a change in nutrient regime.

Several studies caution using Typha spp. as a direct indicator of P-enrichment. Maceina (1994) suggests that water levels have synergistically interacted with elevated nutrient levels to favor cattail growth, and that removal of the enrichment source may be insufficient to inhibit the pattern. Similarly, Kludze and DeLaune (1996) show that Typha spp. responds favorably to increased redox intensity, suggesting that hydropattern (depth and duration of flooding) plays an essential role in cattail colonization. David (1996) reports that Typha spp. invaded marsh communities in Lake Okeechobee in response to increased hydroperiod.  

Few recent papers were found on wetland plant community response to nutrient enrichment in regions other than the Everglades. Palis (1997) documented the effects of vegetation shifts due to silvicultural based enrichment in depression marshes on the flatwoods salamander.  Ewel (1990) reports that a general response to nutrient enrichment in forested wetlands of Florida is an increase in understory and floating vegetation such as Lemna spp. and Eichhornia crassipes. Hoyer et al. (1996) surveyed macrophyte communities in lake littoral zones throughout Florida listing species typical of eutrophic and oligotrophic conditions. 

CONTAMINANT TOXICITY

Effects of toxic substances are generally not manifested in wetland plant community assemblages (Adamus and Brandt 1990), though plants may concentrate contaminants at levels harmful to higher trophic organisms. Cooke and Azous (1993) found metal accumulation in plant tissues rose as a function of urban proximity. Tsuji and Karagatzides (1998) examined lead accumulation in northern marshes from spent gunshot and found no correlation between increased lead in soil and lead in plant tissue, which remained at background concentrations. Emergent or floating species with soft-tissue may be promising indicators of metal toxicity. Several studies document wetland plants propensity for toxic contaminant attenuation.  Best et al. (1997) studied the use of emergent and submerged plants to remove TNT and RBX (explosive materials) from contaminated groundwater in Iowa and concluded that Potamogeton nodosus, Ceratophyllum demersum and Phalaris arundinacea were most effective.  

In Florida, several studies have examined accumulation of metals in wetlands. Ton (1990) and Ton et al. (1993) studied the fate of lead from battery manufacturing in a North Florida swamp. A compendium volume of Ton’s research and others, edited by Odum et al. (2000), titled Heavy Metals in the Environment – Using Wetlands for Their Removal, provides description and analysis of the ecology, energetics and distribution of lead in swamps. The authors report slow lead accumulation rates in woody and shrub vegetation but effectively higher rates in fast growing species such as Eleocharis baldwinii and in components of woody plants with high turnover such as leaves and shallow roots. A conclusion is that marsh systems may be more effective sinks for lead due to shallow rooting of emergent macrophytes.

Miles and Fink (1998) examined the ability of constructed marshes to remove mercury and methyl-mercury from Everglades water. Mercury accumulated primarily in the soil, while methyl-mercury had large fractions in the soil, plants and animals. Marsh attenuation measured 70% and mercury bioaccumulation in large-mouth bass within the marsh was lower than in surrounding areas. McLeod and Ciravalo (1998) studied Boron removal by bottomland tree species, identifying Betula nigra, Nyssa aquatica, Platanus occidentalis and Taxodium distichum as tree species with the highest uptake, though no significant changes in growth parameters were observed. The authors conclude that at low concentrations, Boron is not toxic to bottomland hardwoods.

ACIDIFICATION

No studies were found in a search of the literature between 1990 and 1999 on the direct effects of acidification on inland freshwater wetland plants in Florida or the Southeastern Coastal Plain. In general, pH tends to be an important factor in northern depression and lacustrine wetlands (Adamus and Brandt 1990), and less so in southern swamps and marshes.  In Florida, depression wetlands dominated by Taxodium ascendens tend to have naturally occurring pH levels less than 5.5 (Ewel and Odum 1984). Hoyer et al. (1996) document freshwater plant species typically found in low pH lake fringe wetlands of Central Florida (Table 4.2), though the minimum pH documented in their lake study was 5.2, corresponding to pH levels of Florida freshwater wetlands receiving rain as the primary water source. Low pH associated with acid mine drainage is not common in Florida. 

Wetland plants found in phosphorus enriched sites are also common in sites with elevated pH. Acidification effects in Florida may be important by increasing solubility of underlying carbonate geology. Many of the carbonates contain phosphorus, and dissolution may enrich surrounding surface water (Reddy et al. 1993).

SALINIZATION

Gradients between saline and freshwater communities in Florida are generally delineable. Latham et al. (1994) used detrended correspondence analysis (DCA) to distinguish plant community composition of marshes in the Southeastern Coastal Plain along a salinity gradient. With increasing salinity (from oligo- to meso-haline) plant community composition  shifted from typical freshwater emergent plants (Pontedaria cordata, Saggitaria lancifolia) to typical salt-marsh plants (Spartina alterniflora, Juncus roemarianus), with Scirpus validus found across the salinity gradient. In hydric hammocks, a measurable species shift occurs with higher salinity with increased dominance by Juniperus silicicola and an understory of Baccharis angustifolia, B. halimnifolia, B. glomerulifolia and Iva frustescens (Vince et al. 1989). Cephalanthus occidentalis and Nyssa sylvatica var. biflora are both sensitive to salinity in excess of 2 ppt, with responses most evident in gross photosynthesis, stomatal conductance, water pressure potential, and stem and root biomass (McCarron et al. 1998). Under prolonged lower salinity, and in response to short term pulses of high salinity, Nyssa was more sensitive than Cephalanthus, though the authors conclude that neither species would survive long-term salinity exposure to 10 ppt. 

In general, however, despite an increasing potential of saltwater intrusion into ground and surface waters in Florida, particularly in the Lower Peninsula, the literature is limited. Hoyer et al. (1996) document freshwater plant species typical of above and below average lake pH in Florida lakes (Table 4.2). In their survey, salinity peaks at 90 ppm, which is lower than what might be expected in surface waters receiving saline inflows, but the results indicate a marked compositional shift.

SEDIMENTATION / BURIAL

Effects of sedimentation on freshwater inland wetland vegetation in Florida have not been widely studied, though sedimentation rates may be high in wetlands that are impacted by urban or agricultural runoff, and a considerable literature exists on the ability of wetlands to facilitate the settling of suspended sediments. In a study of storm water impacts on wetland vegetation Carr (1994) report a rapid compositional shift in vegetation under high sedimentation rates, with selection for Typha latifolia, Ludwigia peruviana and Mikania scandens, all registered nuisance species in Florida. Changes in plant composition dropped as sedimentation declined with distance from storm water source. 

In a study of the effects of sedimentation in central Pennsylvania wetlands, Wardrop and Brooks (1998) found specific species respond positively to increased sedimentation, but community indices such as richness and diversity were uncorrelated. In a related seed germination study, the authors recorded a reduction in seed viability even under low rates of sedimentation. Dittmar and Neely (1999) found seed bank response to sediments was significantly dependent on sedimentation rates but a non-significant function of sediment texture, with a marked decrease in seed germination with coarser sediments. The authors also documented reduced plant species richness and diversity under high sedimentation.

TURBIDITY / SHADING

Few studies were found in a search of the literature between 1990 and 1999 on the effects of turbidity and shading on plants in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) state that effects of turbidity and shading on wetland plants are most pronounced in submerged aquatic vegetation with excess turbidity resulting in shifts from rooted plants to floating plants or microphytes. Davis and Brinson (1981) introduced a ‘turbidity tolerance index’ for submerged aquatic plants as the ratio of depth maxima of a species to recorded Secchi transparency depth. Adamus and Brandt (1990) provide a list of turbidity-tolerant aquatic plants with several Florida examples (Valliseneria americana, Myriophyllum spicatum, Ceratophyllum demersum, Eichhornia crassipes, Elodea spp., Hydrilla verticillata and Lemna minor)
Grimshaw et al. (1997), studying macrophyte shading of periphytic communities in the Everglades, found that light transmittance by Typha spp. is 15% compared with 65% by Cladium jamaicense. Reduced light available for periphytic photosynthesis is predicted to influence the replacement of sawgrass by cattail. Reduced capacity to absorb enriched phosphorus due to loss of the periphyton community may further exacerbate the invasion. 

VEGETATION REMOVAL / PHYSICAL DISTURBANCE / FIRE SUPPRESSION

Physical disturbance here includes direct vegetation removal, cultivation, cattle grazing, fire and fire suppression, rooting by feral hogs, and off-road vehicle use. 

Typical plant responses to grazing and cultivation in Florida wetlands are outline in Winshester et al. (1995). Winshester et al. (1995) describe the displacement of Hypericum fasiculatum by grasses Digitaria serotina and Paspalum paspalodes and forbs Polygonum punctatum and Hydrocotyle spp. under high cattle stocking densities. Grazing may result in a selection of unpalatable species such as Juncus effusus. Arrington (1999) found that feral hog rooting significantly reduced plant cover and biomass in a broadleaf floodplain marsh, but increased plant species diversity and richness.

Conde et al. (1987) used Sorensen’s coefficient of similarity to compare effects of logging in adjacent flatwoods on wetland plant community composition and found herbaceous plant similarity corresponded to silvicultural extent. While woody vegetation similarity was not a robust indicator, the authors predict a greater dominance of bay species (Persea borbonia, Magnolia virginiana, Gordonia lasianthus) in cypress wetlands influenced by silviculture. A hydrologic model of flatwoods interspersed with cypress depressions (Sun et al. 1998) predicts increased runoff, sedimentation, and longer hydroperiods resulting from adjacent clearcuts, while selective harvests generate lower impacts. 

Fire is an important feature of Florida ecosystems and is often suppressed (Kushlan 1990, Ewel 1990, Gunderson 1994). Fire in hydric hammocks promotes a dominance of Sabal palmetto (Vince et al. 1989), and excessively hot fires due to litter accumulation may result in a compositional shift towards Pinus elliottii and P. taeda. Fire exclusion in marsh depressions  changes location and extent of vegetation zones (Winchester et al. 1985) with a Hypericum fasiculatum fringe typically invaded by shrubs Cephalanthus occidentalis and Salix caroliniana. H. fasiculatum seeds may be serrotinous, requiring fire for germination. Peat fires can arise if exposed to air for prolonged periods and where fire has been suppressed long enough to allow hotter fires to ignite the organic matter. Peat fires typically result in a shift from mixed emergent communities dominated by Pontedaria cordata to communities dominated by Rhyncospora spp. and Panicum hemitomon (Winchester et al. 1985). 

Effects of fire suppression and dehydration are closely linked (Ewel 1990). Drought induced shrub invasions into forested wetlands can promote greater fire frequency and burn intensity.  Kushlan (1990) suggests that rapid shrub and tree recruitment in marshes is a direct result of fire suppression, and that most of the plant species that invade are non-native. A study of wetlands in Osceola National Forest (Best et al. 1990) however, found that a composite index of wetland plant status (from 1 = obligate to 5 = upland) was unrelated to fire management. While hydrologic alterations and fire suppression together influence wetland plant community composition and zonation, metrics based on plant assemblages may not be robust enough to separate the stressors. Certainly though plant community characteristics are suitable indicators of cumulative impacts. 

Duever et al. (1981) document vegetative shifts due to off-road vehicles in Big Cypress Preserve in South Florida and found that off-road vehicle (ORV) impacts were most pronounced in regions with elevated water tables. Cladium jamaicense and Muhlenbergia spp. were most sensitive to ORV impact and were generally replaced by Bacopa carolinana, Utricularia spp. and Dichromena colorata. The response of Utricularia spp. is notable due to the genera’s known sensitivity to nutrient enrichment. Shem et al. (1994) and Van Dyke et al. (1993) studied vegetation shifts from placement of gas pipelines in North Florida and report that plant species diversity and richness were elevated in the right-of-ways (i.e., disturbed) areas and plant community similarity indices were significantly different. Dominant cover species in the ROW areas were primarily opportunistic non-natives (Micrantemum umbrosum and Paspalum notatum), and sub-dominants included Justicia ovata, Juncus marginatus and Panicum dichotomum. 

Broth (1998) found a shift from annual to perennial plant species in Montana wetlands was a robust indicator of cultivation stress: species of Eleocharis increased, while mosses and other non-vascular plants were highly sensitive and declined. Cultivation and grazing also resulted in an increased occurrence of dominant species compared with reference sites. The study also found that wetland edges were more affected than aquatic beds and that plant species generally migrate toward deeper water in the presence of grazing. This suggests that a comparison of plant rooting depths in reference and impacted wetlands might be an indicator of grazing stress.

Wetland plant responses to natural disturbance are difficult to separate from responses to human induced stress but responses may be amplified from coupled influences (Loope et al. 1994. Gunderson 1994). For example, the effects of Hurricane Andrew in 1990 on forest wetlands of the southern peninsula directly resulted in tree-falls, epiphyte removal and extreme hydrologic conditions. Long-term impacts, however, are related to the diffusion of non-native propagules into new regions and the proliferation of vines and ruderal species due in part to loss of canopy cover. 

THERMAL ALTERATION

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of thermal alteration on plants in inland freshwater wetlands in Florida or the Southeastern Coastal Plain.  Plant physiology is generally affected at extreme high (> 45o C) and low (< 0o C) ambient water temperatures. Adamus and Brandt (1990) state that changes in thermal regime can cause changes in production and shifts in herbaceous species composition of wetland plant communities. Danielson (1998) also located few studies on wetland plant response to temperature. Both reviews conclude that vascular plants are likely poor indicators of thermal alteration in freshwater wetlands. 

DEHYDRATION / INUNDATION

Hydrology is considered the principal variable directing wetland plant community structure and function (Mitsch and Gosselink 1993, Kushlan 1990, Ewel 1990). Wetland hydrology is determined by landscape position, hydraulics and primary water sources (Brinson 1993, 1995, 1996). Changes in the pattern (duration, frequency and timing) and magnitude of inundation affect plant growth rates and morphology, seed production, germination and diversity. Ewel (1990) notes that lengthening hydroperiod may have fewer effects on plant community composition than shortening it. Longer hydroperiods are generally more conducive to herbaceous plant communities (Sharitz and Gresham 1998). Reviews by Adamus and Brandt (1990) and Danielson (1998) document a vast literature on wetland plant response to hydrologic alteration in other states and from Florida studies prior to 1990. Several recent Florida studies characterize the plant effects of wetland drying and others have examined wetland plant response to water stage stabilization at abnormally high levels.

Wetland plant communities are commonly described using composite indices of state and federally assigned designations of typical hydric affinity for plant species. Wetland plant status is scaled from obligate (OBL) to upland (UPL) with intermediate designations (facultative -FAC and facultative wet - FACW). A test of wetland delineation techniques in Osceola National Forest found a high degree of correlation between wetland status metrics and hydric soil characters (Best et al. 1990). The strongest relationship was recorded for herbaceous plant species and no correspondence was measured for woody species and trees. A study of depression wetland ecotones in longleaf pine-wiregrass communities in southwest Georgia used wetland plant status designations to discern plant communities along a hydrologic gradient (Kirkman et al. 1998). The authors document consistent discontinuities in plant community composition and a delineated boundary identified by plants designated ‘facultative’, and suggest that frequent fire in part determined co-dominance of hydrophytes and non-hydrophytic plants and a high species diversity in the ecotone. Ormiston et al. (1995) studied floodplain swamps above a wellfield near Tampa and found that average wetland plant status was significantly higher (more ‘facultative’ and ‘upland’ species and fewer ‘fac-wet’ and ‘obligate’ species) in sites within the 3-ft and 1-ft draw-down contours than outside the cone of depression. 

Individual plant species response can be observed from hydrologic change. North of Tampa Bay, where groundwater pumping has significantly lowered aquifer levels, several indicators are observed including: more tree falls, increasing rates of limb loss, greater root exposure from higher soil oxidation and a higher occurrence of peat fires (ESE 1995, Ormiston et al. 1995, Rochow 1994). Wetland tree mortality increased at depths greater than 20 cm in the Ocklawaha River floodplain from elevated water levels after construction of the Rodman Reservoir (Harms et al. 1980). The regeneration of Taxodium spp. requires a specific sequence of hydrologic events (prolonged flooding followed by draw-down followed rapidly by moderate inundation) that is not likely to occur under an altered hydrologic regime (Ewel 1990).  Wood and Tanner (1990) report that tussock height (i.e., height of the meristem) of Cladium jamaicense was greater in sawgrass marshes with elevated water levels, rendering them more susceptible to mechanical disturbance such as airboats.  

Keeland and Sharitz (1997) studied the tree growth rates in forest depressions (Nyssa sylvatica and Taxodium distichum) under two hydrologic regimes: permanently flooded and periodically flooded. Growth rates were correlated with inundation depth for periodically flooded trees but not for permanently flooded ones, but no significant difference was measured between tree growth rates. 

Morphological changes in plants may also indicate restructured hydrologic regimes. A study in South Carolina of root response in Taxodium spp. to inundation (Megonigal and Day 1992) found that cypress trees that were permanently inundated had shallower roots, less overall below-ground biomass and greater leaf biomass than trees that were not continuously inundated. The presence of adventitious roots, intercellular air-spaces and distinctly different root colors and textures were also noted. The authors observed that periodically flooded cypress trees were more effective at resisting drought stress. These results corroborate Hook and Brown (1973) who identified root morphology response to hydrologic gradients in several tree species (Liquidambar styraciflua, Nyssa aquatica, Fraxinas pennsylvanica and Platanus occidentalis). Only Liriodendron tuliperfera displayed no resistance to flooding stress.

Miller et al. (1993) using chromatography analysis identified a flavinoid in the tissue of cypress trees under excessive flooding that was absent in unstressed trees and 3 additional compounds were identified only in the unstressed cypress. As such, biomarkers or the use of chemical indicators in plant tissue, may provide early warning of hydrologic alterations.

Shifts in plant community structure and zonation can occur due to changes in hydropattern.  On Lake Okeechobee in Southern Florida, David (1994) documented a 35% loss of Salix carolinana communities due to artificially high water levels, a concurrent decline in cover of Eleocharis spp. and Rhyncospora spp., and an increase in Typha domingensis. Wading bird nesting in the region declined from 10000 to 3 nesting sites over 15 years. David (1996) observed an increase in dominance of Sagitaria lancifolia, Nymphaea odorata and Utricularia spp. due to longer hydroperiods and a concurrent decline in Rhyncospora tracyii and Baccharis spp. Cattail increased in importance, but this change could not be distinguished from the response to enrichment. Busch et al. (1998) corroborated the positive response of Utricularia spp. to longer inundation and deeper water levels, but found that Cladium jamaicense dominance was negatively correlated with water depth. 

Stabilized water levels in the Water Conservation Areas of South Florida are implicated as a primary factor in the displacement of Cladium jamaicense to Typha spp. (Kludze and DeLaune 1996). This is primarily due to adaptations in cattail for tolerating highly reduced soil conditions, which the authors directly correlated with water depth. Titus (1990) studied microtopographic relief in floodplain forests and concluded that dry micro-sites were essential for retaining Taxodium distichum, Ulnus americana and Fraxinus caroliniana in wetlands where water levels were stabilized, whose seedling distribution were best correlated with micro-site elevation. In hydric hammocks, it is predicted that increased inundation stress will result in a loss of Quercus spp., Carpinus caroliniana and Morus rubra. Management of higher water levels from 1992 to 1995 in wet prairie habitats of Southwest Florida caused a change from the favored muhly grass (Muhlenbergia filipes) dominated habitat to a habitat dominated by sawgrass (Cladium jamaicense) (54% muhly in 1992 to 25% in 1995) (Nott et al. 1998). 

In the Everglades, Koch and Rawlik (1993) report generally higher transpiration and conductance rates for Typha domingensis (11 mmmol/m2/sec) than for Cladium jamaicense (min 7 mmmol/ m2/sec), measured in the winter and spring months. Annual transpiration rates for both species were 1 to 2 mmmol/ m2/sec greater at a eutrophic site than at oligotrophic sites. These results at the leaf scale suggest that nutrient enrichment and vegetation shifts have the potential to alter water balances in the Everglades and may amplify the dehydration processes. 

Newman et al. (1998) concluded that multiple and interacting factors influenced cattail invasions in the northern Everglades. While nutrient enrichment was a primary variable, vegetation shifts also occurred in areas that were not P-enriched. Rather, a synergistic interaction between increased depth of inundation, P-enrichment, and episodic fires set conditions suitable for sawgrass displacement and cattail invasion. Historically Typha spp. was restricted to deep water areas and around alligator holes, and increased inundation depths may favor cattail over sawgrass. Peat fires may increase availability of mineral nutrients and lower substrate elevation, conditions favorable to cattail. 

Wood and Tanner (1990) used ordination techniques to classify Everglades graminoid communities into functional groups with hydropattern as the primary descriptive variable. Plant community associations followed a hydrologic gradient: wet prairies occupied the deepest zones; communities dominated by the medium growth form of C. jamaicense occurred in areas with less standing water; and tall sawgrass stands in the shallowest areas.  Increased hydroperiod caused vegetation shifts in all communities. In wet prairies, Utricularia spp. and Nymphaea odorata increased in extent with elevated water levels, along with Bacopa carolinana, Eleocharis elongata and Panicum hemitomon. Wet prairie species that required annual draw-down for seed germination were not found with increasing hydroperiod, including Oxypolis filiformis, Dichromena colorata, Ludwigia repens, Sacciolepis striata and Rhyncospora tracyii. In sawgrass communities elevated water levels resulted in a loss of Andropogon spp., Aster spp., Erianthus giganteus, Pluchea odorata and Sarcostemma clausum. 

Climbing hempweed, Mikania scandens, a noxious plant in Florida, also responds favorably to inundation stress during early life stages is (Moon et al. 1993). The vine has adapted stem stomata for gas exchange, which is unique, and can readily produce aerenchymous tissue to transport oxygen to the root zone. Climbing hempweed is a noxious plant with strong presence in wetland edges and disturbances in central and South Florida. Normal hydropatterns in riparian wetlands appear to favor the selection of Panicum rigidulum, Panicum dichotomum and Chasmanthium laxum, while sites with lower flood frequency tend to be dominated by Toxicodendron radicans and Smilax spp. Titus (1996) predicts that reductions in inundation magnitude and duration in forest floodplains would result in an increase in dominance of Quercus spp., Liquidambar styraciflua and Sabal plametto.

Draw-down effects on wetland plant community composition are well documented. Rochow (1994) monitored wetlands overlying cones of depression from groundwater withdrawal in West Florida and found rapid invasions by Eupatorium capillifolium, Amphicarpum muhlenbergianum, Rubus betulifoilus and Panicum hemitomon. In addition to the species listed above, Ormiston et al. (1995) documented the recruitment of Myrica cerifera, Paederia foetida, Phytolacca americana and Passiflora incarnata in response to groundwater draw-downs. Edwards and Denton (1993) monitored a wellfield site in Pinellas County and found that common invaders include Andropogon glomeratus and Diospyros virginiana. Kushlan (1990) suggests that common plant indicators of prolonged dry conditions in marshes are Panicum hemitomon, Rhyncospora spp., Serenoa repens. Though both are obligate wetland plants, Pontedaria cordata may replace Sagitaria lancifolia during periods of drought. In the Everglades, however, David (1996) found the distribution of Sagittaria  lancifolia increased significantly with longer flooding duration.  

Sonenshein and Hofstetter (1990) document marsh vegetation changes within a regional wellfield in the Southern Florida peninsula. In the site most impacted by the cone of depression, Melaleuca quinquenervia was highly invasive, along with Myrica cerifera. Wetter sites outside the cone of depression, supported Typha spp, Crinum americanum, Sagitaria lancifolia and Eleocharis spp., but there was a clear trend of increased dominance by shrubs and trees. 

In an effort by South Florida Water Management District to develop metrics of hydrologic alteration in depression wetlands, Bridges (1996) discusses the difficulty of extracting metrics from wetlands for which normal variability is extreme. Certain species, such as Andropogon spp., Aristida rhizomorpha and Amphicarmpum muhlenbergianum may be poor indicators because they have adapted to a wide variety of hydrologic conditions in ephemeral marshes. Trees, long-lived shrubs and some graminoids (Panicum hemitomon, Cladium jamaicense) may also be poor indicators because they can withstand intense periodic hydrologic stress. Bridges (1996) recommends some general indicators for the South Florida region including Bacopa caroliniana, Gratiola racemosa and Eriocaulon compressum, as they are all sensitive to desiccation.  More specific indicators of a trend towards drier conditions include Dicanthelium ensifolium, Hypericum tetrapetalum, Lyonia fruticosa and Xyris carolinana. 

Ewel (1990) and Kushlan (1990) articulate several plant responses to draw-down typical in the Everglades. Melaleuca quinquenervia invasion in the Everglades is strongly facilitated by hydropattern changes with drier periods than were normal under historical conditions. Marsh succession to a shrub/scrub community can be attributed to drier conditions. Taxodium distichum, though appearing healthy in abnormally dry substrates, will not be able to regenerate. Cooke and Azous (1993) argue that non-native plant species presence and distribution increase with drastic changes in hydropattern. 

The Kissimmee River restoration effort has focused on re-hydrating emergent marshes that were characteristic of the region prior to channelization (Toth 1993). A demonstration project showed a marked shift in species composition after rehydration. Former (pre-channelization) dominants that returned were Eleocharis vivipara, Panicum hemitomon, Polutgonum punctatum and Salix caroliniana in addition to the invasive hydrophyte Alternanthera philoxeroides. The importance of meso- and xero-phytic species that colonized when the wetlands dried decreased after re-flooding, including Ambrosia artemisiifolia, Axonopus affinis, Axonopus compressus, Boltonia diffusa, Centella asiatica, Eupatorium capillifolium, Hydrocotyle spp., Paspalum conjugatum, Sambucus canadensis and Urena lobata.

HABITAT FRAGMENTATION / DISTURBANCE

Despite new research in GIS, few studies were found in a search of the literature between 1990 and 1999 on direct effects of habitat fragmentation and disturbance on plants in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. In general, fragmentation will favor those species that can disperse seeds widely (e.g. Typha spp., Salix caroliniana, Eupatorium capillifolium and Bidens alba) and those that are opportunistic invaders after a disturbance (e.g. Schinus terebinthefolius, Melaleuca quinquenervia, Urena lobata Paspalum notatum) (Doherty 1991, Brown and Tighe 1991, Gunderson 1994, Schmitz and Simberloff 1997). 

There is a large body of research on wetland restoration and construction on phosphate mined lands in Florida (Brown and Tighe 1991, Crisman et al. 1997, Richardson et al. 1998). Erwin et al. (1997) summarize the literature and analyzed the available data base on created wetlands to determine current technical, operational, and ecological success of wetland construction. One of seven research components, a section on ecosystem and landscape organization addresses 3 subject areas: ecological connectedness, hydrological connectedness, and community fitness. An upland to wetland ratio was higher in reclamation projects than in the regional landscape with agriculture the dominant land cover. These landscape parameters likely influence successional trajectories and restoration successes, explaining in part a documented trend of declining obligate wetland species and no concurrent decline in plant species richness in herbaceous wetlands on reclaimed lands. 

Doherty (1991) used principle component analysis and general linear models to investigate the role of landscape organization on ecological restoration in phosphate mined and abandoned agricultural lands in Central Florida. Tree species composition on sites 40 years and older were 70% similar to one another and on average 30% similar to natural communities displaced as a result of the land-use. Swamps and sandhills, which have been displaced at the greatest rate in the region, were not returning. Age since abandonment was the most predictive variable in determining structural factors such as tree density, basal area and ground cover, though ‘interaction potential’ of and mean distance to forest areas were better predictors of overall species richness and herbaceous and tree diversity than age alone. 

Crisman et al. (1997) compare reclaimed marshes in the phosphate mining district of Central Florida and nearby reference marshes, and conclude that, while plant species similarity indices are low, chemical function and landscape function are comparable. In general, invasive species tend to concentrate in the reclaimed sites, but non-native cover drops to background levels within 7 years. Higher densities of floating plants were found in the reclaimed sites, with an abundance of Wolfiella spp., Wolfia spp. and Azolla spp.

Schmalzer and Hinckle (1990) state that of the 1045 plant species found at John F. Kennedy Space Center, 195 were non-native, and 76 were listed as endangered, threatened or of special concern.  They suggest a qualitative relationship between proximity to disturbed regions and the density of non-native (positive) and endangered (negative) species. 

Research in other states on plant response to landscape fragmentation and disturbance is available. Miller et al. (1997) measured landscape pattern in central Pennsylvania and conclude that general landscape descriptors (diversity, contagion, mean forest-wetland patch size, proportion of forest cover, forest edge) were most effective at predicting disturbance levels and changes manifested in bird and plant communities. Azous et al. (1998) studied 19 wetlands in Washington, finding significant correlation between disturbance gradient and community attributes, including canopy closure, nesting cavities, vegetation distribution and dominance, woody debris, presence of thin-stemmed emergent vegetation, plant species richness and non-native species cover. Azous and Horner (1997) found direct correspondence between plant species richness and impervious surface in a Washington watershed, but a less significant relationship was found between weedy native and exotic plant species and disturbance. 

Fennessey et al. (1998) developed a Floristic Quality Assessment Index (FQAI) to indicate landscape disturbance effects on wetlands. The FQAI is a scoring technique that assigns a quality rating to each plant species present in a wetland based on general disturbance response: 

0
Opportunistic native invaders and non-native taxa. 

1-3 
Widespread ubiquitous taxa that do not indicate a specific community with a wide range of tolerances.

4-6 
Taxa that typify some successional phase of a native community, tolerant of some disturbance.

7-8 
Taxa associated w/ advanced succession, community specific, tolerant of minor disturbance. 

9-10 
Taxa that exhibit high degrees of habitat fidelity to ecological condition, endemism, and a narrow range of environmental parameters. 

Average index scores [Species Tolerance Score 
/ (No. Native Species)1/2
] for wetlands correlated with a qualitative disturbance gradient. The FQAI score was also correlated with site biomass, total-P in the water column, buffer zone presence and distance to the nearest propagule source. 

Small (1996) quantified macrophyte response to watershed development in the Chesapeake Bay region and found that most (75%) of the riparian wetlands could be categorized along a disturbance gradient using only plant species richness as an indicator. Ten species drop out as landscape disturbance increased: Boehmaria cylindrica, Pilea pumila, Impatiens capensis, Hypericum mutilum, Juncus effusus, Polygonum sagitatum and Galium obtusum.  

