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Introduction:


With the passage of the Water Pollution and Control Act (1972, “Clean Water Act”), states were charged with the task to “[r]estore and maintain the chemical, physical, and biological integrity of the Nation’s Waters”, which included wetlands (Water Pollution and Control Act §101(a)).  The methodology until recently was to infer ecosystem condition from water chemistry grab samples (Karr 1995).  At best, these data were synoptic in nature and rudimentary in their ability to reflect the true condition of the water body.  To wit, if a parameter was not specifically targeted for detection, then the water body could be considered “healthy” yet replete with toxics, metals, or physically altered such that it no longer resembled a fully functioning water body.   In the late 1980’s the United States Environmental Protection Agency (USEPA) realized the potential of biological criteria to asses the health of our Nation’s waters and mandated states to use biological indicators (United State Government Accounting Office 1988, USEPA 1990, Karr 1995).  

The State of Florida’s Department of Environmental Protection (FDEP) has created ecosystem health indices utilizing biological indicators for streams (Barbour et al. 1996) and lakes (Griffith et al. 1997).  These indices of biotic integrity (IBI’s, Karr 1981) have proven successful in determining the relative health of these ecosystems based on the comparison with “reference” (or minimally altered) systems within an ecological region (Barbour et al. 1996, Griffith et al. 1997).


Biological indicators for wetland health have been drafted in several states, including Ohio (Ohio EPA 2001), Minnesota (Gernes and Helgren 1999), Montana (Apfelbeck 2000), Washington (Granger et al. 1996) and others (see www.epa.gov/owow/wetlands/bawwg/case.html for national updates).   Currently, Florida is the only state in the southeastern coastal plain to be developing biological indicators for wetlands.  

Statement of the Problem:

As part of the mandate of the Clean Water Act, the State of Florida must implement biological methods of assessing the health of the waters of the State (Clean Water Act §101(a)).  Florida has thus far successfully created biological assessment metrics, or guidelines, to assess the health and integrity of the lakes (Griffith et al. 1997) and streams (Barbour et al. 1996) for the State.  Wetlands, however, pose a more vexing problem in creating biological assessment metrics (biometrics) than streams and lakes due to the extreme fluctuations in hydroperiod and the myriad response of wetland organisms to such stresses.    It may be assumed that the health of lacustrine and riverine wetlands can be inferred from the health of the major water body that they are associated with, namely lake systems and river systems.  Freshwater palustrine wetlands, however, occupy unique and typically hydrologically isolated positions on the landscape and thus their health must be directly assessed.  

Biological assessment metrics are more useful tools to assess wetland health than physical and chemical metrics due to the synoptic nature of most physical and chemical assessment methods (Karr and Chu 1997).  Wetland biological assessment metrics utilize wetland organisms, such as macrophytes, macroinvertebrates, and algae, which integrate stresses to the system over time, whereas physical and chemical assessment methods are often prone to the whims of hydrologic dilution and concentration of constituents.  

While biometrics are considered more reflective of wetland integrity than synoptic water quality data, palustrine wetland health by nature is difficult to ascertain.  The landscape position of most palustrine wetlands can obfuscate the response of wetland organisms to anthropogenic stresses as palustrine wetlands normally experience more severe hydrological stress than other freshwater wetland systems due to their lack of an associated water body to which organisms may find refuge during periods of extreme hydrologic stress.  

The landscape position of freshwater palustrine wetlands has also made the creation of biometrics a timely issue.  With the rapid expansion of Florida’s population and the conversion of pastureland and cropland into residential and urban areas, and the continued intensive agriculture for Florida’s citrus and winter truck crops, palustrine wetlands, typically low spots on the landscape have come under ever increasing stresses from urban runoff, sedimentation, nutrients, and physical destruction.  

With these factors in mind, the aim of this research is to answer the following questions on isolated freshwater depressional marsh wetlands:  

1. Ho:  Within each region, there are no differences in the organismal assemblages of isolated depressional marshes across a gradient of human disturbance.

· Macrophytes

· Macroinvertebrates

· Algae

Ha:  Within each region, there are differences in the organismal assemblages of marshes across a gradient of human disturbance.

2. Ho:  Tri-sectioning, quad-sectioning, or otherwise scoring responsive assemblages of organisms does not delineate wetlands along a gradient of human disturbance.

Ha:  Tri-sectioning, quad-sectioning, or otherwise scoring responsive assemblages of organisms does delineate wetlands along a gradient of human disturbance.

3. Ho:  Seasonal and yearly variation within a wetland is greater than the variation within wetlands along a gradient of human disturbance.  

Ha:  Seasonal and yearly variation within a wetland is less than the variation within wetlands along a gradient of human disturbance.   

Methods:  


The methods section describes the selection of the wetland type, the wetland impact, the sampling methodology, and the general statistical analysis methods.   

Wetland type selection.  Freshwater palustrine isolated wetlands are typically forested (Taxodium sp. and Nyssa sp. dominating), shrub-like (Salix sp., Ludwigia sp., Myrica cerifera, Schinus terrebrius, etc.), or marsh-like (Panicum sp., Rhynchospora sp., Juncus sp., Pontederia cordata, etc.).  During this project’s pilot study (1998), both forested and non-forested wetlands were sampled.  Subsequent intensive sampling in 1999 and 2000 focused on non-forested (and non-shrub) wetlands.  The rational behind this choice is related to the rate at which impacts are occurring to the herbaceous (non-forested) wetlands.  On a landscape level, herbaceous wetlands comprise a large percentage of Florida’s wetland landscape (approximately 34%, Doherty et al. 2000).  However, due to their inherent low structure (i.e. non-forested), these types of wetlands are easily lost during development (or compromised and made into water retention basins).  Non-forested wetlands also easily change structure and function under hydrologic stress – herbaceous marshes rely on hydrology and fire to deny most shrubs and tree species the opportunity to successfully root in the wetland (Kushlan 1990).  The severe alteration of the hydrology of the Florida landscape and the suppression of fire has created opportunities for atypical species to successfully take root in the herbaceous wetland proper; anthropogenic alterations have made it easier for species to pass through the Gleasonian sieve (van der Valk 1981).  


Wetland impact selection.  As with the wetland type selection, the pilot study in 1998 aimed to assess wetland health across a spectrum of impacts from urban to agricultural to silvicultural.  The sampling in 1999 and 2000 surveyed the impacts of agricultural practices on wetland health.  For the purposes of my study, agricultural practices include cattle impacts (nutrient loading, selective foraging, hydrologic alteration) as well as truck crops and citrus impacts (nutrient loading, chemical loading, hydrologic alteration).  As the data collected on impacted wetlands in 1999 was mostly for cattle impacts (15/18 impacted wetlands sampled), efforts in 2000 were moderately successful in increasing the number of truck crop and citrus impacted wetlands (8/22 impacted wetlands).  The rational for focusing on agricultural practices is related to both the extent that the Florida landscape is utilized for these practices (approximately 31% in 1998, www.fl-ag.com/agfacts/farmland.htm) and the potential affects that crop, citrus, and cattle operations can have on water quantity and quality (Winchester et al. 1985, Roth et al. 1996, Moss 1992).  

Wetland sampling.  Each wetland is to be sampled on several different scales, from sampling algae to simple macroinvertebrates to macrophytes.  During the initial stages of bioassessment indicator creation, it is worthwhile to sample at several different scales to ensure that a maximum amount of data is collected (Karr and Chu 1997).  It is imperative that sufficient information is collected so that the potential metrics may be explored and analyzed on several different scales, from the presence/absence of individual species to trends amongst families.  

· Algae:  Four types of algae are sampled; benthic algae, metaphyton, phytoplankton, and epiphyton.  Ten 10ml aliquots are taken for benthic algae, metaphyton, and epiphyton algae types from 10 representative areas within the wetland.  All algae samples are preserved using a modified Lugol’s solution (APHA 1995).  

· Benthic algae are sampled by taking an inverted cylinder of approximately 8cm diameter and placing it lightly atop the wetland bottom substrate.  A turkey baster is gently swirled about within the cylinder to mobilize the benthic algae, and 10ml are sampled from the whirling mixture.  

· Metaphyton is sampled by collecting approximately 1cm x 1cm of material and placing it in a 120ml sample jar that has a small amount of wetland water.

· Epiphyton is sampled by clipping vegetation at the waterline and at the root top and placing the material in a gallon bag with some water.  The bag is then thoroughly kneaded to mobilize the algae off the vegetative matter.  A sample is then taken from the gallon bag utilizing a rinsed turkey baster and placed in a 120ml sample jar.  

· Phytoplankton is sampled by collecting ten 100ml samples throughout the wetland and placing them in a 1L sampling container.

· Macroinvertebrates:  Macroinvertebrates are sampled following the Florida Department of Environmental Protection’s (FDEP) Standard Operating Procedures (SOP IZ #30, ftp://ftp.dep.state.fl.us/pub/qas/sop/622.pdf).  In short, the major habitat zones with standing water within a wetland are identified (i.e. Hypericum fringe zone, Amphicarpum muhlenburgia zone, Panicum hemitomum zone, Pontederia cordata zone, open water zone) and twenty dip-net sweeps with a D-frame dip net are taken according to the ratio of the zones.  In essence, if the Panicum sp. zone comprised approximately 40% of the wetland, and the 

· Pontederia cordata zone 20%, then eight sweeps would be done in the Panicum zone and four in the Pontederia cordata zone.  The remaining eight sweeps would be completed in the remaining 40% of the wetland.  The macroinvertebrates are identified by the FDEP following the FDEP’s central laboratory operating procedures.  

· Fish:  Fish are sampled using Breder fry traps (Breder 1969).  These traps are Plexiglas funnel traps consisting of an approximately 6” x 6” x 14” box with two 6” x 8” Plexiglas “herding” plates and an approximately 0.5” x 6” vertical slot for the fish to enter.  These traps have been used with great success in the South Florida Water Management District’s isolated wetland monitoring program (Mortellaro 1997).  Four traps are set up in the four main habitat zones at the surface of the water and held in place with rebar.  The traps operate for 1.5 hours, after which the fish captured are enumerated and identified and any unknown species are retained in Formalin for specialist identification.  

· Macrophytes:  Plants are sampled along four transects, each starting at the approximate wetland/upland boundary (determined through soil, vegetation, and hydrologic indicators) and ending at the approximate wetland center.  The transects are aligned north – center, south – center, east – center, and west – center.  The presence/absence of plant species are denoted along 1m x 5m quadrats, and water depth is noted each 5m.  Unknown species are kept and identified by plant experts in Gainesville.  

· Water Chemistry:  Water samples are collected at the approximate mid-point of the wetland following the FDEP’s Standard Operating Procedure (SOP IZ#24, ftp://ftp.dep.state.fl.us/pub/qas/sop/901.pdf).  In situ measurements consist of dissolved oxygen and temperature.  The water is shipped overnight to the FDEP Chemistry Lab where the following constituents are measured: color, specific conductivity, turbidity, pH, ammonia, nitrite/nitrate, TKN, and phosphorous.  

· Soil Chemistry:  The approximate areal percentage of each major vegetation zone in the wetland is noted in the field (e.g. Panicum hemitomun/Andropogon sp. fringe – 60% and Pontederia cordata center – 40%).  Four 10cm soil cores are taken within each zone and approximately 1 qt. is subsampled for each zone.  The subsamples are kept on ice and delivered to the University of Florida Soils Department for analysis of TP, TN, and % organic matter.  

· Additional analysis:  Assisting efforts by other researchers to develop methods of rapidly characterizing and thus assessing wetland health (Rochow 1994, Miller and Gunsalus 1997, Trott et al. 1997), the wetlands will be characterized by each of the methods currently available.  In addition, a comprehensive wetland characterization form may be created, encompassing the best components of each of the wetland characterization sheets.

Data Analysis.  Data obtained from wetlands sampled will be investigated in several manners in the process of creating biometrics.  The scoring methodologies shall include the use of scatter plots and triscectioning, box and whisker plots, multivariate analysis, presence/absence analysis, percent community similarity, and other analyses.  

Expected Outcome:


It is anticipated that the main output from the analysis of two year’s worth of field research on herbaceous, isolated depressional wetlands will be a list of potential biometrics, including macrophytes, macroinvertebrates, and algae indicators.  Additional information will include trends in vegetation, macroinvertebrates, and algal assemblages that will warrant further investigation.  
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