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The utility of periphyton to expose ecological ramifications to restorative or 
deconstructive change in the Everglades is due its bearing several of the most desirable 
features of a reliable ecological indicator which include (1) being distributed throughout 
the system of study, (2) having rapid response to environmental change that is (3) readily 
quantifiable at several levels of biological organization (individual, species, population 
and community) with (4) consequences to levels above and below it’s placement on the 
food web (Karr 1999).  Reliance on periphyton to indicate environmental change has 
been well justified by scientific research conducted in the Everglades (McCormick & 
Stevenson 1998, Gaiser et al., 2006) which adds regional applicability to the existing 
body of literature in aquatic sciences that has supported the widespread employment of 
periphyton monitoring in aquatic ecosystem management (Hill et al., 2000; Stevenson 
2001). Specifically, we anticipate that patterns of periphyton production, nutrient content 
and composition among and within the PSUs sampled in this mapping assessment will 
provide reliable indication of changes driven by hydrology and nutrient enrichment. 
Alterations in periphyton attributes then cascade through the system to affect higher 
organisms through changes in food quality, composition and concentration of gasses and 
nutrients in the water column and ecosystem structure (i.e., soil formation and quality, 
physical habitat structure).  

The following hypotheses were formulated by the RECOVER assessment group using 
data from descriptive and experimental studies.  We list the hypotheses and follow each 
with a discussion of supporting data and progress in application to this project.  

H11b – Lengthened hydroperiods cause an increase in the proportion of floating, 
calcareous periphyton mat (associated with Utricularia purpurea) but when water 
depths exceed ~1-2 m, calcareous floating mats are replaced by epiphytic non-
calcareous algal communities.  

Supporting data: Studies along transects in compartmentalized Everglades wetlands 
showed hydrologically-driven gradients in periphyton mat structure (Gaiser et al., 2006).  
Water depths >~1.5 m supported non-calcareous algal communities while sloughs and 
marl prairies were dominated by thick, highly productive calcareous mats.  Other long 
term studies have shown that calcareous mat productivity is highest in the short-
hydroperiod wet prairie (Iwaniec et al., 2006; Ewe et al., 2006) where benthic, sediment-
associated mats predominate.  At slough sites, Utricularia-associated floating mats are 
less productive but show a distinct seasonality with marked increases in production 
during the peak of the wet season (Gaiser et al., 2006).    



Progress: Although we have yet to incorporate site-specific hydroperiod estimates into 
our analysis of periphyton distribution patterns, we examined large-scale patterns in the 
cover of periphyton of different types during the dry and wet season sampling of 2005 
and 2006.  The cover types are shown in Figure 1 and include calcareous floating mat 
(associated with Utricularia purpurea), calcareous epiphyton (associated with 
submersed stems of emergent macrophytes), calcareous benthic mat (adhered to the 
sediment or rock surface), green filamentous algae (non-mat forming) and flocculent 
detritus (sampled when no other periphyton was available). We found substantial 
differences in periphyton cover by type as we move from the northern PSUs to the 
southern part of the system (Figure 2).  For instance, sites in Lake Okeechobee, Pal Mar, 
Holeyland and Loxahatchee National Wildlife Refuge contained little calcareous mat 
and often had large quantities of filamentous green algae. This is likely a geologically-
driven pattern rather than one driven by changes in nutrients or hydrology, per se, 
because these basins are not underlain by limerock that facilitates precipitation of 
carbonates.  This is reflected in the pH values, which were comparatively low in the 
northern basins compared to areas further to the south (Figure 3). The continuance of the 
pattern of increasing calcareous biomass southward through the water conservation 
areas is likely largely driven by the corresponding decrease in P availability as well as 
hydroperiod with distance from canal inflows, as these same trends were observed in 
these basins in earlier transect studies (Gaiser et al., 2006). The increase in floc observed 
in the oligohaline zone at the very base of our study area reflects the input of particulate 
organic material from mangroves inhabiting this zone.  There were no strong notable 
seasonal patterns in cover by substrate type, but continued regular sampling should 
improve our ability to detect such differences if they do exist.  

H11c – Nutrient enrichment causes an elevation in periphyton nutrient content, a 
reduction in the proportion of calcareous floating and epiphytic periphyton mats, and a 
replacement of native species by non-mat forming filamentous species.  

Supporting data: Throughout the system, periphyton has been proven to provide rapid 
and accurate indication of water quality changes; periphyton responses were critical to 
establishing the P criterion for freshwater sloughs (McCormick et al., 1996; Gaiser et 
al., 2004), have been used to indicate rates of coastal salt water encroachment in 
mangroves (Ross et al., 2001; Gaiser et al., 2004) and for detection of nutrient 
enrichment in adjacent offshore seagrass beds (Frankovich et al., 2006). Several studies 
have shown that periphyton not only respond to but also regulate water quality (Thomas 
et al., 2006; Gaiser et al., 2006) by quickly and efficiently removing excess P from the 
water column. Gaiser et al. (2005) recommends using periphyton P content as a metric 
of P enrichment history, rather than water or soil P, because it has been shown 
repeatedly to provide a much more reliable indication of P load history.  This has been 
adopted in most large-scale monitoring programs in the Everglades (i.e., this study, the 
EPA REMAP assessment, FCE LTER research).    

Progress: We found very strong and temporally consistent spatial patterns in periphyton 
biomass that showed a general increase from northern to southern PSUs (Figure 4).  
Periphyton biomass, measured by biovolume, cover, dry and ash-free dry mass all 



increased to the south, becoming highest in Shark River Slough, the Southern Marl 
Prairie and Taylor Slough.  The opposite pattern was observed for the total phosphorus, 
organic and chlorophyll a content of the periphyton. Total phosphorus values were 
highest in the flocculent periphyton of Lake Okeechobee, Pal Mar, Holeyland and 
Loxahatchee National Wildlife Refuge.  They increased again in the oligohaline zone, 
where P delivery from marine and groundwater is likely (Childers et al., 2006; Price et 
al., 2006). There were no notable seasonal patterns in these values, although biomass has 
normally found to be highest in the wet season (Iwaniec et al., 2006).  We suspect that 
continued sampling will reveal this weaker temporal trend.  

The spatial patterns in periphyton attributes and total phosphorus content were highly 
correlated in expected ways. We found a strong and temporally persistent decrease in 
periphyton cover, biomass and biovolume with increasing total phosphorus content 
among sites (Figure 5).  The organic content increased with total phosphorus 
availability, which is commonly observed as both a consequence and driver of the 
concomitant change in periphyton biomass (Gaiser et al., 2006). Notably, however, it is 
not just a loss of the calcitic matrix that occurs with phosphorus enrichment but a loss of 
biomass as well (Gaiser et al., 2005), as shown here in the strong negative correlation of 
ash-free dry periphyton biomass with total phosphorus content.  An increase in the 
chlorophyll a content of that biomass with increased phosphorus availability is expected, 
as P availability increases productivity of cells in species with high P requirements.  We 
observed a strong positive association of periphyton chlorophyll a with phosphorus, 
especially in the wet season of 2005 and dry season of 2006. There is a slightly positive 
correlation between phosphorus availability and water depth, although this trend was 
only significant in the wet season of 2005.  

We also found strong spatial patterns in algal species composition among the PSUs.  A 
total of 229 non-diatom algae and 155 diatom taxa were found in the 2005 survey of 148 
sites (Tables 1, 2). Indicator species analysis (Dufrene & Legendre 1997) showed that 
some species were significantly associated with particular PSUs.  Non-metric 
multidimensional scaling ordination biplots show that subsets of PSU’s can be grouped 
by algal species composition (Figure 6).  Communities in Pal Mar, Loxahatchee and Lake 
Okeechobee differ substantially from other PSU’s. The water conservation areas group 
together on the other side of the biplot.  The oligohaline zone is separated from the rest, 
likely because of the response of the algal community to increased salinity in this area.  
We found the first gradient in composition to be highly correlated with total phosphorus 
and negatively correlated with periphyton biomass.  Communities associated with 
calcareous mats were also indicative of low phosphorus quantities, and vise-versa. We 
found that very productive mats with low TP and organic content were dominated by 
cyanobacteria while P-enriched communities of low biomass but high organic content 
were dominated by diatoms (Figure 7).   

Because of this strong relationship between composition and total phosphorus 
availability, we were able to determine total phosphorus optima and tolerances for the 
most common taxa by weighted-averaging regression. The values reported in Tables 1 
and 2 can be used to predict, by weighted averaging regression, the total periphyton P 



content for sites in which these taxa are found. The prediction power of the model 
generated with these optima and tolerance values was measured by an R

2

 = 0.54 and an 
RMSE of 53. This means that 54% of the variability in species distributions can be 
explained by phosphorus, and phosphorus predicted at any given site by the species is 
within 53 µg g-1 of its actual value. Mean TP values indicative of natural conditions vary 
among wetland PSUs but an error of 53 µg g-1 will be within 10-25% of the mean, 
suggesting a high predictive power of this model (Gaiser et al., 2006).  There were strong 
trends in the residuals of this model that are important in evaluating the model’s 
accuracy.  The trends are related to the gradient reflected in the second axis of the NMDS 
which is correlated with pH, water and soil depth. Areas of deeper soils are also deeper 
and peat-forming, causing a reduction in the pH, which is known to be a strong driver of 
algal community composition. Future models must take this second important gradient 
into account, indicating that algal-based P inference models will be strongest when 
created and employed in a regionally-specific manner.  The next step in our modeling 
efforts will be to create such regionally-explicit P-inference models.  Basin-specific P-
prediction models presented in Gaiser et al. (2006) had much higher predictive power 
than whole system models, suggesting that model development on a smaller scale is also 
an appropriate approach in this survey.  Conversely, multiple models are more 
cumbersome so our next steps are to (1) develop a multi-parameter model for the entire 
system (that explains residual trends driven by large scale variability, above) and (2) 
develop explicit P-prediction models for each PSU and, by cross-validating across PSUs, 
determine the optimal scale for a univariate prediction model.  We believe that the latter 
approach will be most powerful, as it will facilitate direct interpretation of eutrophication 
trends from periphyton species data.  

H11a – Shortened hydroperiods cause a reduction in the proportion of diatoms and 
green algae and an increase in calcareous blue-green algae, possibly reducing food 
value of periphyton, and affecting overall productivity of the Everglades.  

Supporting data:  Compositional responses of periphyton to hydrologic change were 
quantified in field and laboratory studies by Gottlieb et al. (2006 a, b) and Thomas et al. 
(2006).  Gottlieb et al. (2006 a) found marked differences between algal communities in 
long and short-hydroperiod marshes of Everglades National Park and derived hydrologic 
optima and tolerances for the most abundant species. Thomas et al. (2006) and Gottlieb et 
al. (2006) conducted drying and re-wetting experiments to determine the length of time it 
takes the community to be measurably altered when exposed to an alternative 
hydroperiod, and found significant change within days to weeks of exposure. Further, 
studies by Geddes et al. (2003) and Dorn et al. (2006) documented the connection 
between periphyton composition and consumers showing that the two are connected 
partly through the periphyton-derived detrital food web and also through nutrient 
regeneration by the animals.    

Progress: We found a decrease in water depth from the water conservation areas to the 
base of Shark River and Taylor Slough that roughly corresponds to reductions in 
hydroperiod, although site-specific hydroperiod estimates have not yet been 
incorporated into this analysis (Figure 3).  This decrease in water depth was associated 



with an increase in periphyton biomass with decreased organic and total phosphorus 
content (Figures 3-5).  Water depth also explained compositional differences among 
sites with deeper water generally being associated with increased abundance of diatoms 
and reduced abundances of cyanobacteria (Figure 7) while benthic mats in shallow 
habitats had low TP and organic content and were dominated by cyanobacteria and 
reduced abundances of diatoms and green algae (Figure 7).  Our next step in this 
analysis is to incorporate site-specific hydroperiod predictions (generated from EDEN) 
to quantify hydrologic controls on periphyton trends.   

To determine if alterations in periphyton composition affect inferred food quality for 
invertebrate and fish consumers, we have begun to explore the relationships between 
periphyton atteributes and fish and macroinvertebrate density.  We found reduced 
numbers of fish and macroinvertebrates with increasing periphyton biomass, which is 
likely due to the reduced quality of periphyton in short-hydroperiod marshes.  These mats 
are highly calcareous rendering them difficult to graze by many consumers (Geddes et 
al., 2003).  As the organic content of periphyton increased, we found increasing 
abundances of herbivorous invertebrates (except crayfish) and fish (Figure 8). There were 
some taxon-specific associations between the herbivore communities and algae, with the 
abundance of grass shrimp (Palaemonetes paludosus) increasing with algae of higher 
organic content while crayfish abundance was associated with high TP diatom 
communities (Figure 6).  When algae were grouped into higher level taxonomic 
categories (i.e., cyanophytes, chlorophytes, diatoms) we found even greater associations 
with the grazer community. For instance, the number of grass shrimp, other grazing 
macroinvertebrates and fish declined with increasing abundance of filamentous 
cyanobacteria (Figure 9).  This is likely due to the decreased quality of blue-green-
dominated mats that not only mechanically deter filter feeders but reduce palatability 
through the calcium carbonate precipitated on their sheaths and through production of 
antimicrobial toxins.  Conversely, these three consumer groups increased with diatom 
and green algal abundance probably due to the increased nutritional value of these algal 
groups. This was our first attempt to link the consumer and periphyton data and we are 
planning a much more sophisticated analysis at more appropriate spatial scales to better 
tease apart the underlying consumer-food resource relationships.  

2.  Communicating the Periphyton Indicator 
 
Periphyton plays a critical role in the food web as a food source and prey refuge.  Given 
its extremely high rates of production (Iwaniec et al., 2006), the vast areas of South 
Florida marsh covered by periphyton may represent a significant sink for carbon, another 
important functional role of the Everglades from a global perspective. Taxonomic 
diversity of microbial organisms that comprise periphyton is higher than most other biotic 
communities, thereby making a substantial contribution to system biodiversity estimates.  
Functional consequences of this diversity are unexplored, yet literature would support the 
contention that it is because of this diversity that algal-microbial communities make such 
reliable ecological indicators. 
 
2.1.  Indicator Performance Measures and Metrics 



 
Several metrics provide reliable measure of periphyton response to hydrologic and water 
quality change in this system.  They can be broadly grouped into three categories of 
abundance, quality and community composition. Within these categories at least three 
measures are recorded within the context of CERP assessment.  These include, for 
abundance, wet biovolume (ml m-2), dry biomass (g m-2) and ash-free dry biomass (g m-

2); for quality, organic content (µg dry g-1), chlorophyll a content (µg dry g-1) and total 
phosphorus content (µg dry g-1); and, for the community category, algal composition and 
diatom composition (measured using similarity metrics in multi-dimensional ordination 
space) and substrate affiliation (percent cover by substrate type).   
 
Within each of the categories, all of the parameters respond in the same direction 
(positive or negative) to changes in hydrologic conditions, including depth, duration, 
timing, and spatial extent, as well as water quality (Gaiser et al., 2006). The periphyton 
biomass metrics of wet biovolume, dry biomass and ash-free dry biomass, expressed on a 
per square meter basis, are correlated with each other all decline with increasing water 
depth and hydroperiod and with increasing availability of phosphorus (Gaiser et al., 2006; 
Ewe et al., 2006).  The periphyton quality metrics of organic, chlorophyll a, and total 
phosphorus content, expressed per unit dry mass, are correlated with each other and 
increase with increasing water depth and hydroperiod and with increasing availability of 
phosphorus (Gaiser et al., 2005, 2006).  The communityl metrics are based on 
compositional similarity to expected community structure, established from collections at 
reference locations (according to Gaiser et al., 2006). Periphyton cover by substrate type 
is dealt with in a similar manner, where substrate types are given optima and tolerances 
along each gradient based on their distribution, and then site water quality predictions 
based on those optima weighted by relative cover.   
 
2.2.  The Stoplight Report Card System applied to Periphyton 
 
The stoplight system for periphyton involves first calibrating the tri-color code by the 
deviation of values for each metric from an expected baseline condition for each 
sampling point (Figure 10.). Triplicate samples from principal sampling units (PSU’s, 
randomly selected locations within landscape sampling units, LSU’s) visited annually in 
the mid-wet season are analyzed for each periphyton metric.  PSU means are then 
compared to expected values for background conditions defined for the respective LSU.  
Background conditions are defined from data collected or inferences made from locations 
within the LSU that are considered un-impacted by human activities and are not static; 
that is, ranges of acceptable conditions may change depending on modifications by 
external drivers not under our control (i.e., climate variability) and advancements in the 
understanding of the ecosystem. Development of a consistent baseline necessitates long-
term data, so we do expect targets to evolve as the duration of monitoring programs 
grow.  However, any changes in baseline expectations will be documented and then 
hindcast through the stoplight system to re-calibrate former values.   
 
2.3.  How We Determine Thresholds for Periphyton Success (Green), Caution (Yellow) or 
Failure (Red) 



 
Once baseline expectations for each of the 9 variables are established, color codes are 
assigned to each PSU based on deviation from that expectation.  If the value is within one 
standard error of the mean, it is designated green (natural), within two standard errors is 
designated yellow (caution) and beyond three standard errors is designated red (altered) 
(see Figure 10).  The PSU is then assigned a color for biomass, quality and community 
composition. The distribution of color designations can then be mapped by PSU for each 
of these three performance measures.  The final color designation for each LSU is then 
based on the percentage of yellow and red sites.  An LSU is given a final yellow 
designation if more than 25% of sites are coded yellow or red and a red designation if 
more than 50% of the sites are red, with these cut-offs being based on variability 
determined within unimpacted background sites (Gaiser et al., 2006).     
 
Baseline expectations for periphyton TP content, ash-free dry biomass and composition 
for some LSU’s are fairly well-defined and so we provide an example using those data.  
The expected ranges for these variables for un-impacted conditions for WCA-1A, WCA-
2A, WCA-3A, SRS and TS were defined by transect surveys conducted in these areas in 
1999 by Gaiser et al., (2006).  As stated, green coding was used to define acceptable 
ranges defined by the mean values of unimpacted sites +/- 1 standard error of that mean, 
yellow for values between 1-2 standard errors and red for sites departing more than 2 
standard errors from the mean.  Figure 10 shows how each basin has unique ranges of 
acceptable values and how each attribute scales differently.  Data from 2005 and 2006 
CERP Mapping surveys were plotted on these graphs to show the proportion of sites 
falling in each of the colored regions.  
 
For annual assessments, a map of the distribution of the periphyton TP indicator is 
displayed (Figure 11) to show within and among-region pattern.  Pattern and suspected 
causes are displayed in the “summary” and “key findings” sections (see stoplight report).  
Each basin is then assigned a value (again using the green-yellow-red coding) based on 
the proportion of sites falling into these ranges (explained above).  Explanation is then 
provided for causes of current conditions and prospects for 2 years in the future if water 
management remains the same.  
 
 



 

References:  

Childers, D.L. 2006. A synthesis of long-term research by the Florida 
Coastal Everglades LTER program. Hydrobiologia 569: 531-
544.  Davis, S. M., E. E. Gaiser, W. F. Loftus and A. E. 
Huffman.  2005. Southern marl prairies conceptual ecological 
model. Wetlands  25: 821-831.  

Dorn, N. J., J. C. Trexler and E. E. Gaiser. 2006.  Exploring the role of large predators 
in marsh food webs: evidence for a behaviorally-mediated trophic cascade.  
Hydrobiologia 569: 375-386.  

Dufrene, M. & P. Legendre, 1997. Species assemblages and indicator species: the 
need for a flexible asymmetrical approach. Ecological Monographs 67: 345-
366.  

Ewe, S. M. L., E. E. Gaiser, D. L. Childers, V. H. Rivera-Monroy, D. Iwaniec, J. 
Fourquerean and R. R. Twilley. 2006.  Spatial and temporal patterns of 
aboveground net primary productivity (ANPP) in the Florida Coastal 
Everglades LTER (2001-2004).  Hydrobiologia 569: 459-474.  

Frankovich, T. A., E. E. Gaiser, J. C. Zieman and A. H. Wachnicka. 2006.  Spatial and 
temporal distributions of epiphytic diatoms growing on Thalassia testudinum 
Banks ex König: relationships to water quality.  Hydrobiologia 569: 259-271.  

Gaiser, E. E., A. Wachnicka, P. Ruiz, F. A. Tobias and M. S. Ross.  2004. Diatom 
indicators of ecosystem change in coastal wetlands.  In S. Bortone (Ed.) 
Estuarine Indicators.  CRC Press, Boca Raton, FL. pp. 127-144.  

Gaiser, E. E., J. C. Trexler, J. H. Richards, D. L. Childers, D. Lee, A. L. Edwards, L. J. 
Scinto, K. Jayachandran, G. B. Noe and R. D. Jones. 2005. Cascading ecological 
effects of low-level phosphorus enrichment in the Florida Everglades.  Journal of 
Environmental Quality 34: 717-723.  

Gaiser, E. E., J. H. Richards, J. C. Trexler, R. D. Jones and D. L. Childers. 2006. 
Periphyton responses to eutrophication in the Florida Everglades:  Cross-system 
patterns of structural and compositional change.  Limnology and Oceanography 
51: 617-630.  

Geddes, P., and J. C. Trexler. 2003. Uncoupling of omnivore-mediated positive and 
negative effects on periphyton mats.  Oecologia 136:585-595.  

Gottlieb, A., J. H. Richards and E. E. Gaiser.  2005.  The effects of desiccation resistance 
and rewetting on the community structure of Everglades periphyton.  Aquatic 
Botany 82: 99112.  

Gottlieb, A. D., J. H. Richards and E. E. Gaiser. 2006.  Comparative study of 
periphyton community structure in long and short hydroperiod Everglades 
marshes. Hydrobiologia 569: 195-207.  

Hill, B.H., A.T. Herlihy, P.R. Kaufmann, R.J. Stevenson, F.H. McCormick, and C.B. 
Johnson. 2000. The use of periphyton assemblage data as an index of biotic 
integrity. J. N. Am. Benthol. Soc. 19: 50-67.  

Iwaniec, D., D.L. Childers, D. Rondeau, C.J. Madden, and C.J. Saunders 2006. Effects 
of hydrologic and water quality drivers on periphyton dynamics in the southern 



Everglades. Hydrobiologia 569: 223-235.  
Karr, J.R. 1999. Defining and measuring river health. Freshwater Biology, 41:221-234.  
McCormick, P.A., and R.J. Stevenson. 1998. Periphyton as a tool for ecological 

assessment and management in the Florida Everglades. J. Phycol. 4: 726-733.    
McCormick, P.V., R.S. Rawlick, K. Lurding, E.P. Smith, and F.H. Sklar. 1996. 

Periphyton-water quality relationships along a nutrient gradient in the northern 
Florida Everglades.  J. N. Am. Benthol. Soc. 15: 433-449.  

Price, R.M., P.K. Swart, and J.W. Fourqurean, 2006. Coastal groundwater 
discharge - an additional source of phosphorus for the oligotrophic 
wetlands of the Everglades. Hydrobiologia 569: 23-36.  

Ross, M. S., E. E. Gaiser, J. F. Meeder and M. T. Lewin.  2001. Multi-taxon analysis of 
the "white zone", a common ecotonal feature of South Florida coastal wetlands.  
In Porter, J. and K. Porter (Eds). The Everglades, Florida Bay, and Coral Reefs 
of the Florida Keys.  CRC Press, Boca Raton, FL, USA. pp. 205-238.  

Stevenson, R.J. 2001. Using algae to assess wetlands with multivariate statistics, 
multimetric indices, and an ecological risk assessment framework, p. 113-140. 
In R.R. Rader, D.P. Batzger, and S.A. Wissinger [eds.], Biomonitoring and 
Management of North American Freshwater Wetlands. John Wiley & Sons.   

Thomas, S. E., E. E. Gaiser and F. A. C. Tobias.  2006. Effects of shading on calcareous 
benthic periphyton in a short-hydroperiod oligotrophic alkaline wetland 
(Everglades, FL, U.S.A.). Hydrobiologia 569: 209-221.  

Thomas, S., E. E. Gaiser, M. Gantar and L. J. Scinto.  2006. Quantifying the responses 
of calcareous periphyton crusts to rehydration:  A microcosm study (Florida 
Everglades).  Aquatic Botany 84: 317-323.  





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

Figure 10.  Periphyton data are summarized using target stoplight colors to 
illustrate how the performance measures relate to stoplight colors by location. 



 

Figure 11. Map showing periphyton performance by area using stoplight coded 
circles. 
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