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The taxonomic composition of periphyton assemblages respond rapidly (days-weeks) to changes in water quality; hence periphyton inhabiting the Florida Everglades are routinely used as a monitoring tool to assess current and future management practices.  Current protocols employ taxonomic identification and biomass estimates, which are expensive and may not yield results within a suitable time frame required by managers.  Therefore, an alternative protocol that is rapid and less expensive is desirable.  

We are investigating periphyton chemotaxonomy as one such protocol for monitoring periphyton in the Florida Everglades. The basis of chemotaxonomic estimation of community structure derives from the ability to identify and quantify taxon specific pigments.  In the Everglades, periphyton respones to minor changes in water quality occur not only at the species level but at the division level as well (e.g., Cyanophyta, Chlorophyta, and Bacillariophyta).  Since algae in these divisions and classes within these divisions have distinct photosynthetic and photoprotectorant pigments, the use of chemotaxonomy seems an ideal protocol to investigate.  Our ultimate goal is the development of an overall methodology that will allow the simple extraction and HPLC-PDA analyses of the algal/bacterial pigments and provide reliable data sets for the estimation of community structures under the principles of ‘chemotaxonomy’.
The objective of this study was to develop a standard method for the extraction of photosynthetic and photoprotectorant pigments from periphyton.  In order to achieve this, we surveyed various extractants and extraction methodologies using fresh and freeze dried periphyton samples collected from WCA1 and WCA2.  The methods entailed grinding, steeping and combinations.  Extraction solutions were 90% aqueous acetone, acetone/methanol/water (45:45:10) and 90% aqueous dimethyl formamide (DMF).  Identification of chlorophylls, chlorophyll derivatives and carotenoids was by HPLC separation using the 2D analytical technique of reverse phase high performance liquid chromatography (RP-HPLC) coupled with full spectral (330-800 nm) photodiode array detection (PDA).

Yields were better with all solvents if grinding / sonication followed by steeping was performed on freeze dried rather than fresh samples.  Both DMF and acetone/methanol/water provided vastly superior injectate preparations when compared to acetone.  That is, the highly polar pigments (e.g., scytonemin, chlorophyll-c, chlorophyllides, pyrochlorophyllides, fucoxanthinol, et cetera) were separated with baseline resolution whereas severe overlap and peak broadening was found with acetone.  DMF yielded the highest epimerization of chlorophyll- and pheophytin-a.  Additionally, DMF provided the lowest extraction of bacteriochlorophyll-/bacteriopheophytin-a and the chlorophylls-c.  

Our results indicated that we can estimate the structure of Everglades periphyton at the division level using the following biomarker pigments: Cyanobacteria (echinenone), Chlorophyta (chlorophyll-b), Chyrsophyta (viz. diatoms: fucoxanthin), Pyrrophyta (peridinin) and Cryptophyta (alloxanthin).  Typically, cyanobacteria are estimated using zeaxanthin; however, based on recent work on epiphytes and microphytobenthos in Florida Bay and work here, we suggest that echinenone and canthaxanthin are superior cyanobacteria markers for Everglades periphyton.  Two bacteriochlorphyll groups were identified: purple (bacteriochlorophyll-a) and green/brown (bacteriochlorophyll-c) sulfur bacteria.  In the present study, the samples investigated yielded the following overall chemotaxonomic (cyano/chloro/diat/dino/crypto {oxygenic/anoxygenic}) distributions: WCA2A- 93/5/2/0.2/0 {~150:1}; WCA1- 65/20/15/0/0 {infinite}.

This study suggests that an HPLC-PDA protocol that yields reliable formulae with which to estimate the community structure of Everglades periphyton is possible.  Such a protocol, in conjunction with traditional periphyton taxonomy monitoring methods, will provide a rapid objective monitoring tool with which to follow periphyton community changes induced by the restoration (CERP) process.  Our further studies involve testing the CHEMTAX algorithm for data manipulation, one additional extractant (acetone/methanol/DMF/water), and field scale testing.
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