Chapter 3: ALGAE

USE AS INDICATORS

The term “algae” broadly includes benthic algae (epipelon), algae growing attached to vascular and nonvascular plants (epiphyton), mat algae typically found on the water surface or within the water column (metaphyton), unattached algae in the water column (phytoplankton), and other alga growing on substrata (periphyton).  Potential algal species indicators for freshwater biological assessment summarizing the following review are given in Table 3.1. 

Algae provide important functions in Florida inland freshwater wetlands (McCormick et al. 1997) including: (1) as a food source for higher trophic level organisms, (2) in biogeochemical cycling, (3) by oxygenating the water column, (4) in nitrogen fixation, (5) by water chemistry regulation, notably pH and major ionic concentrations (Rader and Richardson 1992), (6) as refugia for other organisms, and (7) as physical barriers to erosion. Algae are the primary autotrophs in many freshwater wetlands (Goldsborough and Robinson 1996).  

Algae have many features well suited for use as indicators of wetland health. Changes in algal assemblages may have far-reaching effects throughout wetland trophic states. Algae are essentially sessile and cannot avoid loading of deleterious inputs; thus the presence or absence of a species or its relative abundance may provide information on wetland condition. Because of relatively rapid lifecycles, algae are among the first organisms to respond to wetland stressors and often the first to recover (Lewis et al. 1998). Algae are relatively easy to identify, and certain algal structures resist decay and can be used to establish a history of water quality (Browder et al.. 1994). Algal sensitivity to nutrient and toxic inputs is fairly well known (van Dam et al.. 1994, Swift and Nicholas 1987), and due to small size and rapid turnover, algae are well suited for mesocosm and in situ dose-response experiments.  

Disadvantages of using algae as wetland health indicators are noted. While taxonomic keys exist for algae, most species must be identified using high-powered microscopes. Although most algae are non-motile, winds and currents can translocate individuals and local populations from areas of impact to reference areas and vice versa. Algae generally exhibit seasonal variation in abundance and morphological features that can complicate single season sampling (Vymazal and Richardson 1995).  

ENRICHMENT / EUTROPHICATION / REDUCED DISSOLVED OXYGEN

The majority of scientific and technical literature on algae in Florida inland freshwater wetlands deals with response to nutrient enrichment and eutrophication in the Everglades and associated Water Conservation Areas. The State of Florida Legislature has mandated that by year 2001 total phosphorous (P) standards be set to protect aquatic resources. In the Everglades, extensive research on algae has been and is currently being undertaken in an effort to acquire baseline data on the effects of nutrient enrichment. 

Typically, high nutrient levels favor phytoplankton over macrophytes, especially submerged species that are adversely affected by increased shading (Adamus and Brandt 1990, Adamus et al.. 1991). High nitrogen concentrations relative to phosphorus favor green algae, whereas high P:N ratios favor blue-green algae. 

Oligotrophic freshwater marshes, including the Everglades and Savannas State Preserve in South Florida, are generally phosphorus limited. Algal assemblages along a north–south nutrient gradient in Everglades sloughs were correlated with nutrient concentrations emanating from canals in the north that drain the Everglades Agricultural Area (Vymazal and Richardson 1995, McCormick and Stevenson 1998). High and low concentrations of calcium carbonate (CaCO3) and nutrients (mainly P) have been found to variously affect algal species composition in the Everglades. 

CaCO3 saturation in the water column is important to Everglades algae (Browder et al.. 1994). Gleason and Spackman (1974) provide an early list of algal species indicative of high and low CaCO3 concentrations in the Everglades. Surface water in the northern reaches generally contains higher concentrations of CaCO3 (from groundwater) than in the south reaches (Browder et al. 1994). In oligotrophic reference areas of the northern Everglades (Water Conservation Areas 1, 2 and 3), both low and high CaCO3 concentrations affect expected algal assemblages (Swift and Nicholas 1987). Gleason and Spackman (1974) found calcareous periphyton populations did not flourish where nutrient and CaCO3 concentrations were low. For example, desmids (Mesotaeniaceae and Desmidiaceae green algae) were present in high numbers only if the reference areas were undersaturated with CaCO3 and low nutrients. Browder et al. (1994) report that desmids are likely to occur not only in low nutrient conditions and undersaturation of CaCO3 but also low pH. Table 3.2 lists algal species typically found in high and low CaCO3 concentrations in low nutrient waters of the Everglades. Reference algae in the Everglades indicative of oligotrophic conditions as reported by McCormick et al. (1996) include: Amphora lineolata, Anomoeneis serians, Anomoeneis vitrea, Cymbella lunata, Mastogloia smithii, and Synedra rumpens var. familiaris. 

Whereas in some lakes and streams algal mats indicate eutrophication, in the Everglades algal mats with Utricularia spp. are viewed as indicators of health (McCormick and Stevenson 1998, Craft et al. 1995, Rader and Richardson 1992). With increasing nutrient loading, however, the polysaccharides that hold algal mats together disintegrate (McCormick et al. 1997, McCormick and Stevenson 1998, Craft et al. 1995, Rader and Richardson 1992).  While the mats themselves dissipate the species responsible for the polysaccharides typically remain, unless affected by other variables (Rader and Richardson 1992). In some cases where nutrient loading continues, desmid species that construct the mats are replaced by more nutrient tolerant species. Craft et al. (1995) found that as algae mats dissipated, Chara spp. became dominant. Browder et al. (1994) reported that in areas of high nutrients, Utricularia -algae mats were not present and a shift to pollution-tolerant species occurred, including: Microcoleus lyngbyaceus, Stigeoclonium spp., Spirogyra spp., and Oedogonium spp.  Rader and Richardson (1992) report that phosphorus enrichment can cause disintegration of cyanobacteria polysaccharide sheaths, resulting in a shift from cyanobacteria to filamentous green algae and diatoms and a corresponding increase in algal biomass. 

Enriched runoff (mainly P) has been identified in the Everglades and elsewhere as a principal factor affecting species composition of algal assemblages. Gleason and Spackman (1974) found that enriched runoff affected desmid species diversity, the number of blue green algae species, blue-green algae abundance, the calcareous nature of blue-green algae, periphyton biomass, and ash content. Browder et al. (1994) list phosphorus along with water chemistry, nutrient concentration, hydrologic conditions, and soil type as determinants of algal community composition. Calcite encrustation, occurring in low nutrient areas of the Everglades, is also affected by phosphorus concentrations (Browder et al. 1994). 

With increased P-loading, oligotrophic algal species are replaced by filamentous chlorophytes like Spirogyra in moderately enriched areas (McCormick and Stevenson 1998, McCormick and O’Dell 1996). FDEP’s Division of Technical Services (1994) found that moderate nutrient enrichment resulted in a mixed assemblage with no dominant taxa. Highly enriched areas of the Everglades were dominated by Nitzschia amphibia, N. filiformis, N. fonticola, N. palea (McCormick and Stevenson 1998). Deleterious affects of P-loading typically occur at values > 10ug*L-1, and a complete shift away from oligotrophic (reference) species occurs at values > 20ug*L-1 (McCormick and Stevenson 1998, McCormick et al. 1996, McCormick and O’Dell 1996). 

McCormick et al. (1998) found that enriched Everglades areas contained distinct periphyton assemblages dominated by Oscillatoria princeps and a higher percentage of filamentous green algae taxa (e.g., Spirogyra). Algal species indicative of eutrophic conditions include Gomphonema parvulum, Nitzschia amphibia, N. filiformis, and Rhopalodia gibba (McCormick and O’Dell 1996). Browder et al. (1994) report Spirogyra, Bulbochaetae, and Oedogonium genera tolerate high nutrients. Grimshaw et al. (1993), based on an extensive literature review, identify Anabaena spp., Gomphonema parvulum, Microcoleus lyngbyaceus, Nitzschia amphibia, Oedogonium spp., and Stigeoclonium tenus as indicators of eutrophication in the Everglades. Whitmore (1989) presents an extensive list of algae taxa and expected trophic states from hypereutrophic to dystrophic for Florida lakes (Table 3.3 provides a modified list, potentially applicable to Florida wetlands).

In a study of forested and emergent marshes in Kentucky, Pan and Stevenson (1996) found algal response to P-loading, but their model had difficulty predicting species assemblages at low and high loading rates. Nevertheless, from the ordination of their data one could infer species that respond positively to P-loading (Cymbella minuta var. pseudogracilis, Gomphonema angustatum, G. truncatum, Navicula acicularis, Nitzschia filiformis, Nitzschia acicularis, and Achnanthes sublaevis) and those with the strongest negative response (Amphipleura pellucida, Nitzschia brevissima, and Synedra rumpens var. scotica). The authors conclude that diatoms were good indicators of P-loading and recommended the use of planktonic and epiphytic diatoms. Studies in Michigan (Stevenson et al. 1999) and Montana (Apfelbeck in preparation, Charles et al. 1996) also found positive correspondence between diatom assemblages and phosphorus loading.  

Nutrient loading can also affect morphological features of algae (Browder et al. 1994). Browder et al. (1981) found a significant negative relationship between inorganic P (orthophosphate) and the percent cell volume in desmids. McCormick and Stevenson (1998) found P-loading increased algal growth rate and biomass volume. Several species are identified by McCormick and O’Dell (1996) that decrease in proportional abundance with increasing phosphorus (Cymbella lunata, Scytonema hofmanii, Shizothrix calcicola, Oscillatoria limnetica, Mastogloia smithii, and Anomoeneis serians). 

Nutrients other than phosphorus have negative and cumulative impacts algal biota.  Scheidt et al. (1987) found that nitrate significantly decreased algal biomass and eliminated periphyton within months. McCormick and O’Dell (1996) rank phosphorus as the nutrient with the largest impact on algal assemblages, followed by nitrogen (N) and iron (Fe).  McCormick et al. (1998) report that phosphorus concentration limits algal growth in oligotrophic areas of the Everglades. In enriched areas, nitrogen, other nutrients or light limits growth (Vaithiyanathan and Richardson 1997, McCormick and Stevenson 1998). In nitrogen limited areas, Vaithiyanathan and Richardson (1997) found increases in Rhopalodia gibba and blue-green algae with heterocyst (Nostoc). Seasonal algal assemblages typically found with eutrophication in the Everglades (high N and P concentrations) are listed in Table 3.4.  

CONTAMINANT TOXICITY

Few studies were found in a search of the literature between 1990 and 1999 on the effects of toxic contamination on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Additional literature on toxic contaminants and wetland algae in other states is surveyed by Adamus and Brandt (1990) and Danielson (1998), though both reviews conclude that most research is focused on individual species in laboratory conditions and not on algal community structure in the field. The reader is also referred to Stevenson et al. (1996), especially chapters by Genter and Hoagland.  

Toxic stress on algal assemblages can come in many forms from many sources. Toxicity affects algae at biochemical, cellular, population, and community levels (Genter 1996), and may potentially have chronic exposure effects (Hoagland et al. 1996).  Lewis et al. (1998) examined the response of Selenastrum capricornutum (a freshwater green algae) to in vitro additions of different effluent (from two cities, one naval air station, three forest product plants, two agro-chemical industries, one synthetic fibers industry and one steam power generation plant). Water chemistry parameters were measured (pesticides, polynuclear aromatic hydrocarbons, polycyclic biphenyls (PCB’s), metals (silver, chromium, cadmium, nickel, lead, aluminum, copper, mercury) and residual chlorine and nutrients). Cumulative, synergistic toxic impacts from constituent combinations were not studied. Several of the metals present in the samples were below detection levels. The authors conclude the most sensitive indicator was algal biomass (which was stimulated in all but one forest product effluent and one city effluent) and that biomass response was primarily a reflection of phyto-stimulatory nutrients present in the effluent. 

ACIDIFICATION

No studies were found in a search of the literature between 1990 and 1999 on the effects of acidification on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Literature reviews by Adamus and Brandt (1990) and Danielson (1998) both cite studies that found filamentous and green algae, especially Mougeotia spp., increase in abundance with acidification. Typically though, algal species richness declines with acidification in lakes, but algal production can be relatively high in some naturally acidic wetlands.

Florida ecosystems typically underlain by limestone are less at risk from point source acidification than ecosystems in other regions. Also a paucity of geologic ores (phosphate being the exception) also precludes damage from mining acidification in Florida wetlands. However, non-point source acidification can occur from atmospheric deposition, and natural differences in pH and alkalinity may be important determinants of algal assemblages (Rosen and Mortellaro 1998).  

Recent studies in Kentucky, Michigan, and Montana may prove relevant to algal research in Florida wetlands. Pan and Stevenson (1996) identified conductivity, not pH, as a determinant of diatom assemblages wetlands receiving acid mine drainage in western Kentucky. The authors conclude that conductivity inference models based on phytoplankton had better predictability than those based on epiphyton. In a study of wetland ponds, emergent marshes, forested systems, bogs, and shrub scrub wetlands in Michigan, Stevenson et al. (1999) found that variance in diatom assemblages could be partially explained by conductivity and pH. Weighted average models based on environmental variables identify that relative abundance of surface sediment diatom assemblages indicates conductivity and pH levels in wetlands. Periphyton assemblages corresponded to conductivity and pH in a study of wetlands, lakes, and reservoirs in Montana (Charles et al. 1996). Here inference models were also used with relative accuracy as predictors of algal species assemblages based on environmental variables.  

Numerous studies have documented the impacts of acidification on algal assemblages in freshwater lakes and streams. In a paleolimnological study of the Everglades, Slate and Stevenson (2000), classify species indicative of low pH conditions in South Florida (Eunotia spp.; Eunotia flexuosa, Eunotia formica, Eunotia glacialis, Eunotia quaternary; and Amheteromeyenia ryderi).  Whitmore (1989) presents over 200 species of Florida lake algae and a classification for acid tolerance (pH < 5.5, acidobiontic; pH 5.5-6.5, acidophilous; pH 6.5-7.5, circumneutral; pH 7.5-8.5, alkaliphilous; and pH > 8.5, alkalibiontic). Some trends warrant research in Florida wetlands, especially the response of filamentous green algae, diatoms, and Cyanophyceae (blue-green algae). Several genera of filamentous green algae (Zygnemataceae) respond positively to acidification, most notably Zygogonium, Mougeotia, Spirogyra, and Zygnema, as well as Ulothrix and Oedogoniium (Planas 1996). Among the most sensitive algae to acidification are species of Cyanophyceae. Planas (1996) reports tolerance levels (pH 4.8) for blue green algae. Benthic filamentous green algae, diatoms and blue green algae that indicate acid conditions in surface water are summarized in Table 3.5. 

SALINIZATION 

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of salinization on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) did not find wetland salinization literature in their review, but state that based on algal responses in other surface waters, it appears likely that suitable assemblages of salt-sensitive algae species could be identified. Danielson’s review (1998) found lake algal assemblages, especially diatoms, have been correlated with salinity, with diatom richness highest at specific conductance levels less than 45 mS and declining as specific conductance increased. 

Stevenson et al. (1999) report specific conductivity (a surrogate for salinity) strongly affects algal assemblages by altering osmotic pressure within the cell and cell membrane. Apfelbeck (in preparation) reports that diatom abundance was correlated with salinity in freshwater wetlands in Montana, though the preliminary study does not identify species.   

SEDIMENTATION / BURIAL

Few recent studies were found in a search of the literature between 1990 and 1999 on the effects of sedimentation on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Reviews by Adamus and Brandt (1990) and Danielson (1998) also report a paucity of literature on wetland algal response to sedimentation. Presumably benthic algae (epipelon) and periphyton associated with benthic substrates would be adversely affected from sedimentation and burial. Epiphytic species may be indirectly affected depending on the response of host plants to sedimentation. Studies in the Everglades and other regions have documented shifts in plant community assemblages associated with sedimentation and subsidence (Reddy et al. 1993, Wardrop and Brooks 1998). 

TURBIDITY / SHADING 

No explicit studies were found in a search of the literature between 1990 and 1999 on the effects of turbidity or shading on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) report a paucity of literature prior to 1990 on wetland algal response to turbidity and shading. Danielson’s review (1998) summarizes a limited literature on lake algae from other states, concluding generally that turbidity, shading and tannins likely impact benthic algae more than phytoplankton. 

In the Everglades, effects of turbidity and shading on algae appear as ancillary data from phosphorus loading studies. P-loading promotes rapid growth and expansion of Typha domingensis (cattail), which then shade out algae or fill open spaces formally occupied by algal mats (Reddy et al. 1993, Browder et al. 1994).  In oligotrophic water, P is a limiting factor; in nutrient enriched water, sunlight for photosynthesis is often a limiting factor due to shading by macrophytes (McCormick et al. 1998). 

VEGETATION REMOVAL

No recent studies were found in a search of the literature between 1990 and 1999 on the effects of vegetation disturbance on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Reviews by Adamus and Brandt (1990) and Danielson (1998) also report a paucity of literature on wetland algal response to vegetation removal. Epiphyton and periphyton, having lost host substrate, will likely decrease in abundance with the removal of wetland vegetation, with possible increases in the abundance of other types of algae. 

THERMAL ALTERATION

Few recent studies were found in a search of the literature between 1990 and 1999 on the effects of thermal alteration on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Browder et al. (1994) documented algae in the Everglades present in natural water temperatures as high as 36oC.  

Danielson’s review (1998) did not find recent literature on wetland algal response to thermal alteration, but Adamus and Brandt (1990) state that based on algal responses in other surface waters it is likely that suitable assemblages of temperature sensitive algal species could be identified. In general, algal biomass increases with warming to an optimal temperature after which there is a decrease (DeNicola 1996). Lake studies generally conclude there is an overall decrease in algal diversity with increasing water temperature with only a few dominant species of green algae, cyanobacteria (blue-greens), and diatoms.  

DEHYDRATION / INUNDATION

In their literature review, Adamus and Brandt (1990) state that draw-down of wetland water levels may concentrate available nutrients and mobilize unavailable nutrients which can cause algal blooms, while inundation may dilute nutrients and reduce nutrient mobility which can cause reductions in some algal taxa. Danielson (1998) reviews literature on the response of lotic periphyton and filamentous algae to flood events, finding both positive (increased nutrient availability) and negative (increased turbidity, respectively) correspondence. Increased salinity (higher specific conductance) may result from low water conditions, negatively affecting wetland algal assemblages. 

Episodic dehydration and inundation describes many Florida wetland hydroperiods.  For several months of a year, typically winter in Peninsular Florida, rainfall is low and wetlands are dry exposing wetland organisms. Adaptations to drying stress include thick cell walls, mucilage and spore production (Rosen and Mortellaro 1998). During summer rains wetland algae acclimate to inundation. Thus many algal species are variously tolerant of pulsed hydroperiods confounding their use as water stress indicators.

Rosen and Mortellaro (1998) found Microspora pachyderma in South Florida was tolerant of desiccation and thus a good indicator of wetland draw-down, and that Microspora species had unique growth forms (such as thicker cell walls and akinetes) depending on water regime. Van Meter-Kasanof (1973) found that larger algae species were better suited for environmental extremes in the Everglades, and that green periphyton (including some desmids) required year-round inundation.  Swift and Nicholas (1987) report a significant negative relationship between water depth and percent cell volume in Scytonema spp. and Schizothrix spp., and a positive relationship between water depth and percent cell volume of Microcoleus spp.  

Browder et al. (1981) found that diatoms and blue-green algae were dominant components of Everglade wetlands with long hydroperiods. Hydroperiod and water depth are identified by Browder et al. (1994) as determinants of algal composition in the Everglades: sites with frequent draw-downs were predominantly comprised of benthic cyanobacteria; diatoms and green algae were found at frequently inundated sites; and desmids were present only at sites that were continuously flooded.  

McCormick et al. (1998) found algal assemblages in oligotrophic areas of the Everglades were seasonally different.  In the wet period (May – October), the predominant algae were cyanobacteria with high biomass; in the dry period (November – April) diatom biomass was high. Although biomass varied, presence (or absence) of oligotrophic species remained relatively constant with seasonal changes. Seasonal effects were muted in eutrophic areas of the Everglades, possibly due to year-round nutrient availability (McCormick et al. 1998). In eutrophied wetlands, metaphyton and epiphyton biomass varied across seasons and inundation regimes, while epipelon biomass remained constant (McCormick et al. 1998). This may indicate that water depth and marsh drying are not strong determinants of algal species assemblages in the Everglades.  

In a paleolimnological study of intermittent bay wetlands in South Carolina and Georgia, Gaiser et al. (1998) found that Eunotia spp., Luticola saxophila, and Pinnularia borealis var. scalaris were indicators of sustained drying or draw-down; and other Pinnularia spp. and Stenopterobia densestriata responded positively to persistent ponding. 

HABITAT FRAGMENTATION / DISTURBANCE

No studies were found in a search of the literature between 1990 and 1999 on direct effects of habitat fragmentation or landscape scale disturbance on algae in inland freshwater wetlands in Florida or the Southeastern Coastal Plain. Adamus and Brandt (1990) report a paucity of literature prior to 1990 on wetland algal response to habitat fragmentation and disturbance, and Danielson’s review (1998) similarly finds no recent literature in other states. Effects of habitat alteration on wetland algae would likely be manifested through changes in nutrient loading and hydrology and possibly through removal of planktivorous fish. 
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