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Executive Summary 
 

This project developed a functional assessment method to evaluate designed freshwater and 

brackish water ecosystems used for water quality treatment.  This filter marsh functional 

assessment method (FMFAM) can be utilized for evaluating filter marshes and potentially 

crediting water quality improvements in Basin Management Action Plans (BMAPs) to address 

non-attainment of Total Maximum Daily Loads (TMDLs). The methodology has been developed 

in coordination with an interagency ñA-Teamò, which included representatives of the Florida 

Department of Environmental Protection (FDEP), the South Florida and Southwest Florida 

Water Management Districts (SFWMD, SWFWMD), local governments, and private sector 

water quality experts.  Team members developed an agreed-upon common baseline of 

knowledge about functional assessment methods.  The new method was developed, focusing on 

biological and physical surrogates for water quality measurements, and then multiply tested.  

After calibration, the new method was retested to assure that the surrogates are applicable. EPA 

and state, local and private sector practitioners will be invited to test the new method. The new 

method has been presented for use and acceptance by state, federal and local governments as one 

tool in the BMAP arsenal. 

 

Geographic Location: 

 

The geographic location of this project includes the Southwest Florida Regional Planning 

Council and Charlotte Harbor National Estuary Program Study Areas; Sarasota Bay Program 

Study Area and the Big Cypress Watershed; Sarasota, Manatee, Charlotte, Desoto, Glades, 

Hendry, Collier, and Lee Counties; HUC:  03100103, Charlotte Harbor; 03090205, 

Caloosahatchee; 03100101, Peace; 03100102, Myakka; 03100201, Sarasota Bay including 

Lemon Bay and Dona & Roberts Bays; 03090204, Big Cypress Swamp including Estero Bay 

 

 

Project Description 
This project addresses the Core Element of Regulatory Activities.  Applicable Actions and 

Activities include ñActively review proposed impacts to waters of the ñstateò ï develop standard 

practices or general authorizations for like projects impacting similar aquatic resourcesò; 

ñDetermine and adopt comprehensive project review criteria ï adapt and adopt 404(b)(1) 

guidelines or comparable review criteria for assessing and minimizing impactsò; ñRequire 

effective mitigation for authorized impacts ï develop and establish minimum requirements and 

review criteria for mitigation proposalsò, ñTrack/Evaluate ï development and adoption of state, 

tribal, or municipal rules to protect wetlandsò; ñEnsure impact assessments and mitigation 

crediting lead to replacement of aquatic resources with similar structural, functional or condition 

attributes ï develop and adopt functional or condition assessment methodologies, develop and 

establish performance standards and success criteria for mitigation, develop methods to evaluate 

mitigation against reference and pre-impact sites regularly, develop and improve a process to 

coordinate regulatory programs with other entities conducting restoration to share best practices, 

mitigation/restoration priorities, and/or assessment methodologies.  
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The Federal Clean Water Act provides the statutory basis for state water quality standards 

programs. Section 303(d) of the CWA requires states to submit lists of surface waters that do not 

meet applicable water quality standards after implementation of technology-based effluent 

limitations, and to establish Total Maximum Daily Loads (TMDLs) for these waters on a 

prioritized schedule. TMDLs establish the maximum amount of a pollutant that a water body can 

assimilate without exceeding water quality standards. As such, development of TMDLs is an 

important step toward restoring wetlands and other surface waters to their designated uses. In 

order to achieve the water quality benefits intended by the CWA, it is critical that TMDLs, once 

developed, be implemented as soon as possible.  

 

Chapter 99-223, Laws of Florida, sets forth the process by which the 303(d) list is refined 

through more detailed water quality assessments.  Implementation of TMDLs refers to any 

combination of regulatory, non-regulatory, or incentive-based actions that attain the necessary 

reduction in pollutant loading. A Basin Management Action Plan (BMAP) is the "blueprint" for 

restoring impaired waters by reducing pollutant loadings to meet the allowable loadings 

established in a TMDL. It is a comprehensive set of strategies that includes an inventory of 

existing and future watershed restoration projects designed to implement the pollutant reductions 

established by the TMDL; a timeframe for implementation; and operational and maintenance 

plans that are required to meet the TMDLs.  These broad-based plans are developed with local 

stakeholders and are adopted by Secretarial Order to be enforceable. This regulatory requirement 

impacts the capital improvement budgets of counties, cities, special drainage and water control 

districts, and has legal implications for failure to comply. Local government utilities and 

National Pollution Discharge Elimination System (NPDES) permits will be subject to stricter 

permit requirements in the near future.  

 

Florida has experienced a general decline in the quality of its surface water over the last several 

decades due to development, agriculture and other human activities. The major pollutant of 

concern in Southwest Florida is nutrients. There are many sources of nutrients entering the 

watersheds: atmospheric deposition, contributions from plants and wildlife, development, 

automobile exhaust, septic tanks, fertilizer (both residential and agricultural) and domesticated 

animal waste. Nutrients are naturally occurring in Floridaôs watersheds, however excessive 

nutrients, particularly ammonia, nitrates, and nitrites added to the landscape and water through 

human activity, constitute pollution. Natural phenomena such as tropical storms combined with a 

savanna climate of intense wet season storms further exacerbate this decline in water quality by 

increasing rapid flush storm water pollution loading to local water bodies. Manôs 

mismanagement of water quality and water quantities coupled with a changing climate is 

resulting in harmful algal blooms, negative impacts to human and wildlife health and the 

economy, and has limited the use of water resources. This can be attributed to the fact that local 

receiving waters have surpassed their natural capacity to assimilate nutrients due to over-

enrichment from human activity.  

 

Many southwest Florida watersheds are verified impaired for nutrients by FDEP and TMDLs 

have been established for them. Lee County is currently working with FDEP, SFWMD, the cities 

and non-governmental stakeholders to develop a BMAP or restoration plan to address water 

quality problems. Other local governments in the region have undertaken the start of BMAP 

planning for their watersheds as well. One of the important affirmative tools available to 
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implement a BMAP is the restoration and/or creation of depressional or flats wetland treatment 

systems.  These systems can reduce water quality pollution through the biological activity of 

vegetation and wetland metabolism.  These processes reduce the pollution concentration and 

loading in the treatment wetland before discharge to the receiving waterbody.  

 

It is important, in the development of water quality treatment areas, to gauge the attained or 

potential achievement of the BMAP goals. A field-based rapid assessment procedure that 

provides a functional assessment of water quality compatible with the State-adopted Uniform 

Mitigation Assessment Method (UMAM) and Federal Hydrogeomorphic (HGM) depressional 

and flats wetlands methods can be a vital tool to achieve these water quality improvement goals. 

This project will build upon the work completed by the applicant in the previous projects 

associated with wetland functional assessment methods and water quality issues in Florida: A 

Watershed Analysis of Permitted Coastal Wetland Impacts and Mitigation Methods within the 

Charlotte Harbor National Estuary Program Study Area;  Growth Management Regulation, 

Public Investment and Resource Implications for the Estero Bay Watershed; and Comprehensive 

Southwest Florida Charlotte Harbor Climate Change Vulnerability Assessment.  

 

Wetland assessment procedures began to be developed in the 1970s in an effort to demonstrate 

that wetlands provide benefits beyond narrowly defined commercial and recreational outcomes 

(Leonard et al. 1981, U.S. Environmental Protection Agency 1984). Overall, wetland assessment 

procedures that have attempted to link individual functions with services and values have done 

so in a very limited way, were not fully developed or field tested, and have not been widely used. 

They were also developed before it was possible to take advantage of advances in valuation 

theory and modern data storage and retrieval systems. The current trend in wetland assessment 

has been to improve procedures for evaluating functions (e.g., HGM Approach (Smith et al. 

1995), Index of Biological Integrity (IBI) (Karr 1981, 1998), WEThings (Whitlock, Jarmon, and 

Larson 1994;Whitlock et al. 1994) and to leave the assessment of all related socioeconomic 

trade-offs to be worked out through the political process.  

 

The FDEP basins included in the proposed study area include Everglades West Coast, Charlotte 

Harbor, Sarasota Bay/Peace River/Myakka River Basin, Caloosahatchee, and Fisheating Creek. 

Within these basins, 21 TMDLs are set in 20 water bodies, and 2 water bodies are considered 

priority areas with BMAP activities in progress. 

 

Introduction and History of Functional Assessment Methods for Wetlands Up 

to the Current Project  

 

A Short History of Functional Assessment Methods 

 

Until 1960 the typical way to assign a functional value to a wetland was to assign it an economic 

market value as a development site. This was followed by occasional attempts to measure the 

economic value of recreational services wetlands supported, especially those associated with 

hunting and fishing (King et al. 2000).  

 



FMFAM September 30, 2015 

4  

 

Wetland assessment procedures began to be developed in the 1970s in an effort to demonstrate 

that wetlands provide benefits beyond narrowly defined commercial and recreational outcomes 

(Leonard et al. 1981, U.S. Environmental Protection Agency 1984).  It was always the intent in 

these early efforts to find a suite of wetland values and functions that exceeded, perhaps by 

several orders of magnitude, the simple accounting of acre for acre values of wetland mitigation 

replacement. They were also developed before it was possible to take advantage of advances in 

valuation theory and modern data storage and retrieval systems. 

 

 Habitat Evaluation Procedure (HEP) 

 

The Habitat Evaluation Procedure or HEP (developed by the U.S. Fish and Wildlife Service in 

1980) is the most noteworthy of these procedures because it was one of the first and most 

comprehensive. It is still a widely used method for establishing nonmonetary currencies of 

habitat value (USFWS 1980b). The Habitat Suitability Index (HSI) and habitat units (HUs) 

developed using HEP provide a means to document professional judgments about the adequacy 

or equivalency of habitats for various fish and wildlife species. They can be used to evaluate 

some types of habitat trades and mitigation proposals. 

 

 Human Use and Economic Evaluation or HUEE  

HEP focuses primarily on site characteristics that satisfy the needs and preferences of particular 

fish and wildlife species (e.g., breeding and feeding conditions), not on site and landscape 

characteristics that determine how improving habitats for those fish and wildlife is likely to 

satisfy the needs and preferences of people. A significant amount of conceptual work went into 

the development of a component of HEP called the Human Use and Economic Evaluation or 

HUEE (USFWS 1985), which did deal with those habitat values. However, indices related to 

wetland values were never fully developed or field tested and, unlike the rest of the HEP method, 

the HUEE module has not been widely used.  

 

 Standards for the Development of Habitat Suitability Index Models  

The impetus for the development of the HSI series was the Habitat Evaluation Procedures, or 

HEP (USFWS 1980a), a planning and evaluation technique that focuses on the habitat 

requirements of fish and wildlife species. Methods in the HSI model series have been formatted 

according to Standards for the Development of Habitat Suitability Index Models (USFWS 

1981). The HSI series models are similar to other sources of information that address, in general 

terms, the habitat requirements of fish and wildlife species. Several other efforts to compile 

species databases have been initiated in recent years (e.g., Mason et al. 1979; USFWS 1980b).  

These other databases are descriptive in content and contain an array of habitat and population 

information, while the HSI series is unique in that it is constrained to habitat information only, 

with an emphasis on quantitative relationships between key environmental variables and habitat 

suitability. In addition, HSI synthesizes habitat information into explicit habitat models useful in 

quantitative assessments. The HSI models reference numerous literature sources in an effort to 

consolidate scientific information on species-habitat relationships. 
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 0.0 to 1.0 scale for Functional Assessment Methods  

 

HSI models provide a numerical index of habitat suitability on a 0.0 to 1.0 scale, based on the 

assumption that there is a positive relationship between the index and habitat carrying capacity 

(USFWS 1981).  This scale became the standard for all later Functional Assessment Methods. 

The models vary in generality and precision, due in part to the amount of available quantitative 

habitat information and the frequently qualitative nature of existing information. When possible, 

HSI models are derived from site-specific population and habitat data. 

 

 HSI Models  

 

The HSI models are usually presented in three basic formats: (1) graphic; (2) word; and (3) 

mathematical. The graphic format is a representation of the structure of the model and displays 

the sequential aggregation of variables into an HSI. Following this, the model relationships are 

discussed and the assumed relationships between variables, components, and HSIs are 

documented. Finally, the model relationships are described in mathematical language, mimicking 

as closely and as simply as possible, the preceding word descriptions. 

 

 Numerous assessment procedures specific to wetlands have been developed since HEP.  

Some of them attempt to address wetland values by measuring functions and then identifying 

significant risks or exceptional values associated with each function using ñred flagsò or 

ñnoteworthinessò rankings  Habitat Assessment Technique (Cable, Brack, and Holmes 1989), 

Evaluation for Planned Wetlands (EPW) (Bartoldus, Garbisch, and Kraus 1994), New England 

Freshwater Wetlands Invertebrate Biomonitoring Protocol (NEFWIBP) (Hicks 1997)). 

 

These simple add-on approaches are based on the presence or absence of notable features, such 

as endangered species or designated historic or archeological areas. They do not attempt to make 

links between functions, services, and values.  

 

A few procedures include simplified models or questions that are used to assign scores to 

wetlands based on social categories such as recreation, aesthetics, agricultural potential, and 

educational values: 

 

1. New Hampshire Method (Ammann and Stone 1991) 

2. Connecticut Method (Ammann, Frazen, and Johnson 1986) 

3. Hollands-Magee Method (Hollands and Magee 1985) 

4. Minnesota Routine Assessment Method for Evaluating Wetland Functions (MNRAM) 

(Minnesota Board of Water and Soil Resources 1998) 

5. Oregon Freshwater Wetland Assessment Methodology (OFWAM) (Roth et al. 1996)).  

 

Some of them also weave concepts of function and value into a measure called ñfunctional 

valueò (e.g., Ammann, Frazen, and Johnson 1986; Ammann and Stone 1991).  However, the 
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criteria used in those methods to assign relative values to different wetlands or to distinguish 

between levels of function and associated values are not clearly defined. 

 

The Wetland Evaluation Technique (WET) (Adamus et al. 1987) is exceptional in that it 

provides a basis for estimating separate ratings of social significance for most functions. 

 However, in the WET approach, site evaluators are asked to ñvalueò a function as low, medium, 

or high based on the likelihood of its being ñsocially significant,ò not on the level of social 

significance. Because these ratings relied on only a few easily recognized factors, the social 

significance component of the WET approach was used fairly often and yielded predictable and 

consistent results when applied by different wetland assessors. However, the advantage of having 

an approach that was easy to use and consistent came at a cost. WET indices did not address 

many important differences between wetlands that influence the links between wetland 

functions, services, and values and yielded empirical rankings that were difficult to interpret or 

defend. Because of these technical limitations, the valuation component of the WET method is 

rarely used today. 

 

Overall, the earlier wetland assessment procedures that have attempted to link individual 

functions with services and values have done so in a very limited way, were not fully developed 

or field tested, and have not been widely used. They were also developed before it was possible 

to take advantage of advances in valuation theory and modern data storage and retrieval systems.  

The 1990ôs trend in wetland assessment has been to improve procedures for evaluating 

functions; 

 

HGM Approach (Smith et al. 1995) 

Index of Biological Integrity (IBI) (Karr 1981, 1998) 

WEThings (Whitlock, Jarmon, and Larson 1994; Whitlock et al. 1994)  

 

and to leave the assessment of all related socioeconomic trade-offs to be worked out through the 

political process. This limits the usefulness of wetland assessment procedures and makes it 

difficult for wetland managers and regulators to defend using the results. It also leaves them with 

very little technical justification for protecting ñvaluableò wetlands or preventing mitigation 

trades that result in the replacement of ñvaluableò wetlands with less ñvaluableò wetlands.  

 

 Rapid Assessment Procedure (RAP) 

 

The original Rapid Procedure for Assessing Wetland Functional Capacity or Rapid Assessment 

Procedure (RAP) was developed to provide a procedure for assessing functional capacity of 

wetlands in the glaciated northeast and Midwest of the United States of America. 

 

It also served as the original template and provided a step by step process for developing rapid 

assessment procedures for other regions of the continental United States, including Florida. The 

original RAP required a two person team of experienced wetland scientists, one with a 

soils/hydrology background and the other competent in plant identification and ecology. It was 

applicable to depressional, slope, lacustrine fringe, extensive peatland, flat and riverine wetlands. 
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The procedure template was designed to be applicable to all wetland types in the continental 

United States. Approximately eight wetland functions were evaluated 

 

1. modification of ground water discharge 

2. modification of ground water recharge 

3. storm and flood water storage 

4. modification of stream flow 

5. modification of water quality 

6. export of detritus; contribution to abundance 

7. diversity of wetland vegetation 

8. contribution to abundance and diversity of wetland fauna. 

 

 Functional Capacity Index (FCI) and Functional Capacity Units (FCUs) 

 

To implement the method, the user(s) distinguished the wetland assessment areas (WAAs) based 

on hydrogeomorphic wetland class (Brinson 1993) and physical separation criteria. 

 

The user then visited the wetland assessment area and completed the inventory sheet by selecting 

conditions that best described various landscape, hydrologic, soils, vegetation variables. 

Vegetation types/species and pre-emptive status were also identified. Information from the 

inventory sheet was applied to the models which (a) contain variables, (b) list conditions for each 

variable, (c) assign a weight (scale 0-3) to conditions for each variable, and (d) provide space for 

calculating the functional capacity index (FCI). Functional Capacity Units (FCUs) may also have 

been calculated. The output of RAP is a measure of functional capacity of a site relative to the 

range of possible scores for a given model. 

 

 Wetland Rapid Assessment Procedure (WRAP) 

 

The Wetland Rapid Assessment Procedure (WRAP) was designed to provide a consistent, timely 

regulatory tool for evaluating freshwater wetlands that have been created, enhanced, preserved, 

or restored through the regulatory programs of the South Florida Water Management District and 

the Environmental Resource Permit process. M-WRAP is a modified version of WRAP designed 

for use in reviewing mitigation banks and to aid in determining the number of credits. E-WRAP 

is a modified version of WRAP designed for use in the assessing estuarine systems and contains 

different descriptors in the models for the estuarine environment and policy guidance for the 

assessment of sites in mosquito impoundments. Professional understanding of functions in 

Florida freshwater wetland ecosystems and familiarity with flora and fauna with respect to 

specific ecosystems are required to effectively utilize WRAP. Over 200 sites were visited during 

the development of WRAP. 

 

The variable categories assessed include six variables: 

1. wildlife utilization 

2. overstory/shrub canopy of desirable species 
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3. wetland vegetative ground cover of desirable species 

4. adjacent upland/wetland buffer 

5. field indicators of wetland hydrology 

6. water quality input and treatment. 

The user(s) review(s) existing information (e.g., identify land uses adjacent to the site and on-site 

hydrology), visits the wetland area, and completes the data sheet. The data sheet (a) identifies the 

variables, (b) lists three or more calibration descriptors for each variable, and (c) assigns a score 

(range 0 to 3) to each description. Scores for each variable are summed and divided by the 

maximum possible score to derive a WRAP score (scale 0.0-1.0) for the wetland.  

 

For this study we will use as our starting points the two current prevalent functional assessment 

methods utilized in Florida and the CHNEP study area: The State of Floridaôs Uniform 

Mitigation Assessment Method (UMAM) and the Federal Hydrogeomorphic Methodology 

(HGM). 

 

  Uniform Mitigation Assessment Method 

 

In response to a request by the Florida state legislature in 1999 to "study mitigation 

optionséimplemented from 1994 to the present andéconsider the effectiveness and costs of the 

current mitigation options in offsetting adverse effects to wetlands and wetland functions" 

(Section 373.414(18)(b), F.S., 1999), the Office of Program Policy Analysis and Governmental 

Accountability (OPPAGA) submitted a report in 2000 (Report No. 99-40) highlighting some of 

the shortcomings of the current mitigation process. 

 

In particular, while the State could track the acreage of wetland loss and the acreage of 

mitigation, the report concluded that this information was not sufficient to ensure the 

replacement of wetland function resulting from wetland impacts. The recommendation of 

developing of a state wide wetland assessment method became law in 2000. 

 

The Florida Department of Environmental Protection (FDEP) and the water management 

districts (SFWMD,SWFWMD,SJRWMD,SRWMD) worked closely to develop the Uniform 

Mitigation Assessment Method (UMAM) rule (Chapter 62-345, F.A.C.), which became effective 

in February 2004.   

 

The UMAM is designed to assess any type of impact and mitigation, including the preservation, 

enhancement, restoration, and creation of wetlands, as well as the evaluation and use of 

mitigation banks, and it provides a framework for statewide standardized wetland assessment 

across community type and assessor. 

 

 The assessment area is evaluated based on two main parts, a qualitative description and a 

quantification of the assessment area.  For the latter section, sites are evaluated in three 

categories, scored numerically on a scale from 0 to 10 (where 10 indicates a minimally impaired 

system). 
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The first category, Location and Landscape Support, examines the ecological context within 

which the system operates. The second examines the Water Environment, including rapid 

inference of hydrologic alteration and water quality impairment The third focuses on Community 

Structure and more specifically Vegetation and Structural Habitat, for areas with plant cover, and 

Benthic and Sessile Communities, for areas with a submerged benthic community. 

 

Part 1, the Qualitative section provides a frame of reference for the type of community being 

assessed. It is completed (mostly) before visiting the site. This identifies the functions that will 

be evaluated. The fields to be filled out are self-explanatory (mostly) 

The Florida Land Use and Cover Classification System (FLUCCS) code can be tricky. Defining 

the wetland community type that is being assessed is key. If the site is not a native community, 

like a borrow pit lake, the policy is to use a community type with most analogous functions as a 

reference If the site is a wetland altered anthropogenically, the historic community type at that 

location is used as reference. If any previous impacts to the site are temporary in nature, they can 

be ignored. The factors to consider include soils, remnant plant communities, aerial photos prior 

to alteration, and local knowledge. Generally, ñif the area is currently a self-sustaining native 

community, the reviewer is directed to ócall it as you see itôò. Further classification can use FNAI 

Natural Community Types. Significant nearby features refers to features that might affect the 

values of the functions provided by the wetland being assessed. Uniqueness refers to the relative 

rarity of the wetland type or any floral or faunal component in relation to the surrounding 

regional landscape. Functions includes: providing cover, substrate, and refuge; breeding, nesting, 

denning, and nursery areas; corridors for wildlife movement; food chain support; and natural 

water storage, natural flow attenuation, and water quality improvement. Anticipated wildlife 

utilization does not need to include all species that utilize the area, but must include all listed 

species and all species that are characteristic of the native community type considering the size 

and geographic location of the assessment area 

 

Part 1, the Quantitative section : An impact or mitigation assessment area must be described with 

sufficient detail to provide a frame of reference for the type of community being evaluated and to 

identify the functions that will be evaluated.  Part I is completed before scoring the assessment 

area in Part II, since this frame of reference will be used to determine the degree to which the 

assessment area provides those functions and the amount of function lost or gained by the 

project. Much of the information in Part I can be compiled in the office using ERAtools or 

ERAonline and aerial photographs, topographic and other maps, scientific literature, technical 

reports, and similar information. Other portions however, should be completed during the site 

visit, such as the ñAssessment Area Descriptionò and ñObserved Evidence of Wildlife 

Utilization.ò   

 

The wetland field guides contain detailed descriptions and reference information for wetlands 

classified by FLUCCS code.  
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Figure 1: UMAM Page 1 

 

 

Office work with the ERAtools or ERAonline 

http://publicfiles.dep.state.fl.us/DWRM/wetlands/eratools/  provides much of the information for 

the first part of the form. Using aerial photos, land use/land cover maps and other resources, the 

reviewer becomes as familiar with the site as possible noting uniqueness of the site and 

significant surrounding features.  Provide a brief overview description of the assessment area. 

The wetland field guides 

http://www.dep.state.fl.us/water/wetlands/delineation/wetcomm/fieldguides.htm  

are helpful in filling out the anticipated wildlife utilization and utilization by listed species. 

 

The last two sections of UMAM Part I are best filled out in the field during the field visit. 

 

Site/Project Name Application Number Assessment Area Name or Number

Impact or Mitigation Site? Assessment Area Size

Assessment conducted by: Assessment date(s):

 PART I ï Qualitative Description

Form 62-345.900(1), F.A.C.   [ effective date 02-04-2004 ]

Additional relevant factors:

Observed Evidence of Wildlife Utilization (List species directly observed, or other signs such as tracks, droppings, casings, nests, etc.): 

Anticipated Utilization by Listed Species (List species, their legal 

classification (E, T, SSC), type of use, and intensity of use of the 

assessment area)

Anticipated Wildlife Utilization Based on Literature Review (List of species 

that are representative of the assessment area and reasonably expected to 

be found )

(See Section 62-345.400, F.A.C.)

Special Classification (i.e.OFW, AP, other local/state/federal designation of importance)Affected Waterbody (Class)Basin/Watershed Name/Number

 FLUCCs code Further classification (optional)

Geographic relationship to and hydrologic connection with wetlands, other surface water, uplands

Functions Mitigation for previous permit/other historic use

Significant nearby features

Assessment area description

 Uniqueness  (considering the relative rarity in relation to the regional 

landscape.)

http://publicfiles.dep.state.fl.us/DWRM/wetlands/eratools/
http://www.dep.state.fl.us/water/wetlands/delineation/wetcomm/fieldguides.htm
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Figure 2: UMAM Page 1, breakdown of sections with location of completion. 

 

 

 

Steps for completing Part 1. 
 

1. Review permit application and identify the assessment areas (proposed 

wetland/surface water impact area(s) and proposed mitigation area(s).   

2. Compile information for Part I - Qualitative Characterization, as follows: 

Á Use the ERAtools to obtain the following information for the assessment 

area and surrounding areas : 

Å FLUCCS code (level 3) for  ecological communities and 

land cover 
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Å Size of Assessment area 

Å Basin/watershed name/number 

Å Water bodies and their classification 

Å Maps and aerial photos of the assessment area and 

surrounding area 

Å Wetland field guides 

Á Print aerial maps (100 meter and 1 mile buffer) of assessment area and 

locate possible sampling sites based on surrounding landscape and land 

uses, vegetation signature within sampling area, and size of assessment 

area. 

3. Complete the office portions of Part 1 - Qualitative Characterization for each type 

of assessment area identified. 

 

Prior to going to the fieldé  
1. Obtain regionalized weather data  

 

In the Fieldé  

 The last two sections of Part I, can be completed in the field:  

 

 

Observed Evidence of Wildlife Utilization ~ List species directly observed or other signs such 

as tracks, droppings, casings, nests, burrows, etc. 
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Figure 3: UMAM Page 1, sections completed in the field 

 

Additional Relevant Factors ~ Some additional  factors may be identified in the office, for 

instance administrative actions by local governments that affect the site.  Others may become 

evident upon a site visit, i.e., changes in surrounding land use since the most recent aerial 

photographs. 

 

Upon reaching the Assessment Areaé  

1. Review UMAM Part I - Qualitative Characterization, and make any necessary 

adjustments to Geographic Relationships/Hydrologic Connections, Description, and 

Significant Nearby Features.  

2. Consult maps and aerial photographs obtained in Part I - Qualitative Characterization to 

verify the correct Assessment Area. 

3. Consult other information obtained in Part I, such as weather data, Field Guides etc. to 

become familiar with conditions, species, etc. that are likely to be encountered. 

4. On aerial photographs, determine locations of wetland/water body edge and tentative 

locations of walking transects based on Standardized Field Protocol. 

5. Conduct the Standardized Field Protocol 

6. Score the three Functional Assessment Categories: 

7. Location and Landscape Support 

8. Water Environment 

9. Community Structure 

10. Calculate final overall score with adjustments. 

 

Part 2. Scoring 

Three main functions are evaluated 

Location and Landscape Support 

The ecological relationship between the assessment area and the surrounding 

landscape 

 

Water Environment 

The quantity of water including the timing, frequency, depth and duration of 

inundation or saturation, flow characteristics, and the quality of that water 

 

Community Structure ï may refer to the vegetative or the benthic community 

The presence, abundance, health, condition, appropriateness, and distribution of plant 

communities (or, in marine or freshwater aquatic systems, benthic communities) in 

surface waters, wetlands 

 

All functions are scored from 0 to 10 (whole numbers only) based on the level of function 

that benefits fish and wildlife:  

 

10 = optimal, 7 = moderate, 4 = minimal, 0 = not present 

 

Each function has characteristics that are to be taken into consideration when determining the 

score for that function. 
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There is debate concerning whether or not these characteristics should be individually scored 

and then those scores averaged to determine a score for a particular function. 

 

Part II - Quantification of Assessment Area  
 

Scoring UMAM Part IIé 
There are three sections for scoring: 

Å   Location and Landscape Support 

Å   Water Environment 

Å   Community Structure 

éand a final section that is the overall score of the assessment area as well as adjustments to 

scoring based on preservation vs. mitigation, time lag, and risk factors. 
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Figure 4: UMAM Page 2, sections completed in the field 

 

 

Each impact assessment and each mitigation assessment area must be evaluated under two 

conditions:  

a. Current condition (or without preservation in the case of preservation 

mitigation)and 

 

b. ñWith impactò or ñWith mitigationò ï These assessments are based on the 

reasonably expected outcome, which may represent an increase, decrease, or no 

change in value relative to the current condition. 
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Figure 5: UMAM Page 2, sections completed in the field current condition in blue and with 
impact and/or mitigation in yellow  

 

 

Location and Landscape Support - 62-345.500(6) (a), FAC  
 

Eight attributes are identified in the UMAM Rule to evaluate this category. To provide guidance, 

examples that depict variation in conditions for each of the attributes are included.  

 

Å Support to wildlife by outside habitats 

Å Invasive exotics or other invasive plant species in proximity of the assessment area  

Å Wildlife access to and from outside ï distance and barriers 
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Å Functions that benefit fish and wildlife downstream ï distance or barriers 

Å Impacts of land uses outside assessment area to fish and wildlife 

Å Benefits to downstream or other hydrologically connected areas 

Å Benefits to downstream habitats from discharges 

Å Protection of wetland functions by upland mitigation assessment areas  

 

Be aware that not all attributes are applicable to all assessment areas and in some cases, some 

attributes may be more relevant than others.   

 

 
Figure 6: UMAM Scoring Worksheet - Location and Landscape Support 

 

Twelve attributes are identified in the UMAM Rule to evaluate this category. To provide 

guidance, examples that depict variation in conditions for each of the attributes are included.  

Å Water levels and flows  

Å Water level indicators  

Å Soil moisture 

Å Soil erosion or deposition 

Å Evidence of fire history 

Å Vegetation - community zonation 

Å Vegetation ï hydrologic stress 

Å Use by animal species with specific hydrological   requirements 

Å Plant community composition ï species tolerant of and associated with water quality 

degradation or flow alteration 
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Å Direct observation of standing water 

Å Existing water quality data 

Å Water depth, wave energy, currents and light penetration  

Be aware that not all attributes are applicable to all assessment areas and in some cases, some 

attributes may be more relevant than others.   

 

 
Figure 7: UMAM Scoring Worksheet - Water Environment 

 

1. Vegetation and Structural Habitat (continued)  
Ten attributes are identified in the UMAM Rule to evaluate the ñVegetation and Structural 

Habitatò section of this category. To provide guidance, examples are given that depict variation 

in conditions for each of the attributes.  

Å Plant species in the canopy, shrub, or ground stratum 

Å Invasive exotics or other invasive plant species 

Å Regeneration & recruitment 

Å Age & size distribution 

Å Density and quality of coarse woody debris, snag, den, and cavity 

Å Plant condition 

Å Land management practices 

Å Topographic features such as refugia ponds, creek channels, flats or hummocks 

Å Siltation or algal growth in submerged aquatic plant communities 

Å Upland mitigation area - level of habitat and support for fish and wildlife in the 

associated wetlands or surface waters 
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Be aware that not all attributes are applicable to all assessment areas and in some cases, some 

attributes may be more relevant than others. 

 

 
Figure 8: UMAM Scoring Worksheet - Community Structure: Terrestrial  

 

2. Benthic and Sessile Communities (continued)  
Seven attributes are identified in the UMAM Rule to evaluate the ñBenthic and Sessile 

Communitiesò section of this category. To provide guidance, examples that depict variation in 

conditions for each of the attributes are included.  

Å Species number and diversity of benthic organisms 

Å Non-native or inappropriate species 

Å Regeneration, recruitment and age distribution 

Å Condition of appropriate species 

Å Structural features 

Å Topographic features such as relief, stability, and interstitial spaces (hardbottom and reef 

communities) or snags and coarse woody debris (riverine systems) 

Å Spawning or nesting habitats 

Be aware that not all attributes are applicable to all assessment areas and in some cases, some 

attributes may be more relevant than others.  
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Figure 9: UMAM Scoring Worksheet - Community Structure: Benthic  

 

Part II Score - 62-345.500(7), FAC  
 

The Part II score for an impact, wetland, or surface water mitigation assessment area is 

determined by summing the scores for each of the indicators and dividing that value by 30 to 

yield a number between 0 and 1.  For upland mitigation assessment areas, the Part II score is 

determined by summing the scores for the location and community structure indicators and 

dividing that value by 20 to yield a number between 0 and 1.  

The mathematical difference between the current condition and with-impact condition 

assessment, and between the current condition or without preservation and the with mitigation 

condition assessments is termed the ñdelta.ò 
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Figure 10: Calculation of combined scores and the delta between the two. 
 

 Preservation Adjustment Factor - 62-345.500 (3), FAC  

 

When assessing preservation, the gain in ecological value is determined by multiplying the delta 

by a preservation adjustment factor.  The preservation adjustment factor is scored on a scale from 

0 (no preservation value) to 1 (optimal preservation value), on one-tenth increments.  The score 

is based on:  

 

1. The extent the preserved area will promote natural ecological conditions such as fire 

patterns or the exclusion of invasive exotic species. 
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2. The ecological and hydrological relationship between wetlands, other surface waters, and 

uplands to be preserved. 

3. The scarcity of the habitat provided by the proposed preservation area and the level of 

use by listed species. 

4. The proximity of the preserved area to areas of national, state, or regional ecological 

significance, and whether the areas to be preserved include corridors between these 

habitats.   

5. The extent and likelihood of potential adverse impacts if the assessment area were not 

preserved. 
 

Mitigation Determination Formulas - 62-345.600 (3), FAC  

After calculating the FL and RFL, you can use the Mitigation Determination Formulas on the left 

to determine: 

1. Total Potential credits for a mitigation bank 

2. Mitigation needed to offset impacts when using a bank 

3. Mitigation needed to offset impacts, when not using a bank 

 

UMAM Uniform Mitigation Assessment Method TRAINING MANUAL  

Web-based training manual for Chapter 62-345, FAC for Wetlands Permitting 

Eliana Bardi, Mark T. Brown, Kelly C. Reiss, Matthew J. Cohen 

 

This manual was developed to assist in the implementation of Chapter 62-345, Florida 

Administrative Code, Uniform Mitigation Assessment Method (UMAM).   

Since 1998, The University of Florida Howard T. Odum Center for Wetlands (UF-CFW), 

through funding from the Florida Department of Environmental Protection (FDEP) under 

contract #WM-683, has collected a variety of data, such as data on the community composition 

of the algal, macrophyte, macroinvertebrate assemblages, as well as water and soil parameters, 

from over 200 herbaceous and forested wetlands (n=75 and n=142, respectively) throughout 

Florida.  The sample wetlands were exposed to a variety of impacts and embedded in an array of 

land uses, ranging from reference to silviculture, agriculture, and urban (the latter for forested 

wetlands only).  Using data collected during the past six years, the UF-CFW has developed a 

number of tools that can assist permitting personnel and consultants in the implementation of the 

UMAM.   

 

This manual is designed to be used as a guide in completing Parts I and II of the UMAM by 

providing step-by-step instructions for gathering and compiling the information for Parts I and II, 

and providing examples of attributes identified in the UMAM rule.   

 

Hydrogeomorphic (HGM) Approach 

 
The Hydrogeomorphic (HGM) Approach is a method for developing functional indices and the 

protocols used to apply these indices to the assessment of wetland functions at a site-specific 

scale. The HGM Approach was initially designed to be used in the context of the Clean Water 

Act Section 404Regulatory Program permit review to analyze project alternatives, minimize 

impacts, assess unavoidable impacts, determine mitigation requirements, and monitor the success 
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of compensatory mitigation. However, a variety of other potential uses have been identified, 

including the determination of minimal effects under the Food Security Act, design of wetland 

restoration projects, and management of wetlands. 

 

This report uses the HGM Approach to develop a Regional Guidebook to 

 

(a) characterize the Depressional Wetlands in Peninsular Florida,  

(b) provide the rationale used to select functions for the herbaceous and cypress dome 

subclasses,  

(c) provide the rationale used to select model variables and metrics,  

(d) provide the rationale used to develop assessment models,  

(e) provide data from reference wetlands and document its use in calibrating model 

variables and assessment models, and  

(f) outline the necessary protocols for applying the functional indices to the assessment of 

wetland functions.  

 

A Short History of HGM  

 

The Hydrogeomorphic (HGM) Approach is a collection of concepts and methods for developing 

functional indices and subsequently using them to assess the capacity of a wetland to perform 

functions relative to similar wetlands in a region. The approach was initially designed to be used 

in the context of the Clean Water Act Section 404 Regulatory Program permit review sequence 

to consider alternatives, minimize impacts, assess unavoidable project impacts, determine 

mitigation requirements, and monitor the success of mitigation projects. However, a variety of 

other potential applications for the approach have been identified, including determining minimal 

effects under the Food Security Act, designing mitigation project impacts, and managing 

wetlands.  

 

On 16 August 1996 a National Action Plan to Implement the Hydrogeomorphic Approach 

(NAP) was published (Federal Register 1997). The NAP was developed cooperatively by a 

National Interagency Implementation Team consisting of the U.S. Army Corps of Engineers 

(USACE), U.S. Environmental Protection Agency (USEPA), National Resources Conservation 

Service (NRCS), Federal Highways Administration (FHWA), and U.S. Fish and Wildlife Service 

(USFWS). Publication of the NAP was designed to outline a strategy and promote the 

development of Regional Guidebooks for assessing the functions of regional wetland subclasses 

using the HGM Approach; to solicit the cooperation and participation of Federal, State, and local 

agencies, academia, and the private sector in this effort; and to update the status of Regional 

Guidebook development.  

 

The sequence of tasks necessary to develop a Wetland Functions of Depressional Wetlands in 

Peninsular Florida Regional Guidebook outlined in the NAP was used to develop this Regional 

Guidebook (see the section, "Development Phaseò). An initial workshop was held in Miami, FL, 

on 8-11 May 1995. The workshop was attended by hydrologists, biogeochemists, soil scientists, 

wildlife biologists, and plant ecologists from the public, private, and academic sectors with 

extensive knowledge of the depressional wetland ecosystem. Based on the results of the 

workshop, two regional wetland subclasses were defined and characterized, a reference domain 
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was defined, wetland functions were selected, model variables were identified, and conceptual 

assessment models were developed. Subsequently, fieldwork was conducted to collect data from 

reference wetlands. These data were used to revise and calibrate the conceptual assessment 

models. A draft version of this Regional Guidebook was then subjected to several rounds of peer 

review and revised into the present guidebook. 

 

The HGM Approach is a collection of concepts and methods for developing functional indices 

and subsequently using them to assess the capacity of a wetland to perform functions relative to 

similar wetlands in a region.  

The HGM Approach includes four integral components: 

  (a) the HGM classification, 

  (b) reference wetlands,  

 (c) assessment models/functional indices, and 

  (d) assessment protocols. 

  

During the development phase of the HGM approach, these four components are integrated in a 

Regional Guidebook for assessing the functions of a regional wetland subclass. Subsequently, 

during the application phase, end users, following the assessment protocols outlined in the 

Regional Guidebook, assess the functional capacity of selected wetlands. Extensive discussions 

of the components of the HGM Approach and the development and application phases can be 

found in Brinson (1993; 1995a, b); Brinson et al. (1995, 1996, 1998); Hauer and Smith (1998); 

Smith (2001); Smith and Wakeley (2001); Smith et al. (1995); and Wakeley and Smith (2001).  

 

The HGM Classification was developed specifically to achieve an appropriate level of resolution 

within the available time frame is to reduce the level of variability exhibited by the wetlands 

being considered (Brinson 1993, Smith et al.1995). It identifies groups of wetlands that function 

similarly using three criteria that fundamentally influence how wetlands function: 

a. Geomorphic setting 

b. Water source, and 

c. Hydrodynamics.  

 

Geomorphic setting refers to the landform and position of the wetland in the landscape. 

 

Water source refers to the primary water source in the wetland such as precipitation, overbank 

floodwater, or ground water.  

 

Hydrodynamics refers to the level of energy and the direction that water moves in the wetland.  

 

Based on these three classification criteria, any number of ñfunctionalò wetland groups can be 

identified at different spatial or temporal scales. At a continental scale, Brinson (1993) identified 

five hydrogeomorphic wetland classes. These were later expanded to the seven classes described 

in Smith et al. (1995).  

 

1) Depression  

2) Tidal Fringe 

3) Lacustrine Fringe 
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4) Slope 

5) Mineral Soil Flats 

6) Organic Soil Flats 

7) Riverine  

 

Reference wetlands are wetland sites selected to represent the range of variability that occurs in a 

regional wetland subclass as a result of natural processes and disturbance (e.g., succession, 

channel migration, fire, erosion, and sedimentation) as well as cultural alteration. The reference 

domain is the geographic area occupied by the reference wetlands (Smith et al. 1995). Ideally, 

the geographic extent of the reference domain will mirror the geographic area encompassed by 

the regional wetland subclass; however, this is not always possible due to time and resource 

constraints. 

Reference wetlands serve several purposes. 

 

 First, they establish a basis for defining what constitutes a characteristic and sustainable level of 

function across the suite of functions selected for a regional wetland subclass.  

 

Second, they establish the range and variability of conditions exhibited by model variables and 

provide the data necessary for calibrating model variables and assessment models.  

 

Finally, they provide a concrete physical representation of wetland ecosystems that can be 

observed and measured. 

 

Reference standard wetlands are the subset of reference wetlands that perform the suite of 

functions selected for the regional subclass at a level that is characteristic in the least altered 

wetland sites in the least altered landscapes. 

 

In the HGM Approach, an assessment model is a simple representation of a function performed 

by a wetland ecosystem. It defines the relationship between one or more characteristics or 

processes of the wetland ecosystem. Functional capacity is simply the ability of a wetland to 

perform a function compared to the level of performance in reference standard wetlands. Model 

variables represent the characteristics of the wetland ecosystem and surrounding landscape that 

influence the capacity of a wetland ecosystem to perform a function. Model variables are 

ecological quantities that consist of five components (Schneider 1994): 

 

1. a name, 

2. a symbol, 

3. a measure of the variable and procedural statements for quantifying or qualifying the 

measure directly or calculating it from other measures, 

4. a set of variables (i.e., numbers, categories, or numerical estimates (Leibowitz and 

Hyman 1997)) that are generated by applying the procedural statement, and 

5. units on the appropriate measurement scale.  

  

Model variables occur in a variety of states or conditions in reference wetlands. The state or 

condition of the variable is denoted by the value of the measure of the variable. For example, 

percent herbaceous groundcover, the measure of the percent cover of herbaceous vegetation, 
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could be large or small. Based on its condition (i.e., value of the metric), model variables are 

assigned a variable subindex. When the condition of a variable is within the range of conditions 

exhibited by reference standard wetlands, a variable subindex of 1.0 is assigned. As the condition 

deflects from the reference standard condition (i.e., the range of conditions within which the 

variable occurs in reference standard wetlands), the variable subindex is assigned based on the 

defined relationship between model variable condition and functional capacity. As the condition 

of a variable deviates from the conditions exhibited in reference standard wetlands, it receives a 

progressively lower subindex reflecting its decreasing contribution to functional capacity. In 

some cases, the variable subindex drops to zero. For example, when the percent cover of 

herbaceous groundcover is 40 percent or greater, the subindex for percent herbaceous 

groundcover is one. As the percent cover falls below 40 percent, the variable subindex score 

decreases on a linear scale to zero.  

 

Model variables are combined in an assessment model to produce a Functional Capacity Index 

(FCI) that ranges from 0.0 to 1.0. The FCI is a measure of the functional capacity of a wetland 

relative to reference standard wetlands in the reference domain. Wetlands with an FCI of 1.0 

perform the function at a level characteristic of reference standard wetlands. As the FCI 

decreases, it indicates that the capacity of the wetland to perform the function is less than that 

characteristic of reference standard wetlands.  

 

Depression wetlands occur in topographic depressions (i.e., closed elevation contours) that allow 

the accumulation of surface water. Depression wetlands may have any combination of inlets and 

outlets or lack them completely. Potential water sources are precipitation, overland flow, 

streams, or groundwater/interflow from adjacent uplands. The predominant direction of flow is 

from the higher elevations toward the center of the depression. The predominant hydrodynamics 

are vertical fluctuations that range from diurnal to seasonal. Depression wetlands may lose water 

through evapotranspiration, intermittent or perennial outlets, or recharge to groundwater. Prairie 

potholes, playa lakes, vernal pools, and cypress domes are common examples of depressional 

wetlands. 

 

Mineral soil flats wetlands are most common on interfluves, extensive relic lake bottoms, or 

large floodplain terraces where the main source of water is precipitation. They receive virtually 

no groundwater discharge, which distinguishes them from depressions and slopes. Dominant 

hydrodynamics are vertical fluctuations. Mineral soil flats lose water by evapotranspiration, 

overland flow, and seepage to underlying groundwater. They are distinguished from flat upland 

areas by their poor vertical drainage due to impermeable layers (e.g., hardpans), slow lateral 

drainage, and low hydraulic gradients. Mineral soil flats that accumulate peat can eventually 

become organic soil flats. They typically occur in relatively humid climates. Hydric Pine 

Flatwoods with hydric soils are an example of mineral soil flat wetlands. 

 

Organic soil flats wetlands, or extensive peatlands, differ from mineral soil flats in part because 

their elevation and topography are controlled by vertical accretion of organic matter. They occur 

commonly on flat interfluves, but may also be located where depressions have become filled 

with peat to form a relatively large flat surface. Water source is dominated by precipitation, 

while water loss is by overland flow and seepage to underlying groundwater. They occur in 

relatively humid climates. Portions of the Everglades are examples of organic soil flat wetlands. 
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The Regional Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland 

Functions of Depressional Wetlands in Peninsular Florida was developed to assess the functions 

of two subclasses of freshwater depressions in peninsular Florida: Cypress Domes and 

Herbaceous Marsh Depressional Wetlands. The reference domain for this guidebook is 

peninsular Florida from the Everglades north to the boundary of Land Resource Region U 

(USDA 1981). The model variables are calibrated based on reference wetland sites located in 

Charlotte, Collier, Flagler, Hernando, Highlands, Osceola, Hillsborough, Indian River, Martin, 

Palm Beach, Pasco, Pinellas, Polk, Putnam, St. Johns, St. Lucie, and Volusia counties. 

 

The following functions performed by Cypress Domes and Herbaceous Depressional Wetlands 

in Peninsular Florida are addressed in this HGM Method: 

 a. Surface Water Storage. 

 b. Subsurface Water Storage. 

 c. Biogeochemical Processes. 

 d. Characteristic Plant Community. 

 e. Wildlife Habitat. 

 

The following functions performed by flats wetlands in the Everglades are addressed in the 

HGM Method: 

 a. Surface and Subsurface Water Storage 

 b. Biogeochemical Processes 

 c. Characteristic Plant Communities 

 d. Wildlife Habitat  

 

Each Function is described in the HGM method in the following sequence: 

i. Definition: defines the function and identifies an independent quantitative measure that 

can be used to validate the functional index. 

ii.  Rationale for selecting the function: provides the rationale for why a function was 

selected and discusses onsite and offsite effects that may occur as a result of lost 

functional capacity. 

iii.  Characteristics and processes that influence the function: describes the characteristics 

and processes of the wetland and the surrounding landscape that influence the function 

and lay the groundwork for the description of model variables. 

iv. Description of model variables: defines and discusses model variables and describes 

how each model variable is measured. 

v. Functional Capacity Index: describes the assessment model from which the FCI is 

derived and discusses how model variables interact to influence functional capacity. 

 

The tasks required to complete an assessment of depressional wetlands: 

 a. Define assessment objectives. 

 b. Characterize the project site. 

 c. Screen for red flags. 

 d. Define the Wetland Assessment Area. 

 e. Collect field data. 

 f. Analyze field data. 
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 g. Apply assessment results.  

 

 
Figure 11: Field Data Sheet for the Herbaceous Depression HGM. 
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Ã The cycle nutrients function is defined as the characteristic biotic and abiotic processes 

of the Everglades wetlands that alter concentrations of imported nutrients and compounds 

in the water leaving the wetland in comparison with water entering the wetland.  

Ã These processes include conversion of nutrients and other elements and compounds from 

one form into another by assimilation into plant biomass, remineralization of those 

materials when the plant materials decompose, long-term storage of nutrients and 

compounds in mineral and organic soil fractions, and oxygen production. 

Ã The function can be validated using correlation of the function FCI with the differences 

in amounts of dissolved nutrients and compounds (tons/ha/year) in inflowing and 

outflowing water to and from the assessed wetland. 
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Methods and Project Tasks 
 

The primary focus of this project is to develop a functional assessment method to evaluate the 

water quality benefits of wetland restoration and designed freshwater and brackish water 

ecosystems used for water quality treatment. The project tasks include: 

1. Development of the multiagency, multidisciplinary A-team; Beginning on October 1, 

2011 invitations were sent to 50 water quality, wetland creation, and regulatory experts. 

30 responded (see Appendix 1) 

2. Team development of baseline background knowledge in functional assessment 

methodology generally, and UMAM and HGM models appropriate to herbaceous 

depressional and flats wetlands; 

3. Agreement on the functions to be evaluated with the new methodology, the formal ways 

these functions are currently evaluated, and surrogates for these functions; 

4. Evaluations of model development sites using existing functional assessment methods; 

5. Individual or agency sub-team site evaluations testing developed methodology; 

6. Team evaluation of results and model adjustment; 

7. Testing of updated model with EPA staff and outside practitioners; 

8. Visits to other restored/constructed systems in the study area to test methodology; 

9. Presentation of the new methodology to agencies and formal request for acceptance of 

the methodology as one tool in the BMAP arsenal; 

10. Assembly of the Draft Report from outputs of the completed Tasks and development of 

illustrations, tables, and graphs for inclusion in the Draft Report; 

11. Presentation of the Draft Report for peer review to the CHNEP Management Conference 

and posting for public comment on the CHNEP and SWFRPC websites; 

12. Compilation, review and consideration of peer-review and public comments; 

13. Completion of the Final Report and approval through the CHNEP conference; and 

14. Inclusion of narrative text within EPA Quarterly Report, providing information about 

project progress, issues encountered, proposed resolution, and anticipated work in the 

next. Information about financial status will be included in the appropriate section of the 

Quarterly Report. 

 

This project developed a functional assessment method to evaluate the water quality benefits of 

wetland restoration and designed freshwater and brackish water ecosystems used for water 

quality treatment.  This method can be utilized for evaluating and crediting water quality 

improvements in Basin Management Action Plans (BMAPs) to address non-attainment of Total 

Maximum Daily Loads (TMDLs).  

 

The methodology was developed in coordination with an interagency ñA-Teamò. Team members 

agreed-upon common baseline of knowledge about functional assessment methods.   

 

The new method focuses on biological and physical surrogates for water quality measurements, 

and then be tested.  After calibration, the new method was retested to assure that the surrogates 

are applicable. EPA and state, local and private sector practitioners will be invited to test the new 

method.  The new method was then be presented for formal acceptance by the state as one tool in 

the BMAP toolbox. 
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The A-Team meetings 

 

A-Team Meeting 1: 

 

On November 28, 2011 the Water Quality Functional Assessment Method (WQFAM) Team met 

at the 1st Floor conference from of the Southwest Florida Regional Planning Council for the first 

time from 1:00 p.m. ï 4:00 p.m. Welcome and Introductions were made of team members in the 

meeting room and participating by teleconference. The team membership list is included in this 

report as Appendix 1.  

 

Ms. Whitney Gray gave the first presentation on the background of the project and an outline of 

the tasks ahead of the team, with a general timeline.  The Key Points of the presentation are: 

¶ This project will develop a functional assessment method 

¶ The method will be used to evaluate the water quality benefits of restored and constructed 

treatment wetlands 

¶ The method will be used for evaluating and crediting water quality improvements in 

BMAPs to address TMDLs 

¶ A cross-jurisdictional, cross-functional team will create the method 

¶ The method will focus on biological and physical surrogates for water quality 

measurements 

¶ The method will be tested and calibrated in the field 

¶ The method will be proposed to be accepted by the state  

 

A generalized timeline was presented for the 36 months of the project. 

 

The agenda for the meeting was altered due to the time constraints of Dr. Lisa Beever, so the 

next presentation was her background information on Total Maximum Daily Loads (TMDLs). 

Dr. Beever defined applicable terms, and briefly discussed the processes by which water bodies 

are deemed impaired. She then presented maps and lists of impairments within the study area and 

gave examples of the presentation of TMDL components from Florida Department of 

Environmental Protection (FDEP) documentation. Dr. Beever presented a map of BMAPs 

adopted and in progress within the state of Florida. She then reviewed the newly published 

CHNEP ñCharlotte Harbor Seven-County Watershed Reportò, pointing out the parts of the report 

applicable to the project, including findings on the sources of surface water pollution and the 

loadings. She briefly discussed trends for loadings of nitrogen, phosphorus and total suspended 

solids. 

 

Ms. Whitney Gray, filling in for Jim Beever who was not able to attend due to illness, gave the 

next presentation, ñHistory of an Introduction to Wetland Functional Assessmentò, which traced 

the progress of wetland functional assessment from its beginnings meaning only what 

development potential was represented, to a method for assigning mitigation ratios based on area 

of wetland lost, to a method for assigning mitigation based on wetland function lost. 

 

Ms. Gray then presented background on the Uniform Mitigation Assessment Method and an 

overview of the use of the method to determine wetland function.  
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The final presentation was on the Hydrogeomorphic Methodology (HGM) for determining 

wetland function in digressional and flats wetlands of Florida. Ms. Gray gave some background, 

then a brief overview of the use of this method. 

 

The next item was a discussion on which water quality parameters the team recommended that 

the WQFAM would be assessing. The goal of the project is to devise a rapid assessment of how 

well a treatment wetland is doing its job, not to get a precise measurement of any parameter.  

 

Several issues emerged from the team discussion as being important: 

¶ Seasonal differences 

¶ Flashiness of systems due to rain events 

¶ Dissolved oxygen: necessary/unnecessary/ considered linked as a causative pollutant to 

other pollutants 

¶ Nitrogen ï which forms? 

¶ The possible use of the 50
th
 percentile distributions 

 

Although an extensive list was mentioned, much of the discussion centered around the ability to 

empirically test for parameters using probes or sensors, and the need to have data to tie observed 

conditions to.  

 

Another issue was the role of incoming water quality, and how to know what that is as well as 

what the nature is of the contributing watershed. The group did not eliminate any parameters 

from consideration that compose what was referred to as the ñtypical suiteò: 

 organic and inorganic nitrogen and phosphorus, ammonia nitrogen, TKN, orthophosphate, total 

phosphate, nitrate, nitrite, total nitrogen, total suspended solids, fecal coliforms, cadmium, 

chromium, and copper.  

 

It was suggested that, with additional funding, work could be done comparing water sampling 

test kits to probe results to lab analysis results. 

 

Indicators of good treatment wetland performance were discussed. The first indicator mentioned 

was biodiversity, but there were some concerns with that: natives vs. exotics; and survival of 

what was planted vs. recruitment of other plants. Water clarity and depth, presence of wildlife, 

vegetative cover, presence or absence of hydrogen sulfide smell in sediments, colors indicating 

organics in soils/sediments, residence time, and lack of siltation were all mentioned as possible 

indicators of good treatment performance. 

 

The final agenda item was to list locations of treatment wetlands in the study area known to the 

participants the generated list included: 

 

10-Mile Canal, Lee County 

Gordon River Water Quality Park, Collier County 

Riverside Circle City Park, Naples, Collier County 

Billyôs Creek Filter Marsh, Fort Myers, Lee County 

Seminole Campus of St. Petersburg College, Pinellas County 
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Campus of FGCU, Lee County 

Conservancy of Southwest Florida, Collier County 

 

Suggested contacts who may know of more on these locations include: 

Johnson Engineering, Church Roberts 

FDOT 

Scheda Environmental, Tom Reiss 

Wilson Miller, Craig Schmittler 

 

The next meeting date was not set, but a Doodle poll was be sent out with the appropriate time 

frame by the end of the week. 

 

A-Team Meeting 2: 

Meeting 2 of the WQFAM Team was on January 25, 2012 at the 1st Floor conference from of 

the Southwest Florida Regional Planning Council from 1:00 p.m. ï 3:45 p.m. Welcome and 

Introductions were made of team members in the meeting room and participating by 

teleconference. ï  

 

Attending In Person: 

James Evans 

Betty Staugler 

Mike Kirby 

Steve Adams 

Karen Bickford 

Lisa Beever 

Rick Bartleson 

Judy Ott 

Melanie Grigsby 

Jim Beever 

Whitney Gray 

Via WebEx: 

Harry Phillips 

Kim Haag 

Michael Jones 

Rhonda Evans 

Charles Kovach 

Mac Hatcher 

Lindsay Cross 

Mike Bauer 

Katie Laakkonen 
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After introductions, Jim Beever gave background of the WQFAM project and presented 

the goals for the meeting: selection of the water quality (WQ) parameters to be assessed, 

starting the list of candidate visual indicators of water quality for the selected WQ 

parameters, and review and adding to the list of locations of existing and proposed 

treatment wetlands. 

 

Several clarifications of the project were brought out. Ms. Ott mentioned that the need for 

a method like WQFAM was brought up at another meeting she recently attended. Mr. 

Kirby asked if the method would be applicable to storm water detention ponds and rain 

gardens. Mr. Beever replied that, no, it would not. Mr. Beever clarified that the method 

would concentrate on filter marshes, and could include floating vegetation mats created 

for water quality treatment, and wetland restoration projects if water quality treatment 

was a stated goal of the restoration. Steve asked if the method could be applicable to 

Everglades STAs. Jim replied that it could, but that currently those were outside of the 

geographic study area. 

 

Mr. Beever proceeded with an interactive activity for selecting water quality parameters 

to be assessed by the WQFAM method.  Large posters were provided that contained a 

table of water quality parameters gathered from the Florida Department of Environmental 

Protection list of water quality impairments and additional suggested parameters. Each 

meeting participant present in person was given five green dot stickers and five red dot 

stickers. The participants were instructed to use their green dots to indicate the five water 

quality parameters they felt were the most important to assess using WQFAM. Red dots 

could be used to indicate parameters that should not be assessed using WQFAM. WebEx 

participants used the WebEx chat function to send their choices to Ms. Gray, who 

transferred those choices to the posters with dots. (See Figures 1 and 2) 

 

Green dots counted as a +1 and red dots counted as a -1, yielding the results in Figure 13 

below. 
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Figure 12 Parameter Ranking 
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Figure 13: Sum score of candidate parameter scores 

 

Biochemical Oxygen Demand +5 

Chloride -1 

Chlorophyll -a +12 

Conductance +4 

Copper -5 

Dissolved Oxygen +7 

Dissolved Solids -1 

Fecal Coliform +2 

Iron  -2 

Lead -8 

Mercury in Fish Tissue -7 

Nutrients (Combined) +9 

Total Coliform  -7 

Total Dissolved Solids -2 

Total Nitrogen +9 

Total Phosphorous +10 

Trophic State Index +4 

Turbidity  +2 

Un-Ionized Ammonia -4 

 

From this input, the top five water quality parameters to be assessed by WQFAM were: 

chlorophyll-a, total phosphorus, total nitrogen, nutrients (combined), and dissolved 

oxygen.  

 

Discussion ensued. Mr. Beever pointed out that oxygen redox potential may be a good 

surrogate. Several participants commented on conductance, and Dr. Beever offered that it 

can determine limiting nutrients, and, since the other parameters chosen are indicative of 

nutrients, including conductance would be beneficial since it is not generally considered 

to be nutrient-related, and also provides information about hydrology. Mr. Kovach 

suggested that conductance is easily measured using an instrument; but it was also 

mentioned that, if conductance is altered in a wetland for long enough, changes to the 

vegetation community occur, making those changes a visual indicator of conductance 

changes. Mr. Adams asked what would be ñgoodò conductance as contrasted with ñbadò 

conductance, and it was explained that that would be relative to the site. Mr. Evans asked 

if speciation of nitrogen should be considered and Mr. Beever explained that, when 

nitrogen measurements in TMDLs are evaluated, nitrogen speciation is generally limited 

to ammonia, and that the group could discuss this topic more fully at a future meeting. 

The result of this discussion was a consensus to include conductance as a sixth parameter 

to be assessed with WQFAM.  
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Ms. Gray then presented ñShopping for Variables,ò a look at two HGM models and 

UMAM for potential visual indicators that could be used in WQFAM. The group added 

several potential visual indicators, resulting in Table 2. 

 

The group then did an ñEnvelopesò exercise in which each participant was to suggest 

visual indicators for each of the six water quality parameters chosen earlier in the 

meeting. Six large manila envelopes were presented, one for each water quality 

parameter. Participants were given pieces of paper and were instructed to write down 

potential visual indicators specific to the water quality parameters and put them in the 

appropriate envelopes. One indicator was to be written on each piece of paper. Any 

number of indicators could be submitted for each water quality parameter. WebEx 

participants were asked to email their submissions to Ms. Gray. Results were to be 

compiled after the close of the meeting and would be reported on at the next meeting. 

 

Finally, Mr. Beever presented the results of a search for treatment wetlands and filter 

marshes completed, under construction, or being planned across the study area. Maps 

were provided. The group was asked for additional locations that they know of. Some 

additions were provided. This list was still being compiled and additions are welcome at 

any time. 

 

A Doodle poll was sent out to find the next meeting date for February. A procedure for 

submitting travel expenses was briefly outlined by Ms. Gray. The meeting ended at 3:45. 

 

A-Team Meeting 3: 

 

Meeting 3 of the WQFAM Team was on February 27, 2011 at the 1st Floor conference 

from of the Southwest Florida Regional Planning Council from 1:00 p.m. ï 3:45 p.m. 

Welcome and Introductions were made of team members in the meeting room and 

participating by teleconference. 

 

Attending 

In Person: Via WebEx: 

James Evans 

Mike Kirby 

Steve Adams 

Karen Bickford 

Betsie Hiatt 

Jim Beever 

Whitney Gray 

Rhonda Evans 

Mac Hatcher 

Lindsay Cross 

Mike Bauer 

Katie Laakkonen 

Jason Green 

Diana Bandlow 

Greg Blanchard 
 

After introductions, Jim Beever presented a review of the water quality parameters that 

were selected at the last meeting for inclusion in the assessment method. He clarified that 

the goal of the development of the process is to identify visual indicators, not lab tests, 
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for the water quality parameters chosen. During the method development, we will be 

testing those parameters so that those results can be compared to the visual indicators 

observed for calibration. 

 

Whitney Gray then presented a summary of the candidate visual indicators collected at 

the last meeting. Several graphs were presented showing analyses of the polling results.  

A total of 168 visual indicators had been suggested by the A-Team. These indicators had 

fallen into several natural groupings. The analysis can be found in the presentation for 

agenda item 3, found on the project portal page. 

 

For chlorophyll-a, the visual indicators chosen by the A-Team were grouped as follows:  

algae, animal species, clarity, inappropriate levels, plant condition, and plant species. For 

total nitrogen the grouped indicators were: algae, animal species, clarity, inappropriate 

levels, land management, plant species, and water chemistry. For total phosphorus, the 

groups were: algae, animal species, clarity, inappropriate levels, land management, and 

plant species. For combined nutrients the groups were: algae, animal species, clarity, 

hydrology, inappropriate levels, land management, odor, plant condition, plant species 

and substrate. For dissolved oxygen the groups were: algae, animal condition, animal 

species, inappropriate levels, physical attributes, plant species, and substrate. For 

conductance the groups were: animal species, hydrology, inappropriate levels, odor, plant 

condition, plant species, and substrate.   Whitney clarified that the group ñinappropriate 

levelsò included comments about meter measurements. 

 

Jim Beever then led the group through the process to select visual indicators for 

chlorophyll-a. The process was to discuss each of the visual indicators suggested for 

assessing chlorophyll-a: algae, animal species, clarity, inappropriate levels, plant 

condition, and plant species. Jim Beever mentioned that chlorophyll-a  is often measured 

similar to turbidity, so that a Secchi disk could be used if water depths were great enough 

(as in Celery Fields and some portions of 10 Mile Canal) or a transparency tube if depths 

were as little as 1 ½ inches. 

 

The first indicator discussed was clarity. Jim Beever presented typical Secchi depths for 

Florida lakes, then discussed use of the disk and the relationship (from the data) between 

total chlorophyll and Secchi depth. Another device discussed for measuring chlorophyll-a 

in the field was the transparency tube, and the data regarding that instrument was 

presented. A potential scaling system for clarity was discussed. 

 

Next, algae as a visual indicator of chlorophyll-a was discussed. Bioassessment to 

determine numbers and species of microalgae, blue green algae and diatoms is not rapid, 

but has been used well in the past (Palmer 1969). Many states are in the process of 

determining how bioassessment of their water bodies relates to water quality. An existing 

Pollution Index (Palmer 1969) identified genera of microalgae and assigned each an 

index value between one and five. 

 

The third visual indicator of chlorophyll-a was plant species. A-Team members had 

brought up several potential attributes of plant community composition, positive and 
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negative. While cattail (Typha sp.) was mentioned as a negative attribute, it was 

acknowledged that other species may also be considered negative. Zonation in the plant 

community will be important.  

 

The fourth visual indicator of chlorophyll-a was plant condition. Jim proposed basing 

scores for this indicator on signs of hydrologic stress in the plants in the wetland.  

 

The fifth indicator was animal species, expressed in terms of a well-balanced community 

of benthic invertebrates.  Several sources for bioassessment protocols and standards were 

presented. Of particular interest is the Florida Wetland Condition Index (FWCI) proposed 

by Brown (2005). While this index is not fully developed, it does contain surrogates that 

may be useful in our process, especially the Floristic Quality Assessment Index (FQAI), 

which relates the plant community present to the animals likely to be present.  

 

The final visual indicator of chlorophyll-a discussed was inappropriate levels. Jim asked 

the group to write down on provided paper what devices they would recommend for field 

measurement or assessment of chlorophyll-a levels in the water column. Group members 

were also asked to indicate their preference of federal or state water quality standards. 

Results were as follows: 

 

Device Number of mentions 
Transparency tube 4 

Secchi disk 4 

YSI 2 

HydroLab 2 

Stereoscope 1 

Dry/wet biomass 1 

 
Figure 14: A-Team devices recommended for field measurement or assessment of 
chlorophyll-a levels in the water column and preference of federal or state water 

quality standards. 

 

Next on the agenda was a discussion on scaling the visual indicators for chlorophyll-a. 

The first indicator discussed was clarity. Jim Beever suggested two scaling schemes 

found in the presentation for agenda item 5, slides 4 and 5.  

 

The scores would be proportionate; that is if the Secchi depth was 25% of the max, the 

score would be between zero and four, but this would vary depending on where in the 

system it was measured. By measuring at the infall, in the wetland, and at the outfall, the 

lift from treatment could be determined. It was discussed that a series of tables would be 

necessary to account for systems that were naturally eutrophic, since a perfect score for a 

mesotrophic wetland is different than a perfect score for an oligotrophic wetland. 

 

Scaling a measurement for algae was presented next (slide 9). The group discussed what 

kinds of algae were appropriate to be used for this visual indicator. If phytoplankton, 

there are probes that can be purchased that measure this via chlorophyll-a. A distinction 

was made between algae, as nonvascular plants, and vascular macrophytes that may be 

Standard Votes 

Federal 6 

State 2 
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floating, encrusting or rooted. This indicator is intended to reflect the presence of 

filamentous and microalgae, although it was noted that these types of algae are to be 

expected within a treatment system. Again, measuring at the top and bottom of a 

treatment system would yield a meaningful differential. The subject of management of 

treatment wetland systems was brought up and will be discussed in more detail at a future 

meeting. It was also decided that the column headings ñImprovedò and ñDecliningò in the 

table need to be changed. 

 

Scaling the plant species indicator was discussed next (slides 10 and 11). This indicator 

would focus on vascular plants, submerged, emergent, and floating. A list or series of 

lists of appropriate plant species would need to be developed. Community composition 

could also account for changes in salinity in the system. It was pointed out that less 

qualitative terms need to be used in the tables; the term ñimprovedò needs to be changed 

to ñmoderate.ò As homework, Jim asked that the team members suggest plant species, 

such as cattail, that may not be beneficial as a monoculture. 

 

Plant condition was discussed. This indicator would be based on vegetation being in 

trouble, however, the group noted that the use of herbicides and/or poor water quality 

could also cause poor plant condition. Other characteristics of poor plant condition would 

include presence of mold on leaves and chlorotic leaves. There was discussion about the 

appropriateness of this as an indicator of the presence of chlorophyll-a in the water 

column, especially since the indicator focused on emergent macrophytes. The group 

agreed to further discuss changing this indicator to a focus on the condition of submerged 

aquatic vegetation, which, it was agreed, would suffer under conditions of high 

chlorophyll-a in the water column. 

 

Animal species was the next indicator to be discussed. It was mentioned that the timing 

of any assessment would greatly influence which taxa were present. Hydrology and the 

seasonality of predators were mentioned as other factors that would affect the makeup of 

the faunal community at any given time. Lists or tables of preferred species would need 

to be produced. The team agreed that it may be difficult to find benthic invertebrates 

during a rapid assessment.  

 

The selection of visual indicators for other water quality parameters was reviewed 

briefly. This will be covered in more detail in a future meeting. 

 

Locations of existing and proposed treatment wetlands were reviewed and some 

corrections were made to the table in the presentation for agenda item 7. 

¶ Lely Main is a spreader waterway which should be pulled from the list. It is not a 

treatment wetland. 

¶ There may be a wetland mitigation bank with a stated water treatment function in 

Oldsmar. 

¶ A Lee County project of 3 to 5 acres was required as a condition of the widening 

of Alico Road. 

¶ A 15-acre project in Lee County is in design. 
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Jim Beever asked Karen Bickford about water sampling points on 10 Mile Canal. Karen 

offered to track down the data from those stations. 

 

Mike Kirby asked about submitting for BMAP credits with a stormwater treatment 

wetland that Bonita Springs is considering. Karen Bickford  responded that there is 

guidance on design that could be used so that the project would qualify for credits. 

 

A Doodle poll will be sent out to determine the date of the next meeting, which will 

likely be a full day with field work in the morning and an office session in the afternoon. 

Lunch will be provided. 

 

A-Team Meeting 4: WQFAM Version 1 

 

WQFAM Version 1 was completed on March 22, 2012. Based on the input of the A-

Team the survey included a pre-field sheet with from 22 to 30 variables (Figure 15), a 

section on water clarity with 7 variables (Figure 16),, an algae page with 5 

variables(Figure 17),  a vascular plant section with 9 variables (Figure 18), an animal 

speceis section with 15 variables (Figure 19),  water temperature, odor and soil textures 

section with 3 variables (Figure 20). for a total of 61 to 69 variables depending on the 

surrounding land use diversity. The first field test was scheduled for Meeting 4 of the A-

Team. 

 

Meeting 4 of the WQFAM Team was on March 26, 2012 at the parking lot of the 

Southwest Florida Regional Planning Council at 8:30 a.m. for carpooling to the John 

Yarbrough Linear Park Trail near the corner of Daniels Parkway (CR 876) and Metro 

Parkway. It is on the east-bound side of Daniels, west of Metro.  

 

Attending 

In Person: Via WebEx: 

Steve Adams 

Judy Ashton  

Rick Bartleson  

Jim Beever  

Lisa Beever  

Karen Bickford 

Dan Cobb  

James Evans 

Whitney Gray  

Mac Hatcher 

Charles Kovach 

Mike Kirby 

Jennifer Nelson 

Judy Ott 

Rhonda Evans 
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Part 1 of the meeting was held at the Ten Mile Canal Filter Marsh. The A-Team met at 

the trailhead for Jon Yarborough Linear Park, near the intersection of Daniels Parkway 

and Metro Parkway.  Karen Bickford of Lee County Natural Resources gave an overview 

of the filter marsh project. Karen provided information on the history, the size and 

capacity, and the maintenance protocols of the marsh. 

 

Jim Beever then introduced the draft data forms for the assessment method. The Team 

then went through an assessment on Cell 1 of the filter marsh. 

 

The team then undertook to access the first Cell of the 10-Mile Canal Filter Marsh 

utilizing the Version 1.0 of the draft WQFAM forms. 

 

Part 1 of the form is designed to fill in prior to going into the field. The top has an entry 

for the Sit Project Name, the site project ID number, who conducted the assessment and 

the date of the assessment. The next entry id for the Assessment Area Size. This is 

calculated form aerial photography and permit documents if they specify it. The next 

entry is a narrative description of the general location and description of the assessment 

area that is obtained from the aerial photography and supplemented in the field with 

observation of on-the-ground site conditions. A note is also provided as to if the site is 

used for mitigation. 

 

The land uses surrounding the filter marsh and forming the watershed that contributed to 

the filter marsh is then listed in a table. This information is obtained from the aerial 

photography and from the site visit.   
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Figure 15: WQFAM Version 1 Part 1 Pre-Field Data Sheet 
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Figure 16: WQFAM Version 1 Part 2a page 1 Clarity Data Sheet 
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Figure 17: WQFAM Version 1 Part 2a page 2 Water Clarity UMAM Data Sheet 
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Figure 18: WQFAM Version 1 Part 2b Algae Data Sheet 
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Figure 19: WQFAM Version 1 Part 2c Page 1 Plant Species and Condition Data Sheet 
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Figure 20: WQFAM Version 1 Part 2c Page 2 Plant Species and Condition Data Sheet 
and Plant Community UMAM 
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Figure 21: WQFAM Version 1 Part 2c Page 3 Plant Species and Condition Data Sheet 

and Vegetation Stress UMAM 
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Figure 22: WQFAM Version 1 Part 2d Page 1 Animal  Species and Condition Data 
Sheet  
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 Figure 23: WQFAM Version 1 Part 2d Page 2 Animal  Species and Condition Data 
Sheet and Animal Community UMAM 

 
 

  


