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Inception of the Clean Water Act in 1972 resulted in regulation of activitiesin
wetlands through Section 404. Regulatory agencies like the Mississppi Department of
Marine Resources (MDMR) have tried to find methods to rapidly evad uate wetlands.

This study compares three rapid eva uation methods, Hydrogeomorphic Approach
(HGM), Wetlands Rapid Assessment Procedure (WRAP), and Wetland Evaluation
System (WES), based on their scoring of a group of reference and mitigation wetland
Stes.

Repeatability was studied by scoring a group of sitestwice. The non-parametric
Spearman’ s correlation was used to compare the three methods. In this study, HGM was
most repeatable followed by WES and WRAP. Comparisons of overal scores using the

Spearman correlation found the strongest correlation between HGM and WES, dthough



al parings were dgnificantly correlated (p< 0.05). This study determined HGM was the
optimum method for the MDMR because due to repeatability and producing results

dmilar to the other two methods.
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CHAPTER |

INTRODUCTION

Background

Attitudes towards wetlands have shifted radically in the history of the United
States. Theinitid attitude of the United States can be seen in an 1849 piece of legidation
from the U.S. Congress which granted wetlands to the Sate of Louisanato facilitete the
congtruction of levees and drains to make productive land out of the area (NRC, 1995).
Thiswas followed in 1850 by other states seeking Smilar rights to their siwamplands for
converson to farmland in the Swamp Land Act of 1850 (NRC, 1995). The earliest
indication of a shift in public opinion of wetlands was during the 1930’ s when decreases
in the numbers of waterfowl! dicited concern. The Federal Duck Stamp Act of 1934
began to furnish money for the purchase or protection of wetlands, dthough the U.S.
Department of Agriculture (USDA) and U.S. Army Corps of Engineers (USACE) were
gill subsidizing conversion to agriculturd uses. The mgor change cameinthe 1970°'s
with the environmental movement and redlization that wetlands contributed many things
to society (NRC, 1995). It was during that time that the Federal Water Pollution Control
Act Amendment, better known as the Clean Water Act, was passed in 1972 (EPA 1,

2000).



Section 404 of the Clean Water Act became well known sinceiit crested a
permitting process that regulates the deposition of any dredge and fill materid in waters
of theU. S. (EPA 1, 2000). “Watersof the U.S.” was interpreted to include any
wetlands, even isolated 20ground weter driven wetlands since they can affect water
quality. This act represented a sgnificant change in public opinion. In aJune 1994
Times Mirror-Roper poll quoted in aMarch 1997 Testimony before Congress, 77% of
Americans support wetland regulations at least as stringent as they are now (Perciasepe,
1997). Locdly, onthe Missssippi Gulf Coast, many of theloca population are aware of
the significance of sdt marshes to marine fisheries and are advocates for their
preservation.

While wetlands were once viewed as wasted space, public and scientific opinion
has started to acknowledge their functional value asit pertainsto society. Their aesthetic
contributions can be appreciated by any passerby, but research has shown that wetlands
contribute habitat to commercidly and recreationaly vauable species, they ad in control
of storm water runoff to reduce flooding, and they facilitate the purification of water
through microbia degradation and sequestering of pollutants (EPA 2, 2000). As atitudes
have changed, the gods of policy makers have dso changed. The Nationd Wetlands
Policy Forum in 1988 recommended a nationd wetlands protection policy to achieve no
overdl net loss of the nation’s remaining wetlands (Swarth, 1998). Thisincluded placing
an emphasis on restoring degraded wetlands. 1n 1995, this policy was reinforced by a
gtatement from President Clinton in Executive Order 12962 which encouraged

sustainable development of fisheries and conservation and restoration of aguatic systems.



The U. S. Department of the Interior, Fish and Wildlife Service summarized their
most recent research into wetlands lossin Status and Trends of Wetlandsin the
Conterminous United States 1986 to 1997 (Dahl, 2000). Their data show that policy
improvements have led to significant reductionsin wetlands loss, but wetlands are il
being lost a an estimated rate of 23,674 hectares per year for the period from 1986 to
1997 (Dahl, 2000). In an effort to maintain a ‘no net loss' palicy, regulatory agencies
such as the MDMR have been requiring compensation in the form of creation,
restoration, or preservation of awetland in return for the destruction or degradation of a
natural system since the 1970s. These restored, created, or preserved wetlands are
referred to as mitigation marshes or wetlands. Regulatory and permitting agencies are
currently moving towards adopting prescribed procedures for eva uating wetland sites
with respect to functionslost due to development, determining when mitigation
obligations have been fulfilled, and to better evaluate the success of the mitigation
process itself.

Pine savannas are a pdudtrine-forested wetland and are one of the most highly
impacted types of wetlands in the Gulf of Mexico coastd plain. They are dso atype of
wetland thet the MDMR routingy reviewsin 404 permitting. The Fish and Wildlife
Service report stated that 98% of the wetlands lost between 1986 and 1997 were
freshwater wetlands (Dahl, 2000). Of the freshwater wetlands lost, 485,625 hectares
were forested wetlands; urban and rurd development accounted for 51% of that loss
(Dahl, 2000). Higtoricdly, coastd pine savannas extended some 644 kilometers from

Louisanato Horida; currently only 3 % of that habitat remains. The remaining 97 % of



this habitat has been impacted by drainage, fire suppression, development, and
dlviculture (Larson, 1998). These facts taken together show why the interactions of the
404 permitting process and mitigation policies with the pine savanna habitat that il
exig are of importance to the MDMR.

Regulatory agencies began issuing permits for activities that impact wetlandsin
themid-1970s. Sincethat time avariety of wetland assessment methods have been
deve oped beginning with the Habitat Evaluation Procedure (HEP) by the Fish and
Wildlife (U.S. Fish and Wildlife Service, 1980). HEP was an intensive biologicd
assessment of habitat suitability focusing on afew species. Through the 1980s and
1990s, the evolution of evaluation methods moved toward rapid assessments that
determined the functionality of the wetland and broadened the scope beyond afew
gpecies. That evolution led to the development of procedures with aregiona emphasis
like the Hydrogeomor phic Approach (HGM), developed by the USACE (Smith et al.,
1995). Procedures have also been devel oped on a state-by-dtate basis with some of those
methods being used in other states. An example would be the Wetland Rapid Assessment
Procedure (WRAP) developed in FHorida and customized for use in Missssppi pine
savannas (Miller & Gunsalus, 1999). A third type of evauation procedure are those
developed on alocd leve for the types of wetlands located specificdly in an area by
locd experts. Wetland Evaluation System (WES) (Lewis and Teaford, 1995) isan
example of that on the Missssippi Gulf Coast. Each assessment method has an end
product that ranks a wetland based on a score againgt other wetlands scored using that

method.



Objectives of Study

This study was designed to address the evauation of mitigation wetlands with
different methods and to determine which of these methods was feasible for regulatory
use. Reference wetland sites (n = 3) and mitigation wetland Sites (n = 16) were evauated
using 3 different evauation methods and the scores were compared using correlation
datistics. Repeatability of the methods was dso andyzed by evaduating some stestwice
and comparing the scores using corrdation satistics. The time to complete each method
was recorded to determine if there are Sgnificant differences in the amount of time

necessary to complete the different evaluations.

Justification and Usefulness
This research was designed to help the MDMR sdlect an evaluation procedure
based on the time required and information needed in the regulatory process. It dso
provided a base line assessment of the status of the 16 mitigation projects examined in

the course of this project.

Scope and Limitations
This project was a comparison of three wetland evaluation methods for pine
savannas in the three coastd counties of Mississppi. Comparison of the methods for use
with other types of wetlandsis not gpplicable using these data. While conclusions may
be drawn about the specific mitigation Stes listed here, conclusions about the status of
mitigation on the Mississippi Gulf Coast should be avoided sinceiit is not known if these

gtes are representative of dl Stes. Conclusions about mitigation in other habitats besides



pine savanna should aso be avoided. Evidence has shown that other habitats may be

mitigated either more or less frequently (Race and Fonseca, 1996).



CHAPTER II

LITERATURE REVIEW

Severd types of coadd wetlandsin Mississppi are commonly impacted by
development. These wetland types include the familiar st marsh (dominated by
Spartina alterniflora and Juncus roemarianus) aswel aslessfamiliar wetlands like
bottomland hardwood forests (dominated by Taxodium ascendens and Nyssa sylvatica
var biflora), forested bayhead swamps (dominated by Magnolia virginca, Nyssa
sylvatica, and Acer rubrums), and wet pine savannas (dominated by Pinus spp. and
grasses) (Teaford et al., 1995). Wet pine savannas were chosen as the focus of this
research due to the reedy availability of multiple methods of evauation including a
locdly-devel oped method, WES, by Lewis and Teaford (1995), aregionally developed
method by Rheinhardt et al. (2000) (HGM), and a method that was adapted for this
habitat by Roberts (2000) based on amethod by Miller and Gunsalus (1999) (WRAP).
Understanding the eva uation methods requires a base knowledge of the habitat. A
characterization of the habitat leads into descriptions of the scoring breskdown of each

method in the following chapters.



Description of the Pine Savanna Habitat

Pine savannas are characterized by specific hydrologic, plant, and soil
characteristics, which do not necessarily fit the popular concept of awetland. The
hydrology of these Stesis defined as palustrine, or having no inlet or outlet resulting in a
precipitation driven system. Asaresult, these Stestend to be drier in summer months
when ranfdl islow and remain rdaively saturated during the winter when rainfal is
high. Hydric soils and, typicaly, a perched water-table help maintain the Ste' s water-
table (Lewis and Teaford, 1995). A perched water table refers to awater table confined to
ashdlow clay lens.

The pine savanna plant community is aways consdered in terms of the overstory
and the understory. Fire is a defining festure of this habitat, due to higtorica frequency,
and has resulted in many fire-adapted species. Longleaf (Pinus palustris) and Slash Pine
(Pinus dliottii) usudly dominate the overstory in Missssppi and are very sparsely
distributed over the area, forming canopy coverage of 5-10% with little naturd
recruitment of saplings (Lewis and Teaford, 1995). Due to the sgplings being fire-
adapted, Longleaf Pine are expected to dominate the overstory. Fire suppression in many
aress has adlowed Slash Pine to become more numerous and, in many cases, the only pine
species present (Rheinhardt et al., 2000). There are aso pine savannas with longer
periods of inundation that have Pond Cypress (Taxodium ascendens) in the overstory
(Rheinhardt et d., 2000). An example of a Bunchgrass dominated Pine Savanna can be
seenin Figure 1. The photo shows the sparse overstory, the herbaceous ground cover and

adeveloping shrub layer.



Figure 2.1: Pine Savanna habitat on the Sandhill Crane Nationad Wildlife Refuge,
Gautier, Missssppi.

Grasses and herbaceous perennials dominate the understory. The grasses include
bunchgrass species that are specialy adapted to a fire-maintained environment. These
bunchgrasses, which grow in characterigtic tussocks, include wiregrasses (Aristida spp.),
bluestem grass (Shizachyrium scoparium), and Muhly grass (Muhlenbergia expansa).
Herbaceous perennids include a number of flowering species of the sunflower family
(Helianthus spp.), meadow beauties (Rhexia spp.), and yellow-eyed grasses (Xyris spp.)
to name just afew (Teaford et al., 1995). Infact, with an estimated at 30 to 40 plant

Species per square meter, the herbaceous layer composed of grasses and flowering



perennias has a very high diversity (La Sdle, 1998). Pine savannas are dso well known
for supporting carnivorous plants such as pitcher plants (Sarracenia spp.) and sundews
(Drosera spp.) (Teaford et al., 1995). In Steswith longer periods of inundation, sedges
aso make up a significant part of the herbaceous layer (Rheinhardt, 2000).

The soil and topography of pine savannas have severd characteristics that are
important in understanding evauations of them. Pine savannas are characterized by a
dope of 2 % or less and low topography (Teaford et al., 1995). Asaresult, any ditching
or rutting can be detrimentd to the hydrology due to alack of a defined water flow. The
soils of Pine savannas are described as minerd flats because the soil sandy and or loamy
with alow organic content. Low pH and nutrient levels are conditions affecting plant
adaptations to the environment (Larson, 1998). Common soil typesin this habitat for
Mississppi include Plummer, Smithton, and Atmore and additionally Escambia, Ocilla,
and Hyde, dthough these are usudly consdered of poorer quaity due to fewer hydric

features (Lewis and Teaford, 1995).

Available M ethodologies
As regulations and policies have evolved since the 1970's, the need for methods
which can rgpidly assess the functionality of awetland, have become more pronounced,
especidly in regulatory work. During the regulatory process, there is often aneed to
evaduate wetlands that will be impacted, to determine the degree of degradation in some
circumstances, and to evauate mitigation efforts to determine their compliance. As
summarized by Bartoldus (1999), the evolution in evauation methods has, in generd,

ranged from very technica methods like HEP developed by the Fish and Wildlife Service



11
in 1980 to less technica and more rapid approaches including HGM, WRAP, and WES.

Rapid assessmentsinitidly appeared in the 1980 s in reaction to the implementation of
the 404 permitting process. The HGM Approach (Smith et al., 1995), a guide manud for
developing HGM models, has been apart of that movement and has been afoundation
from which localized methods have evolved. Those methods include evaluations
developed by Connecticut, New Hampshire, and Minnesota aong with many other states
(Bartoldus, 1999).

In the evauation of a specific type of wetland in a specific region, the choices of
evauation methods may be many or few. The availability usudly depends on the amount
and qudity of information desired and the relative abundance of the habitat in the area
The Wet Pine Savanna habitat is represented on aregiond scae from North Carolinato
Texas and down into central Horida (Rheinhardt et al., 2000). Thisregiond distribution
has resulted in the development of an HGM mode, the more generd WRAP method isa
speciadized version developed for pine savanna, and aloca method, WES, has been
developed. The development of numerous methods has led to the need to determine if
any particular method is more gpplicable in regulatory Situations. Previoudy, these
methods have not been compared and, in fact, the literature supports no instances of any
rapid wetland eva uation methods being directly compared. There have been some
published instances of rapid methods being compared to longer-term biologica
assessments (Spencer et al., 1998), but not to each other. Persona communication with

regulatory personnel has suggested that some informa comparisons have been done.



According to Bartoldus (1999), of the 40 most well-known wetland evauation
procedures, HEP, WET, and the Synoptic Approach are 3 methods considered suitable or
have been used in Missssippi. She does not mention the three methods used in this paper
because of their development dates. WRAP was specidized for usein pine savannasin
Missssppi in 2000 by L. Thomas Roberts, a consultant with Environmental
Management Systems, Inc. (Roberts, 2000). WES was only known localy snceit was
developed by two loca consulting biologists working mostly in coastd Missssippi
(Lewis, 2001). The HGM Modd creseting the basdine for this habitat was completed in
1999 but is not expected to be officidly published until perhaps 2001 (Clairain, 2000),

even though the data sheets were available to regulatory personnd in the Fal of 2000.

Review of Methodologies
The following sections describe the devel opment, information gathered, and the
current known usage of each method. Each method is detailed and a concluding section

shows some of the Smilarities and differences in the methods.

HGM

Development of Origina Procedure

The HGM Modéd for Wet Pine Savannas (Rheinhardt et al., unpub) was created
using the procedures outlined in the HGM Approach (Smith et al., 1995). Inthe
development phase of HGM, awetland regiona subclass must be defined based on its
water source, geomorphic setting, and hydrodynamics. Scientists working in the

devel opment phase then assess a group of wetlands exhibiting the range of conditions
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from reference stes to degraded sSites that occur in that wetland type. This phase

culminates in the publication of aregiona guidebook for the wetland subclass. Inthe
goplication phase of HGM, regulatory personnd or resource management specidists
apply the regiond guidebook to specific projects. In the development of the Wet Pine
SavannaModd, R.D. Rheinhardt, M.C. Rheinhardt and M.M. Brinson collected data
from 71 reference sites during a period from May to October of 1997. Loca experts

were utilized to locate Stes exhibiting the range of conditions (Rheinhardt et al., unpub).

Functions Assessed

Four functions are used in the HGM method to assess the wetland. These
functions are Maintaining Characteristic Weater Level Regime (Hydrology), Maintaining
Characterigic Plant Community (Plants), Mantaining Characteristic Anima Community
(Animd), and Maintaining Characteristic Biogeochemical Processes (Biogeo). The
following descriptions of these functions are based on the data sheets (Appendix B) and
the unpublished report by Rheinhardt et al. (2000). The functions are scored from 0.0 to
1.0 based on the score sheets with the variables listed here contributing to the function
scores. A flow chart shows how the field-scored variables contribute to each function
and how some functions are interrdlated (Figure 2). The mathematica relationships can
a0 be seen in the flow chart. These relationships can dso be seen in the data sheets

included in Appendix B.
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The Hydrology score sheet ligts variables that are scored to determine the possible
dterations to the site and the potentid for optimal functioning of the hydrology of the
wetland. The variables scored include surface flow, which looks for the presence of an
impediment to flow like adam. Outflow takes into consderation the presence and
possible effects of ditches on the wetland areac wetlands are considered to be within or
outsde of the effect distance of the ditch, based on soil conductivity and depth of the
ditch usng the van Schilfgaarde equation. The storage variable considers whether fill is
present in areas delineated as wetland. Evapotranspiration potentia is based on the burn
higtory or the leaf areaindex of plants on the Ste. The mechanism by which
evapotranspiration affects the hydrology is by lowering the water table through water lost
totheair. Inflow looks examines the water that may be flowing into the wetland from
other sources, which could affect the hydroperiod by increasing water flow. Two soil
features are examined as variables, microtopography and porodty. These soil aterations
could dso change the flow of water through awetland having very little topography or
dope.

The Plant function score sheet is used to assign scores for the presence of
characterigtic plants. A specific group of herbaceous plants are scored on their presence
within a certain distance of a chosen point. The coverage of native bunchgrassesisdso
examined for another variable. For savannas on the wettest end of the gradient, sedges
are scored by coverage aswell. In a switchcane pine savanna, apine variable looks at the
number of pines within a certain distance from a chosen point. In the cypress savanna

subtype, cypress trees are also counted.
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The Anima function is based on the landscape varigble, which is the area of the
gte, and the Plant function score. The Plant function scoreisincluded in the Animdl
function based on the rationde that the characteristic plants must be present to support
the characteristic animals. The areaneeded to obtain a score of 1.0 was 100 hectares.

The Biogeo function is completely dependent on the Plant and Hydrology
function. This function scored the ahility of the wetland to cycle nutrients. Since plants
are the primary producers of the system and microbes are the primary decomposers,
conditions which maintain the plant and soil conditions are the most conducive to
maintaining the biogeochemicd cydling.

An additional consideration with the HGM Modd was divison of the pine
savanna habitat into 3 subtypes by Rheinhardt (2000) when evauating the Plant function.
The subtypes based on “ cover-type’ are Bunchgrass, Cypress, and Switchcane pine
savannas. These subtypes have dightly different plant communities and, as aresult, ther
scores incorporate additiona plant species. Thisonly changes the interna scoring of the
Pant function. No other functions are affected. Cypress savannas usualy have alonger
period of inundations and include savanna species that prefer wetter conditions, including
sedges. Switchcane pine savannas are only known to exist in South Carolinaand are
dominated in the understory by switchcane (Arundinaria tecta). Bunchgrass pine
savannas are dominated in the understory by herbaceous plants and bunchgrass species
like wiregrass, bluestem, and Muhly grass. In Mississippi, both Cypress and Bunchgrass

pine savannas occur.

16
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Current Usage

The current usage of thismode by regulatory agenciesis not known precisdly.
Due to the unpublished status of the report, it islimited to USACE personnd and,
specificaly, the personne at the Waterways and Experiment Station in Vicksburg,
Missssppi. Personnd there are involved in the Application Phase and early testing prior
to the publication of the regiond guidebook. The field data collection sheets were made
available in aworkshop in October 2000 to regulatory personne including personnel at
the MDMR. The field sheets could be used without the additional documentation due to

the information available on the data shests.

WRAP
Development of Origind Procedure

The Wetland Rapid Assessment Procedure (WRAP) was devel oped by the South
Florida Water Management Didrict to use as arating index for evauating mitigation
projects requiring creation, restoration, enhancement, or preservation of wetlands on
projects permitted by Florida regulatory agencies. WRAP is based on ecologicd and
anthropogenic factors derived from field observations and the evaluator’ s best
professona judgment. The method was developed to alow comparison of wetlands with
other wetlands of the same type. The following description is based on the customized

verson of WRAP written by Roberts (2000).



Functions Assessed

WRAP examines a number of ecologica and anthropogenic factorsin its
evauation and produces an overal score that can be broken down into 5 scored
functions. The functions assessed by WRAP are the Wildlife Utilization Matrix
(Wildlife), Wetland Overstory/Shrub Canopy of Desirable Species Matrix (Overstory),
Wetland V egetative Ground Cover of Desirable Species (Ground Cover), Adjacent
Upland/Wetland Buffer Matrix (Buffer), Wetland Hydrology (Hydrology), and Water
Quadlity Input and Treatment Matrix (Water Quality) (Figure 3). A specific set of
observations are made, then the function is scored on ascale from 0.0to 3.0. Theflow
chart seen in Figure 3 shows how the observations are incorporated into each function.
Data sheets for the method can be found in Appendix C.

Each function’s score depends on a list of variables that must be considered by the
evauator when determining the score. Wildlife Utilization is used to score whether there
isevidence of utilization by target wildlife, the amount of human impact the wetland has
had, the availability of adjacent upland food sources, and the habitat available to the
wildlife. Overgtory is scored based on the amount of areal coverage of trees and shrubs
and the amount of natura recruitment of shrubs and saplings taking place. Ground Cover
takes into congderation the amount of areal cover of target ground cover vegetation, the

amount of woody vine stratum that is present in terms of coverage, and the number of
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| Observations |

| Evidence of target wildlife |7

|Amount of human disturbance|7
A
| Adjacent upland food sources |7‘

| Adjacent Cover |7

|% areal coverage of tree/shrubs|7

| Encroachment of upland plants

—

| Recruitment of trees/shrubs |7

| Buffer width —
| Connection to offsite corridor I———"

4
| Contains desirable plants |7
| Contains invasive/exotic pl ants|7

| % coverage of target plants I———

| % coverage of woody vines

| # of target species occurring

| Adequacy of site hydroperiod I———
| Interfering conditions (ditches) |7
| Health of target vegetation I————}
| Evidence of soil subsidence I————

| % perimeter * land use |7‘
A
|% perimeter * runoff treatment|7

Figure 2.3: Flow chart showing observations affecting scored functions averaged to

3
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Scored Functions

(0-3)

Wildlife Utilization
Function
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Function

Buffer Function

Ground Cover Function

Hydrology Function

Water Quality Input and
Treatment Function

produce the Overal Score for the WRAP method.
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target vegetation species that occur. The Buffer function requires consideration of the

width of the buffer from development, the plant community makeup of the buffer,
whether the buffer connects to an offste wildlife corridor, and the number of invasve
gpeciesin the buffer. Hydrology is used to score whether the sit€'s hydroperiod is
adequate to maintain the target plant community and the relative hedlth of the plant
community, the distance to an offgte feature that could affect hydroperiod (e.g. aditch,

canal), and whether thereis any evidence of soil subsidence.

Current Usage

The WRAP method has been used in Florida and has been used in preliminary
work in Mississppi and Alabama, though it has not found widespread usage. The
method has aso found use in New Mexico and Colorado (Gunsdlus, 2000). That usage
was not verified by Bartoldus (1999) but may have happened recently, so the complete
extent of use is unknown. WRAP is usudly customized to the environmert thet it is being
used to evaduae which givesit greet flexibility for usein different syssems. The
customized version for Mississippi’s Wet Pine Savannas was crested after an interagency
mesting that included personnel from the MDMR, the Environmental Protection Agency

(EPA), and the U. S. Fish and Wildlife Service on January 6, 2000 (Roberts, 2000).

WES
Development of Procedure
The actud development of WES is not outlined in the document containing the

evauations but was obtained through persond communication from Philip L. Lewis



(Lewis, 2001). The method was developed in 1995 by Philip L. Lewis, a consultant with
Brown & Mitchdl, Inc. of Gulfport, MS, and James Tegford, the principa consultant of
JW. Teaford & Company of Vicksburg, MS. The method is based on HEP with
modifications to incorporate specific habitat characteristics. The method was based on
severd years of professona experience and observation by both consultants. A
minimum of 4 reference wetland sites were used during the development for each
wetland type and the Sites were located in Harrison or Jackson County. The method was
then fidd tested on aminimum of 4 stes (Lewis, 2001). The following function
descriptions are based on the data sheets and supporting documentation in the
unpublished report by Lewis and Teaford (1995). The overdl scoreis based on ascale
from 0- 100 where the variable scores are summed to produce the fina score (Figure 4).

Data sheets for this method are included in Appendix A.

Functions Assessed

In contrast to the previous two methods, WES does not use specific functions,
which are scored and, in the case of WRAP, then used to create a composite. Instead, the
WES procedure scores variables consdered by the authors to be centra in determining
the functiondity of the wetland and then each of those variable scores are summed to
form a composite score. For discussion purposes, 19 scored variables are collapsed into 9
unscored groupings. These groups are Soils, Tree Cover, Sgpling Cover, Shrub Layer,

Woody Vine Cover, Herbaceous Layer, Disturbance, Undesirable Species Composition,
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QJnscored Groupinga

| Soil Series Soils

| ScoredVarishle |

| % Coverage of Trees |—}

| % Longlesf Pine l—

| % Coverage of Seplings  |——

[Crosenmermr ] smmone )——|

| Avg. Height of Saplings |—

|—>
| % Coverage of Woody Vines |———|
|%Ooverageof Herba:eousSp.'—

| Spedesper ot —

e e )

| #of Sarracenia alata flowers l—

4 Tree Cover

| Avg. Shrub Height Shrub Layer

Woody Vine Cover

| Avg. Height of pitcher plants |—

| Ditching e
| Silviculture |—

| Presence l_[ ( Undesirable Species )
| Abundance |_ Compogtion

4 Disturbance

|| !—_,m
Headwater position

Figure 2.4: FHow chart for the WES Method showing how the scored variables form

groups and then are used to form the composite score.
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and Landscape Character.  The composite or overall score is the additive product of all

of the variable scores.

Each grouping is composed of 1 to 5 variables. Soils smply depend on the type
underlying the site and how well that soil type supports wetland function. Tree Cover is
composed of percent cover of pine trees and percent of Longleaf Pines. Sapling cover
looks at the percent cover of sgplings, the number of sapling dash pine per plot, and the
mean height of the sgplings. Shrub layer smply assesses the height of the shrub layer.
Woody Vine Cover assesses the percent coverage of woody vines. Herbaceous Layer
considers the percent cover of herbaceous species, species per plot, number of obligate
gpecies, number of Sarracenia alata flowers per plot, and the mean height of the pitcher
plantsin the plot area. The Disturbance grouping includes variables used to score the
presence and depth of ditches and the effects of Slviculture (e.g. rutting by machinery).
Undesirable Species Composition looks at the presence and abundance of nonnative or
nontypical speciesfor apine savanna. Landscape Character scored the size and
headwater position of the Ste.

WES a0 digtinguished between two types of pine savannas, pine savanna and
pine flatwoods, which were not recognized by the other methods. Pine savannas are
inundated for longer periods and to have an overstory of fewer trees. Pine flatwoods
have higher ared tree coverage and are usudly inundated for shorter periods of time or
not at al, dthough they are till considered a wetland based on hydrology and soils. The

difference between the two evauaionsis that the pine flatwoods evauation alowed for



more tree coverage and more recruitment of saplings and a less developed herbaceous

layer.

Current Usage

The current usage of this method is non-existent since the method was not
completed beyond the find draft stages and was never released to the public. Lewis
(2001) indicated that this method had been used in the 404 permit process for Stesin

Jackson and Harrison Counties.

Conclusons

These three methods have dightly different foci. HGM isaregiondly developed
method focusing heavily on hydrology and plants. WRAP isamore genera gpproach
customized for a pecific habitat type and scoring dl functions fairly equaly without the
overlap seenin HGM. WES s alocally developed approach that focuses heavily on soil
types while dividing the remaining score equally among the other groups. With the focus
of each method being dightly different, it is of interest from a regulatory standpoint if the
find score of the different methods are correlated. Table 5 shows alist of common
characterigtics observed in pine savannas and then shows which observations are
included in each method. Observations common to multiple methods can be seen as well

as observations used in only one method.
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Table 2.1: Comparison of information observed and or scored in each method.

M ethodologies and variable associated
with each factor
Factors in Methods HGM WRAP WES
Ditching Hydro Hydro Disturbance
Soils Soils
Soil Subsidence Hydro
Soil Alterations Hydro Hydro Disturbance
Water Inflow Hydro
Hll Hydro
Tree coverage Hydro/Plant O/SC Tree Cover
Sapling Coverage Hydro O/SsC Sapling Layer
Shrub Layer Hydro O/SC Shrub Layer
Woody Vine GC Woody Vine
Herbaceous Sp. Pant GC Herbaceous Layer
Native Grass Sp. Plant GC
Hedth of Plants Hydro
Exotic Sp. Buffer/ Undesirable Sp.
Undesirable Sp. Buffer/GC Undesirable Sp.
Headwater Position L andscape Character
Buffer Zone WU/Buffer
Evidence of Wildlife WU
Acreage Animd L andscape Character

Hydro = Hydrology

O/SC= Overstory and Shrub Canopy

WU= Wildlife Utilization




CHAPTER I
METHODOLOGY

Overview of M ethodologies ver sus Output

Results from this study were based on 3 reference sites and 16 mitigation Stes
distributed across Jackson, Harrison, and Hancock Countiesin coastal Mississppi. The
Steswere evauated using the HGM Wet Pine Savannamodel, the Florida WRAP
method customized to pine savannas, and the WES method for pine savannas according
to their procedures.

Repeetability was sudied by evauating a group of stestwo different times with
al 3 methodologies. Score comparisons of the 3 eva uation methods were done by
scoring the entire group of reference and mitigation sites and then using gatistics to
determine the level of correation between the scores. Findly, the amount of time
necessary to complete each evauation including on-Site and off-Ste time was examined.
An on-ste procedure was developed to use dl 3 methodsin onefield vist. The actud
procedure detailing requirements for each procedure follows the description of the overal

procedure.
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Description of Actual Procedure Used With All Three Methods

Off-Site Procedure

Sites usad in this study were obtained from datain the MDMR' s 404 permit files,
and cross-referenced with the USACE files with additiond information being supplied
from biologists on gaff & the MDMR. Mitigation and reference Sites were located on
maps and created as shape filesin ERDAS Imagine for usein ArcView. Prior to the field
gtevigt, | determined the soil type, adjacent land uses, mgor features that might affect
the wetland, and relative position of features such as buffer zones, wildlife corridors, and
sdt marshes These features were examined using NRCS county soil surveys, LandSat
land use coverages generated at the MDMR, and satdllite imagery.

After gathering the background information, ArcView was used to generate
random points within each assessment area. The number of points was required to be
greater than 3 and usudly between 10-25 were generated, based on the size of the
asessment area. ArcView was then used to assign latitude and longitude to those points.
Only 3 sampling points were actualy used in each ste sSHGM and WES evauation.
Actua sdection of the sample points was left until the field visits because some points
were too close to edges, some fell on non-wetland areas within the assessment area, and
the computer would sometimes clump points. The points actudly used for evauation
were chosen by the evauator to be spread out geographicdly if possible and to exhibit
the conditions of thegte.  This method of having the computer assgn random points

was used to minimize the evaduator’ s effect on the evaluation methods. Thefind step



was locating the property as exactly as possible using road maps to facilitate finding the

mitigation for the on-Site assessments.

On-Site Procedure

After ariving on-Site, the first step in the evauations was to complete a perimeter
survey (WRAP). The perimeter survey required waking a minimum of 50 % of the
perimeter and visudly ingpecting as much of the perimeter as was accessible. After the
perimeter survey, waking into the interior of the Ste was usudly necessary to determine
the homogeneity of the ste. The time to complete the perimeter ingpection and walk into
the interior was recorded as one time. The time to complete the eval uation score sheet
was added to the walking time to calculate the totd time to complete the field portion of
the assessment method.

A GPS unit was then used to locate the firgt of the randomly sdected sampling
points within the wetland. Thetime to walk to the firgt point was recorded and if that
sampling point was a reasonable representation of the site, the HGM evauation was
caried out. The HGM andysis was timed from the point when the rebar was pushed into
the soil until the last gpplicable step had been done. After completing the HGM
evauation, the WES eva uation was aso done while being timed.

This process was repegated for dl three sampling points for each site with any
points considered nonrepresentative (e.g. located on aroad, located in a ditch) being
discarded in favor of another more representative point. The time to walk between each

of the points was recorded and included in the time to compl ete the assessments.
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After completing al of the field observations for the evauations, changes to
perimeter estimates were made to compensate for geo-referencing errors, changes to the
gte, or features not included in the Ste layout on-file.  Soils were re-verified from NRCS
County Soil Survey Maps. All of the information gathered was entered into an Excel
Spreadsheet and find caculations of the variable and function scores were made. Any
additiona analysis necessary based on field observation were carried out for each method
and timed. In the course of this study, problems involving individud methods may be

resolved by rescoring the Sites or reanalyzing the data

Analysisof Data

To compare these three eval uation methods, the data had to be normalized to the
same scale and an overal score had to be produced for the HGM method. The scae
chosen for the comparison wasa0to 1.0 scale. For the WRAP data, the 3.0 score was
considered equa to a 1.0 when converted. Thisresulted in dl of the functions and the
overdl score being divided by 3.0. The WES data was considered equa to 1.0 at 100 so
al of the overdl| scores were divided by 100. HGM was aready on a0-1.0 scale but an
overd| score had to be developed to compare it to the other methods. The four HGM
function scores, Hydrology, Biogeochemica, Animad, and Plant, were averaged to
produce one overal score. Although the developers of HGM do not support the creetion
of asingle overal score for reasons cited in the Pine Savanna Model (Rheinhardt et al.,

2000), this was done to produce a score for comparison with the other methods.
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Overview of HGM

Off-gte Review

For HGM, the off-dte review began with Ste characterization of geology,
hydrology, plants, and current land use from maps and aerid photography. Any red flag
features were identified such as historic or archeologica |landmarks or special protection
areas such as watersheds or coasta management areas. The area of the wetland
assessment was defined as well as possible according to site conditions and vegetation.
The wetland assessment area was occasiondly changed once on-Ste due to unforeseen

circumstances such as ditches.

On-ste Review

The evauator traveled to the location of the first evauation point for the Ste. The
point was located as precisely as possible usng a GPS unit. Once at the point, a1.2
meter piece of sted rebar was driven into the soil for a short distance to form a defined,
non-moving center point. Two pieces of PV C pipe were then used to create a 1 n? plot
centered on the rebar while the other two sdeswere smply visuaized. The sdes of the
plot were digned with the cardina directions (e.g. North, South, East, and West). At this
point the plot was surveyed for the presence of the herbaceous indicator plants. After
completing the 1 n survey, a 2-meter long string was used to circumscribe acircle
around the rebar (12.6 n? areg). Any indicator plants located in the circumscribed area
and not counted in the previous survey were scored.

If the assessment area was a cypress pine savanng, the next step included counting

al of thetemsat 1 m height and with < 7.5 cm dbh (diameter at breast height) within a
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50 7 square centered on the rebar. Otherwise, the next step was to score any il

disturbances (e.g. ruts, bedding for slviculture, fire bresks, etc.) for the porosity and
microtopography variables. Microtopography and porosity were scored in terms of
percent coverage of aplot of 1250 n? located by measuring 5 m from the rebar central
point in 4 directionsto form asquare. Coverage of native bunchgrasses and, if
appropriate, for sedges was next. Then, the percent coverage of the ground cover, shrubs,
subcanopy, midcanopy, and canopy were scored for the evapotranspiration variable.
Those coverage variables were dl scored within the 2 m radius circle.

For the cypress savannas, the next scoring was for the distances to the nearest
sapling tree, midcanopy tree, and canopy tree of Pond Cypress (Taxodium ascendens).
For switchcane pine savannas, the number of Longlesf (Pinus palustris), Slash (Pinus
elliottii), Loblolly (Pinus taeda), and Pond Pine (Pinus serotina) within a circumscribed
10 mradius circle of more than 15cm dbh were counted. The dight differencesin the
cypress and switchcane pine savannas are taken into account through the addition and
deletion of afew varigbles in the methods; those variables are il included in the same
four functions.

The area of the mitigation Ste that burns regularly was determined with acquired
field knowledge of the Ste and aerid photos. The presence of illegaly located fill within
the assessment area was also scored. Using maps and ground knowledge, if any water
was being imported into the Site, the area of the corresponding watershed was measured.
The lagt step was to compute the fina function scores of the site from the data gathered

on-dte and off-gte (Rheinhardt et al., unpub.). The many variables were dl caculated
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and put into the Hydrology, Animd, Plants, and Biogeochemica functions with the fina

output being a function score between 0.0 and 1.0. Reationships of variablesto function

scores can be seen in Figure 2.

Overview of WRAP

Off-gte Review

Theinitid review of agte began with an off-gte review of the information
available for the site including aerid photos'maps, evauation of adjacent land uses, and
identification of the wetland itself. Aerid photos or maps were used to establish project
boundaries. Adjacent land uses were identified to establish the potentid impact of those
land uses on the wetlands dong with factors affecting water quality such as pretreatment
in detention basins.  Identification of the wetland areas and verification with soil maps
was done dong with determination of wetland types, identifying access points and

establishing maor topographic features such as cands.

On-ste Review

For the WRAP evauation, the perimeter of the wetland was surveyed on foot for
aminimum of 50 % of the perimeter. In some cases, more of the perimeter and walking
into the interior was necessary to gain a complete picture of the habitat quality and
possibleimpacts. After visualy examining the area, the evauation was used to score the
gte based on the criterialisted for each function. The Overstory, Ground Cover, Wildlife
Utilization, and Hydrology Functions were scored according to the criteria on the score

shest.



After thefidd vist, the WRAP function scores were caculated at this point to
determine the wetland’ sranking. The percent of the perimeter affected by various
adjacent land uses was cdculated using field observations, agrid photography, and
landcover maps. That information was used to caculate the Water Qudity function. The
other functions that were scored in the field were reviewed to vaidate the scores and then
the final composite score was caculated (Roberts, 2000). The results were scores of
between 0.0 and 3.0 for the functions, Wildlife Usage, Ground Cover, Overstory/Shrub
Cover, Water Qudity, and Hydrology. A mean was calculated with the function scores

to obtain the Site's overal score. Figure 3 dso shows these relationships.

Overview of WES
Off-Ste Review
There were no specific guiddines for an off-gte review of WES, but based on the
information required to accurately answer questions on the evaluation sheet (See
Appendix A), the following information was gathered. A soils map was consulted to
determine what types of soil underlie the wetland site. Aerid photos and GIS
information were examined in ArcView to determine the Ste'slocation in relation to

streams, sat marshes, and cypress-tupelo drains.

On-Site Review
The methodology did not indicate whether the method should be used on one or

on multiple points within the wetland assessment area. The decision was made use the
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WES evduation worksheet in aframework similar to HGM. Three randomly chosen
points within the wetland assessment area were evauated using the method.

At the first sample point, the evauation worksheet wasfilled out. The worksheet
required observations of Tree Cover, Sapling Cover, Shrub Layer, Woody Vine Cover,
Herbaceous Layer, Disturbances, Undesirable Species Composition, and Landscape
Character (Teaford et al., 1995). This process was then repeated at the remaining 2
randomly chosen sample points. A flow chart showing the scored variables can be seenin

Figure 4.

Description of Statistical Analyse Used
Site Characterizations and Descriptive Statistics
Sites were characterized using basic descriptive tatistics based on Sze, age of
permitted activity, and ownership. The descriptive statistics included the mean and range
of sze and age; the mean, mode and standard deviation of the function and overall

scores, and standard deviation for the total and point time values.

Repeatability and Comparisons

To study repeatability and comparison of the scores, the two different data sets
underwent severd tests. The first step in this research was to test the normality and
homogeneity of variance of each gatigtic to determine if parametric or non-parametric
datistics were agppropriate. Normdity was tested using a Kolmogorov- Smirnoff Test and
homogeneity of variance was tested using a Levene' s Test (George & Mallery, 2000).

Assuming the data were normal and had homogeneous variances, a Pearson R



Correlation was used to determine the presence and relative strengths of correlations
(George & Madllery, 2000). For data not meeting the requirements of being normd and
homogeneous, asmple log-transformation (base 10) was gpplied. For datathat were il
non-normd, the nonparametric correlation, Spearman Rho, was used to determine the
presence of corrdations (George & Mdlery, 2000). Resultsfrom al statistical tests were
considered significant a p < 0.05.

Repesatability compared the scores of a selected group that were evaluated twice
with dl three methods. Correlations between Score 1 and Score 2 were compared for
HGM, WRAP, and WES for that group of Sites.

To compare the different evaluation methods, dl of the Stes were evaluated with
the three methods testing the correlation with Spearman’s Rho.  Specific comparisons
between the Anima and Wildlife Usage, Plant and Ground Cover, and Hydrology
Functions were made for WRAP and HGM. Overdl scores were compared between

HGM and WRAP, HGM and WES, and WRAP and WES.
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CHAPTER IV

RESULTS & DISCUSSION

Overview of Data Obtained

The data obtained from this study were from 16 mitigation and 3 reference Stes.
The reference sites were used in the origind development of the USACE Wet Pine
Savanna Assessment Modd and were considered high qudity examples of this habitat
type. They are government owned and managed areas maintained through prescribed
burns. The mitigation sites used were required in 404 permitting, were spread out over
the three coastal counties, and had never been evaluated.

Data were collected on the repeatability of the methods and the comparisons of
the 3 methods. In the collection of the repeatability data, the first 8 Sites where data were
collected in Jackson County were evauated using the same methodology twice. Those
eight Stesincuded the 3 reference Stes and an additiond 5 mitigetion Sites. For the
comparisons of the different methods, data were compared for the 3 reference sites and
16 mitigation sites. At each ste, HGM, WRAP, and WES were used to evauate the Site.
The anadyss shows the statistical comparisons between the different methods for each

dte.
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Mean size, age, and ownership statistics of the Sites were generated to understand

their variability (Table 4.2). The reference Stes ranged in Size from 24.2 to 2239

hectares with amean of 100.5 hectares. Size of the mitigation Sites ranged from 0.6 to
24.1 hectares with amean of 6.2 hectares. For the mitigation Sites, the mean age was 5.6
years with arange from 2 to 8 years. Age was based on the time at which the project was
permitted by the MDMR. Of the 16 mitigation Sites, 5 were private developments and 11

were municipaly or federdly held land.

Table 4.2: Site characterizations by age, Size, and ownership for al stesincluded in
sudy.

Age (years) Size (hectares) Ownership
Mean | Range | Mean Range G P
Reference 24.2-
Sites NA NA 100.5 2939 3 0
Miigaion | 56 | 28 | 62 |o06241|11] 5
Sites

G = Government ownership (County, State, or Federal)
P = Private ownership

Repeatability Results
Evauations were initially done from September 27, 2000 to October 20, 2000 and
again from December 20, 2000 to January 22, 2001. The mitigation Stesincluded 3
private development sites and 2 county government-owned sites. The following sections
include results of the evauations and a discusson of repeetability of each method. An
overview of the repeatability of al three methods isincluded at the end.
Normality and homogeneity of variance were caculated for the data to determine

what statistical procedure was gppropriate in the andyss. Asoutlined in the methods



section, a Kolmogorov-Smirnov Test was used to establish normality of the data Using
that test, 7 cases had non-normd data. Transforming the data, only affected 2 of 7 cases.
Levene' s Test was used to test the homogeneity of variance of the data comparing Score
1 to Score 2. None of the scores showed significantly different variances between Score
1 and Score 2. The conclusion for these tests was that the data is non-norma with
homogeneous variance. Non-normdity violates the assumption of parametric tests.

Other consderations include data thet are ordind in nature and the smdl samplesize. As
aresult, non-parametric corrdations are used to study the degree of correlation between
Score 1 and Score 2 of the repeatability data. Rs isthe correlation coefficient and psisthe

ggnificance levd.

HGM

Six steswere used in the anadlyss of the HGM data for repestability. The origina
pool of stesincluded 8, of those 2 were diminated due to Site conditions that had
changed due to human modification. Hydro, Animd, Plant, and Biogeo functions dong
with the Overall scores were significantly correlated (Table 4.3) (p< 0.05). Figure 4.5
shows Scatter plots of Score 1 versus Score 2. These scatter plots, if perfectly correlated
would be aong the 45° ling; for the HGM scores, the data points on dl of the graphs are

very closeto that line.
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Figure 4.5: HGM Score Comparisons for Score 1 versus Score 2 for the Sites.
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Table 4.3: The Spearman Corrdation coefficients and corresponding p-vaues for the
comparisons of HGM Score 1 versus Score 2 functions.

HGM Spearman
Functions Rs Ds
Hydro 0.95 0.004
Animd 0.94 0.005
Plant 1.00
Biogeo 0.93 0.007
Overd| 1.00

WRAP

Eight Sites were used to examine WRAP srepegtability. The functions Wildlife
Utilization, Ground Cover, and Buffer were sgnificantly corrdated (Table 4.4) (p <
0.05). The other two functions, Overstory/ Shrub Cover and Hydrology, aswell asthe
Overdl scores did not show a significant level of correlation (p > 0.05). These statistical
results, shown in Table 4.4, indicate that WRAP was not as repeatable as HGM. The
variability in the scoring is evident on the scatter plots by the distance of some points

from the 45° linein Figure 4.6.
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Table 4.4: The Spearman Corrdation coefficients and corresponding significance levels
for the comparisons of WRAP Score 1 versus Score 2 functions for each function.

WRAP Spearman
Functions Rs Ps
Wildlife
Utilization 0.88 0.004
Overgtory/Shrub 0.63 0.092
Ground Cover 0.83 0.010
Buffer 0.87 0.005
Hydrology 0.63 0.093
Overdl 0.58 0.131

WES

There are only 6 Stesin this WES anays's due to the eval uation method being
included in the experiment after the first two Stes had been evduated. The Overdl score
comparisons for repeatability were sgnificantly corrdlated (Table 4.5) (p < 0.05). A
scatter plot of the Score 2 vs. Score 1 showed that the data were fairly consstent and very
closeto the 45° line with one Ste being noticeably distant from the line (Figure 4.7). An
andysis of the field notes showed no particular variable scored differently; there was
amply acumuldive difference in scoring.

Table4.5: The Spearman Correlation coefficients and corresponding p-vaues
for the comparisons of WES Score 1 versus Score 2 for overal scores.

WES Spearman
Rs Ps

Overdl 0.83 0.042
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Figure 4.7: Scatter plot showing WES Overal score comparisons.

Overdl Repeatability Findings

Of the three methods studied here, the Spearman correlations indicated that HGM
was the most repesatable method having significant correlations and high Rs values (Table
4.4). WES was potentialy as repestable except for an unexplained data point, which
lowered its Rsvalue (Rs= 0.83). WRAP wasthe least repeatable evauation in this
andysds having the lowest Rs vaues and with the Overal and Animd and Hydrology
function scores not significantly correlated.

Thefairly high repeatability of HGM and WES versus WRAP should be
examined in severd ways. HGM and WES had very defined varigbles that were
observed and scored versus the WRAP method where smilar observations were made but
were used to form a composite function score without being scored themsdlves. For
example, in the Ground Cover function of WRAP, coverage of target vegetation, the
coverage of woody vines, and rdative numbers of target species are dl observed but no

scores are given to them individualy, they just factor into the Ground Cover function. In



WES, percent coverage of herbaceous species, percent coverage of woody vines, and
species per plot were al scored individualy and then added into the Overdl Score.

These types of differences in the methods increased the opportunity for the
evauator to influence the WRAP eva uation because specific variables were not scored
separady. Itisimportant to consder that in the origind verson of the WRAP method,
testing in Florida showed it to be repeatable with differencesin scores being due to sites
and not different evauators (Miller & Gunsaus, 1999). The circumstances around that
testing included the idertification of specific Stes and scoring those Sites and then
evauators had a two-day training course on how to score those sites (Miller & Gunsaus,
1999). Repestability of the same evaluators on the same sites was not addressed in that
study though. Thetraining probably helped reduced the variability of the method.

In essence, if the evauator is highly trained, the methods may very wel exhibit
the same and rlaively low levels of variability. The evduator in this case received
equa amounts of training for each method from talking with authors or users after
extended review of each method’ s documentation. Since WES and HGM dready show
sgnificant levels of corrdation, training might aso reduce their variability but it would
have alesser effect than on WRAP evauations. It should be noted that this was asmall

number of gtes and sampling alarger number of Stes might aso reduce the variability.



Scor e Comparisons Between M ethods

Nineteen stes were used to compare scorings between the three methods; the sites
included 3 reference Stes and 16 mitigation Stes. Normdity and homogeneity of
variance were examined to determine which statistical procedures were most appropriate.

Testing for normaity showed that WRAP s Wildlife Utilization and Hydrology
had non-normd digributions. Transforming the dataimproved the Wildlife Utilizetion
but not Hydrology. For HGM, Hydrology and Anima Functions were non-normal and
were unaffected by transformation. Histograms of those data vdidate this finding by
showing a bi-modd digtribution. Using Levene' s Test for homogeneity of variance, the
comparison between the Hydrology scores of WRAP and HGM had significantly
different variances (p < 0.5). Comparisons of Plant and Animal scores between HGM
and WRAP and comparing HGM, WRAP, and WES Overdl scores al showed
homogeneity of variance. Asaresult of these statistics, a nonparametric test was chosen
as mogt appropriate. A relaively smal data pool aso reinforces using a non-parametric

correlation.

WRAP and HGM

Score Comparisons between WRAP and HGM for the eval uated sites, including
mitigation and reference stes, show different centra tendenciesin the data and varying
corrdations. The data showed that the mean vaues for some functions were very
different and for other functions were fairly smilar. The Hydrology and Animd

functions showed large differences in centrd tendency between HGM and WRAP while
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the Plant function showed relaively smilar centrd tendencies. The Overdl score mean

vaue showed that the scores were not exactly the same but were close (Table 4.6).

Table 4.6: Mean, mode and standard deviation for the comparison of HGM and WRAP
by function and overd| score.

M ethod/Function M ean Mode Standqrd n
Deviation

HGM/Hydro 0.32 0.00 0.42 19
WRAP/Hydro 0.61 0.67 0.24 19
HGM/Animal 0.31 0.20* 0.23 19
WRAP/Animal 0.60 0.50 0.21 19
HGM/Plant 0.65 1.00 0.32 19
WRAP/Plant 0.62 0.50 0.29 19
HGM/Overall 0.54 0.47 0.22 19
WRAP/Overall 0.62 0.58 0.20 19

* | ndicates that more than one mode existed and the lowest is shown

Statigtical anayss of the WRAP and HGM comparison data showed the Plant
function and Overal score were significantly correlated (Table 4.7) (p < 0.05). The
Anima function, which showed one of the two largest differencesin centrd tendency,
was not sgnificantly corrdated. Hydrology aso had alarge difference in centra
tendency but showed up as being sgnificantly corrdated with alow Rs vaues (Table
4.7) (p < 0.5). The scatter plots of the Hydrology scores show large differencesin the

scores (Figure 4.8).



Table 4.7: Spearman Correlation coefficients and p-vaues for the comparison of HGM
and WRAP by functions and overal scores.

Figure 4.8: WRAP scores versus HGM scores for functions and Overdl scores.
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WES and WRAP

The mean for WES s overall score was 0.55 and for WRAP was 0.62, which

suggests that the methods are scoring somewhat smilarly (Table 4.8 & Figure 4.9).

Comparison of the overal scores between WES and WRAP showed alow Rsvaue but a

sgnificant corrdation (ps< 0.05, Rs= 0.505). The scatter plot of WES versus WRAP

verifies a correlation but not a strong one (Figure 4.9).

Table 4.8: Mean, mode and standard deviation for the comparison of WES and WRAP by

overdl score.
. Standard
M ethod/Function M ean Mode Deviation n
WES/Overall 0.55 0.52 0.16 19
WRAP/Overall 0.62 0.52 0.20 19

Figure 4.9:

WES vs WRAP Overall Score
Comparisons
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Plot of WES versus WRAP Scores
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WES and HGM

Comparing WES and HGM indicates amoderately high Rs vaue (R= 0.802) and

adgnificant corrdation (ps < 0.05). The mean vdue for HGM was 0.54 and for WES it

was 0.55 (Table 4.9). The scatter plot shown in Figure 4.10 shows the points are

relatively close to the 45° smilar to WES and WRAP. The similarity in the means and

high Rs value indicate a stronger correlation than the comparison of WES and WRAP or

WRAP and HGM.

Table 4.9: Mean, mode and standard deviation for the comparison of WES and HGM by

overdl| score.
M ethod/Function M ean Mode Standa_rd n
Deviation
WESOverall 0.55 0.52 0.16 19
HGM/Overall 0.54 0.47 0.22 19

WESvsHGM Overall Score
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Figure 4.10: Plot of WES versus HGM scores




Overdl Comparison of WRAP, WES, and HGM

Figure 4.11 shows the scores of al three methods by ste followed the same

generd trends. Close analysis of the scores on a Site-by-site basis show that the scores

wererardly exactly the same and occasionally were very different. The differences are

accounted for in the way the methodol ogies placed importance on different factors.
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Figure 4.11: Plot of score comparisons by site for HGM, WRAP, and WES.

The HGM method focuses heavily on hydrology and plants. For both of those

functions, they are a scored function and additionaly are haf of another function. For

ingdance, the scored Hydrology function isincluded in the Biogeo function. The Plant
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function isdso indluded in the Biogeo and Animd functions. HGM is aso heavily

influenced by acreage.

The WRAP method does not focus on any one variable. Two variables that score
plant features are included, but they are scored independently of each other, as are dl of
the other variables. WRAP has much more flexibility because the method only generdly
outlines the factors ontSite to be scored. This contrasts to HGM, which requires specific
things to be scored. For example, HGM requires the identification of 20 specific plant
gpecies versus WRAP which scores the Plant function in part on the “target pine savanna
herbaceous species occurring” (Roberts, 2000), and then includes an appendix list of
plants without specifying which plantsto look for or ranking them.

WES is a method heavily focused on the type of soil of the wetland area. The ol
score makes up 25% of the WES Score while the other groups looked &t vary from 10%
to 20% of the score.  The genera trends of the overall scores of the methods can be seen
in Figure 4.11. These line graphs of the scores categorized by the site shows a generd
trend of HGM scoring the lowest and WRAP typically scoring higher with WES usudly
fdling in between. These are only very generd trends and in severd sites thiswas
different.

The comparisons of WRAP and HGM on a function-by-function basis showed
that the Anima function was not sgnificantly correlated, whereas the Plant function and
Overdl scores were Sgnificantly corrdated. The Hydrology function was also
sgnificantly corrdated even though the means and scatter plot of that data indicated the

correlation was not strong. Comparing WRAP to WES showed a significant correlation
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intheir overdl scores (p < 0.05) (Table 4.10). WES and HGM showed the strongest

correlaion in overdl scoreswith alow p-vaue and amoderatdly high Rsvaue (p <

0.05). The paired score comparisons of the three methods to each other shows that HGM
and WES have the mogt significant correlation with the relationship between HGM and
WRAP coming next and the relationship of WES and WRAP being the worst correlation

based on Rs vaues, dthough al comparisons were sgnifican.

Table 4.10: Comparison of statistics for Overall scores between the 3 methods.

Spearman
Compared
Methods RS Ps
HGM/WRAP 0.64 0.003
HGM/WES 0.80 0.000
WESWRAP 0.51 0.027

The comparison of al three methods showed that the focus of each method may
tend to make the scoring very different for functions within the method or the scoring
may be very different for individua sites, but generdly al three methods followed

smilar trends.

Time Comparisons
An important congderation when usng amethod of wetland evauation in
regulatory work isthe amount of time that must be spent to complete the method and the
amount of informeation gathered from the method. This andysslooked at the time to
complete each method including on-Ste observations and off-dte andyss. Sixteen Sites

were used in thetime anayss, of the 19 sites evaluated, 3 were diminated due to
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variations in the times caused by human error. The mean total times and standard

deviations are seenin Table 4.11. Unitsfor time arein hour, minute, and second format

(HH:MM:SS).
Table 4.11: Comparison of tota times to complete each method and point evauation
times.
Totd Evduation Std Deviation Point Evauation Std Deviation
Time* Time**
HGM 1:08:39 0:19:51 0:09:05 0:02:11
WRAP 0:31:21 0:18:23 0:05:24 0:00:49
WES 0:34:11 0:10:45 0:01:50 0:00:20

*Total Evaluation Timeincluded all time spent in evaluation both on-site and off-site.

**Point Evaluation Time was the time to eval uate one point of the three chosen for HGM and WES or the

one point for WRAP.

The mean time to complete an HGM eva uation was 1:08:39 with a standard
deviation of 0:19:51. HGM was dependent on the Size of the area since the time to walk
between assessment points was included. The mean time require to complete the written
evauation at one sample point on site was 0:09:05 with a standard deviation of 0:02:11.
There were 3 sample points evaluated per Site.

For WRAP, the mean time was 0:31:37 with a deviation of 0:17:50. A lot of the
vaiability in time for WRAP wasin the caculation of the water qudity variable, which
necessitated referencing various imagery and land use maps to determine the scoring of
individua types of stes and aso measuring the perimeter of the wetland in contact with
adjacent land uses. The actual mean time to do the point evaluation was 0:05:24 with a
standard deviation of 0:00:49. Included in the WRAP evaugtion time was the time to
walk at least haf of the perimeter of the Site and walk into the Site far enough for the

evaduator to fed they had gained an understanding of the Ste's characteritics.



WES mean time to completion was 0:34:11 with a standard deviation of 0:10:24.
The way WES was implemented here was smilar to HGM in thet the time was
influenced by the size of the Ste because time spent walking between evauation points
wasincluded inthetotal. For each written evauation a a sample point, the mean time
was 0:01:50 with a deviation of 0:00:20.

Overdl, eventhough WES and WRAP had smilar evaduation times, the actud
time to do an individua evaugtion for WES was much lower than HGM and more than 3
minutes less than the time to do the WRAP evduation. HGM takes the longest of these
methods and even the individua sample point evaluations took amost twice aslong as

WRAP and alittle more than 4 times as much as the WES evauation to complete.



CHAPTER V

SUMMARY, IMPLICATIONS, AND CONCLUSIONS

Summary of Results

Of the evaduation methods examined in this study, HGM produced the most
repestable results. WES was gtill avery repeatable method and more data might have
indicated it to be as repeatable as HGM. WRAP did not show up as being avery
repeatable method in this study. The rdiance on “Professona Judgment” as opposed to
defined, scored variables probably accounted for much of the difference.

The comparisons of the overdl scores of the methods actudly showed that the
comparisons of WRAP to HGM, HGM to WES, and WRAP to WES were dl
significantly correlated at the 0.05 level. The most significant pairing was between HGM
and WES, with HGM and WRAP being dightly lower, and WES and WRAP being the
weekest correlation. So while the different methodologies dl have different focuses, the
results are il sgnificantly corrdated.

The time to complete the different methods showed HGM taking by far the
longest at just over one hour. WES and WRAP averaged around haf of an hour to

complete.
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Implications of Results
Taken together, the above facts indicate that HGM and WES are methods yielding
amilar results. Based on the time data, WES is somewhat more preferable than HGM
because the time is dmogt haf of the HGM score. A congderation that might make
HGM more ussful for regulatory work is the repeatability of HGM, which would
trandate into defendable resultsin legd settings or controversa Stuations with

competing interests, which is occasondly an issue for the MDMR.

Overall Conclusons
Based on thisandys's, HGM would be the best choice of methods dthough WES
has potentid if further developed to produce smilar resultsin haf thetime. WRAP
seemsto be too reliant on Professond Judgment. This becomes a problem for the
MDMR because of ardatively high employee turnover in positions overseeing
mitigation. Typicd tenure in the wetland permitting positions is 11.53 months (Danid,
2001). Use of HGM would be reproducible between employees and over time while

requiring little training.
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Appendix A.1: Continued.

PINE SAVANMAH ASSESSMENT SHEET
SITE NAME: SIZE:
DATE: | ASEESSOR:
50ILs
Soi Senes || Atmones 25 | Dakevila 18 | Escambia & | Boaursgard F
Plumieser 5 Guylna 15 | Rareston B | Emady 2
Smithten = Myatt 15 | Ocily 8 | Hyde 2
Trebloc 15 Hoberadale 2
TREE COVER
& Cawar O-15% 5 15-3E% 3 L] 2 FEO% 5
% Longleal 5% ] 2E-E0% a 15-75% 2 <15% 1
Binn
SAPLNG COVER
% Cover =10% ] 10-20% 4 21-41% 2 =A% 1
Shah Pirs LAl 2 10-20PI 1 21 -40Mat -] =d0iPlc -2
Avie. Height <50 ;] .10 % 1 1125 1, o 25 E]
SHRUB LAYER
ave. Hegnt || <2 i | 148 j:2 | ine 1 ~a R &
WooDY VINE COVER
% covar | HE% £ | 10-20% e T140% 2 240% 2
HERBACEOUS LAYER
% Cover »A5% 4 Fo-a5% 3 070 2 ] L |
SpiPiot >a0iPioa 4 I5-40Far 3 15-25iPiey 2 =15:/Flal 1
oBL = APl k. 3 Piot 1 L al 1 ikl 1
Epecha
# Flosemn = Z50LPiat 3 160-ZaEF ot 1 GO-1 TPt T <D0UPk 1
Fiat
Anw. Picher
et =1F 2 1416 1 12-14° 1 =13 1
DISTURBANCE
Criching No dilches =2 A desg Ne diches »3 A desp Diches 34 At deep are Citches >4 & diap am | 5
within 350 yarde ofste | T | within 100 yarde of aie | 4 | pesectwithin 100yarda | -3 | sresentwihin 200 yands
beundares boundanoe ol she houndanes al site boundsnas
Timber Ava, s DBH =12% 3 | Ave. tes OBH 10-17% 2 | Ave. tres DEH 8-107 1 Ava, wee [OEH =87 | Q0
Harvest rinimal ruting slighi-mod. rutting modarde rutting ailanaive rulfing
UNDESIRABLE SPECIES COMPOSITION
Prasence 02 Spocies 3-5 Speciss F il Speces 3 >3 specinn 5
Abundanoe =% S 10% 2 11-20% -3 =20% -5
LANDSCAPE CHARACTER
San =5 Aome 5 11-50 Acran a 2-10 Acran 2 “1 Acres 1
H Siw bound welftin Sie boundanes within S4m boundanes wahin She bourdares = 150
Poaillon 50 yards of Bracksh/ 100 pards of backiah 250 yards of breckih/ yarde from a Brackishy
aail mracsh, cypress- | 5 |83k mamh, eppress- | 4 | sad mamh, cypress- | 3 | esR mamb, crpmes- | 2
upscdnpreEso NN, fupsio depresonidrain, upelo depreasisnidrain, fupsio depreesonidam,
fevnnted Gayhead, or loresied bayhead, or Taf foresied bayhesd, oe 18l lmrastnd bayhead, or Tst
tal ardar stmam UEr SITEEm ARl Sk coiar sbmam
TOTAL TOTAL TOTAL TOTAL
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Appendix B.1: Data Sheet 1.

Field Data Sheet 1: Mineral Soil Wet Pine Flats of the Altlantic and Gulf Coastal Plain

Assessment Team: Date:

Project Name/Location:
Sketch WAA below (provide north arrow, major landmarks)
Be sure to partition WAA into partial WAAs first (use key in Table Al).

Notes:
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Appendix B.2: Data Sheet 2.

Sheet 2: Wet Pine Flats (V,ypscp, Vinerows Vsureeows Yourrrows Vsrorace s Ver)

Assessment Team:
Project Name/Location:

1. Vinpscp  Areaof contiguous savanna (upland and wetland, including WAA) which has burned
within the past 3 years: (do not include fire-excluded areas or barriers to fire exclusion
> 50 m wide). Also, exclude all bedded areas, even if manged with fire.
Vivpsce = 0.0095 x (area in hectares) + 0.05.

L.V iqnpsce:

2. Vinrrow Inflow of water from an exogenous basin (calculate from county drainage maps, aerial photos,
topographic maps, and/or site reconnaissance). If no water is imported, Vinprow = 1.0.
Otherwise, calculate from information below (basin areas determined from upgradient
of point of water inflow).

a. Size of total drainage basin (TB), minus size of tota! natural drainage
basin (NB) equals size of exogenous basin (EB)
b. Divide EB by NB, subtract from 1.0 (1.0 - EB/NBY). If answer is negative,

assign 0.0 to score. 2. Viverow

Variables 3-8 are obtained from partitioning the WAA .
3. Vsurerzow Absence of reservoir (1.0) caused by an impediment (dam) to throughflow:

[within reservoir (0.0); within reservoir shadow (0.5)] 3. Vsurerrow
4. Vourriow Within (0.0) or outside (1.0) lateral effect distance 4. Vourriow
5. Vsroree  Presence (0.0) or absence (1.0) of fill or excavation 5. Vsrorace
6. Vgr Evapotranspiration potential

If site history is not known or WAA has been planted with pines for silviculture, then
obtain LAI data from plots (Data Sheet 4). Otherwise, assign Vg subindex from site

history conditions (below). Note: Treat mowing (utility rights-of-way, etc.) the same as fire,
(a) If the WAA has not been planted with pines for silviculture and fire has occurred

within past 3 years, then Ver=1.0
(b) If fire has been excluded for the past 3-10 years, record the number of yeass"

years since last mowing or fire (LF) - Ver =0.30((10 - LF)/7) + 0.70

(¢) If fire has been excluded for more than 10 years, then, Vg, =0.70. 6. Ver D




Appendix B.3: Data Sheet 3.

Sheet 3: Wet Pine Flats (V. HERB)

Assessment Team: Date:

Project Name/Location: - WAA:
—

Measure only in Bunchgrass/Pine Savannas and Cypress/Pine Savannas (least wet end of wetness gradient),

(a) For each indicator species/genus that occurs in the 1-m? nested plot, record "1.0",

(b) For each indicator plant that occurs ini the 2-m-radius plot, but does not occur in the 1-m? nested plot,
record "0.5". .

Herb Indicator Species X Plot1 [-Plot2 | Plot3

Aletris spp. (4. farinosa, A. aurea)

Aristida_spp. (A. stricta, A. beyrichiana), Sporobolus spp.

Balduina spp. '

Bigelowia nudata

Carphephorus spp.

Chaptalia tomentosa

Coreopsis. spp.

Ctenium aromaticum

Dichromena spp.

Erigeron vernus

Eriocaulon spp.

Eryngium integrifolium

Eupatorium leucolepis

Helianthus spp.

Lycopodium spp. (especially L. alopecuroides )

Muhlenbergia expansa

Rhexia spp.

Sarracenia spp.

Schizachyrium scoparium

| Xyris spp.

Total Indicator Score for each plot

Mean for all plots

(c) To determine the mean score, total all scores and divide by the number of 1-m> plots (at least 3).

(d) Divide the mean by 8.0 for Bunchgrass/Pine Savanna or by 7.0 for Cypress/Pine Savanna. If score
> 1.0, reduce score to 1.0.

Bunchgrass/Pine Savanna score (divide Mean by 8.0) 8. Viyppg:
Cypress/Pine Savanna score (divide Mean by 7.0) 9. Vyigs:




Appendix B.4: Data Sheet 4.

Sheet 4: Wet Pine Flats (Vg5 )

Assessment Team: Date:
Project Name/Location: WAA:

Measure only in wet Cypress/ Pine Savannas and in Switchcane/Pine Savannas

Plot size: 50 m®. Vsusc (subcanopy density): woody stems > 1 m tall and < 7.5 cm dbh rooted
within plots. Count all stems (not limbs) at | m height.

Subcanopy stem count
Species Plot1 | Plot2 | Plot3 Total Mean
Total
Total Subcanopy Density for Site (mean x 200)
lll- Vsusc L

'If site has been mechanically cleared, then Vgype = 0.0; otherwise, if subcanopy dénsity < 6,500 stems/ha, then
Vsuse = 1.0. If subcanopy density is between 6,500 and 19,500 stems/ha, then Vsuse = (19,500 - density)/13,000.
If subcanopy density is > 19,500 stems/ha, then Vsuse =0.0.
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Appendix B.5: Data Sheet 5.

Sheet 5: Wet Pine Flats (V)1cz05 Vrogz)

Assessment Team:
Project Name/Location:

Do not measure if Hydrologic submodels 1-4 i.e., Vs FLOW S

Date:
WAA:

Vourerows VinrLow O Vropae = 0.0).

Cover 1 (midpoint) Microtopo
Type of alteration to microtopography of 50-m” plots Mean | Alteration | Score (Mean
Plot 1 | Plot 2 | Plot 3 | Cover Value cover x Value)
None, natural * (unaltered) 1.0
| Lightly grazed, rutied 08
Intensivel rutted 0.6
i i i 04
Fire breaks or deep ruts 3*20 cm from rut to ridge) 03
Tilled cropland - 03
Recent feral hog rooting 0.2
Bedded for silviculture . 0.2
Ruts from off-road vehicles @20 cm deep) 0.1
Gasline ROW 0.1
| _ Impervious 0.0
| _SsuM 1000 | 1000 | 1000
Total microtopographic alteration score (sum last col 9. Vagero =,
Cover 1. (midpoint) Soil
Type of alteration to soil porosity of 50-m’ plots Mean | Alteration | Score (Mean
Plot 1 | Plot 2 | Plot 3 | Cover Value cover X Value)
None, natural  (unaltered) 1.0
Recent feral hog rooting 0.9
Ruts from off-road vehicles (< 20 cm deep) 0.6
Fire breaks or deep ruts (> 20 cm m.o_unnﬂomnmmw 0.4
Bedding for silviculture 04
Light artillery 03
b ing cattle 0.2
Graded or excavated for pipeline 0.1
Tilled cropland 0.1
| Impervious - 0.0
SUM 1.000 1.000 1.000
Total soil alteration score (sum last column) 10. Vpope =

Note: At least three 50 m” plots (150 m”) should be sampled per WAA. This variable is only measured if the site is otherwise hydrologically unaltered.
! Record midpoint of cover classes (in parentheses): 0% (0), 0-5% (0.025), 5-25% (:015), 25-50% (0.375), 50% (0.50), 50-75%

95-100% (0.975), 100% (1.0).

2 First determine cover for all other categories (alterations), sum, and subtract sum from 1.0 to obtain area unaltered (row 1).

(0.625), 75-95% (0.85),
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Appendix B.6: Data Sheet 6.

Sheet 6. ./et Pine Flats szau <.wm.ghhu <h.ﬂ.v
Assessment Team: ) Date:
Project Name/Location: WAA:
Percent cover (living plants in 2-m radius)’
Plot 1 Plot 2 Plot 3 Cover
Native bunchgrasses 2 12. Vg
Sedges® 13. Vegpees ™
Cover of living plants (2-m radius)
Plot 1 Plot 2 Plot 3
Composite Composite Composite
Stratum ° Cover'| LAI |LAIXscore®{Cover!’ LAI |LAI score®| Cover! LAI | LAI score’
Groundcover 1 1 1
Low Shrub 2 2 2
Subcanopy 3 3 3
Midcanopy 4 4 4
Canopy 5 5 5
Total LAI score
|_Mean LAI score (total/ number of plots)
Bunchgrass/Pine Savanna 14. Vg %
Cypress/Pine and Switchcane/Pine Savanna 15. Vg

Note: Cover is midpoint of cover categories from Table 4.

_Woooa EE—uomaai.ooﬁao_uﬁﬂn?\oAS,o.mx Ae.enmv.m.nmxehmv.nm.mo*e.m.umv%\u Ae.ms.ue..\m«}3.3&,3.3&.3&3.3._%} (0.975), 100% (1.0).

*Includes Cenium i (toothache grass), Muhlenbergia expansa (Muhly grass), Aristida stricta (northern wi Aristida beyrichi. h
wiregrass), Schizachyrium scoparium (little bluestem), Sporobolus spp. (dropseed), and wiry native Rhyncospora spp. (if west of the Mississippi River).

* Includes Carex, Scleria, and iry Rhynchospora spp. (M only in Cypress/Pine Savannas)

*Vyse (if mean cover> 0.50, then Vyzg = 1.0; if mean cover < 0.50, then Vs = mean cover/0.50).

u<§oﬁ (if mean cover > 0.50, then Vgepges = 1.0; if mean cover < 0.50, then Vsgpges = mean cover/0.50).

aEism ion: Ground, = herb stratum); Low Shrub = woody plants < Im tall, Subcanopy = woody plants > 1 m tall and < 7.5 cm dbh; Midcanopy =
stems 7.5-15 cm dbh; Canopy= trees > 15 cm dbh. .
7 Composite LAI = Cover X LAI

.<:no.w§w§$§$§m»mm~nEANo.58<au_.o.wenmmsrawgaan.oga 3.0, then Ver = 1.0 - [0.3 (LAI - 2.0)}, if Site LA > 3.0, then
Ver=07.. = - ;

o<ﬂ».o_. gagﬁoimisgéomugmmwﬁgA 3.5, then Vgr = 1.0, if Site LAI is between 3.5 and 5.0, then Vera 1.0-[0.2(LAI-3.5)],
if Site LAI> 5.0, then Vg, =0.7




Appendix B.7: Data Sheet 7.

~
* Sheet 7: Wet Pine Flats Vereress)
Assessment Team: k
Project Name/Location; Date:

) cyplié” o
Measure only Taxodium ascendens (pom;l1 ) in Cypress/Pine Savannas.

Distance (m)* Mean
Plot#1 | Plot#2 | Plot#3 | Distance | Density’ _|Physiognomy®
Sapling' - '
Midca.nopy2
Canopy® !
Mean

! Stems > 1 m tall, but < 7.5 cm dbh

? Stems 7.5-15 cm dbh

* Stems > 15 em dbh

* Measure distance in meters to nearest individual in each size class

? Density = 10,000/[2 X (Mean Distance)’]

®Sapling Physiognomy = Density/d50, if > 1.0, reduce to 1.0
Midcanopy Physiognomy = Density/50, if > 1.0, reduce to 1.0
Canopy Physiognomy = Density/100, if > 1.0, reduce to 1.0

7 Verprass is the mean of all three Physiognomy scores
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Appendix B.8: Data Sheet 8.

Sheet 8: Wet Pine Flats Veoners Vemss)

Assessment Team: Date:
Project Name/Location: WAA:

Measure only in Switchcane/Pine Savannas.
Plot size = 10-m radius. Vemes (pine tree density): trees > 15 cm dbh

Pine tree count
Species Plot1 | Plot2 Plot 3 Total Mean

Pinus palustris

Pinus serotina

Pinus taeda

Pinus elliottii

Total Density of all Pine species (mean x 31.8)
Total Density of Longleaf and Pond Pines (mean x 31.8)

17. Viono, &
18. Vppues:

! Vione. (If longleaf and pond pine density is 75-300 stems/ha, then Vg, = 1.0; if longleaf and pond pine density
<75 stems/ha, then V, 5y, = density/75; if longleaf and pond pine density > 300 stems/ha, then Vione, =
1.0 - ((longleaf and pond pine density - 300)/300); if longleaf and pond pine density > 600 stems/ha, then
Viowar = 0.0,

’V,,,,,;g (If pine density 75-300 stems/ha, then Vo = 1.0; if pine density < 75 stems/ha,
then Vpyyes = density/75; if pine density > 300 stems/ha, then Vemes = 1.0 - ((pine tree density - 300)/300); if
pine density > 600 stems/ha, then Venes =0.0.
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Appendix B.9: Data Sheet 9.

Summary Workheet for Mineral Soil Wet Pine Flats

Assessment Team:

Project Mame/Location:

Mote: All scores must be betwesn 0.0 and 1.0

L Vogrow  Inflow of waier from An exogenous basin
3 ._-_.g M_E.E_.E.B._..:EEEW-E

WA

———

F1: Maintain Characteristic Water Lovel Regime

FClivonowoay = The kawest score of the following 5 sibmodels
(mote: sabmode] & 3 need not be ealeulated if any indice

for submedels 1-4 = 0.0}

L. Vogrecow

4V ymrow

Ly

4+ Virowear

. (Ver = ((Vawcn + Viroue VTN

U either Ve (# 6) or Vi (8 14 ar 15} in absove equation]

F2: Maintain Characteristic Plant Community
Fi

or BunchgrasePine Savanms, FCTp e = the highest score oft

Feat Cypresa/Pine Savenna, FCly, e = the bighest scare af;

3. Vi (¥ 10} and
£ Ve and

& [Vermues X ([ Vaencrs + Vipge V3]

mdpoadpive | | For SwitchoanslPine Savanms, FClyery =

L Viwmsce  Aren of contigsous fire-maintsined landscape _||l— Wauiﬁgnfzggg

6. [Vaawos X 00V pay + Vigge W23

L=

F3: Maintain Characteristic Animal Community

glggxﬂguﬁl

Fllunenocams = [FClp s X S
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Appendix C.1: Data Sheet 1.

Wgt

land Rapid Assessment Procedure

O sistng Conatans " [-Troposes conamions__( WRAP )
Project Name Date Evaluator

Application Number

Wetland Type

Land Use F! S Code
Desc n: l

Wetland Acreage

Wildlife Utilization fflﬂ

Habitat Support / Buffer

Buffer type  (Score) X (% of area) =Sub Totals

Wetland Ground Cover (GC)

wQ InEut & Treatment (WQ)*

Wetland Canoff fOIs)
Fleld szrolm (HYD)

* The value of WQ is obtained by adding the

TOTAL scores of Land use Category and

Pretreatment category then dividing by 2
TOTAL -

Land use Category (LU)
Land use Category core} X (% of area) =Sub Totals

Pretreatment Catego
Pretreatment Category (Score) X (% of area) aSub Totals

WRAP Score

Field Notes:

{LV) TOTAL (PT) TOTAL|

T —

Eetland Canopy (0/S)

kauand Ground Cover {GC) ]

Habitat Support / Buffer |

Input & Treatment (WQ
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Appendix C.2: Data Sheet 2.

Pine Savanna Habitat Assessment Variables

Vildlife Utilization
Existing Pine Savanna Exhibits No Evidence Of Target Wildlife

. No evidence of utilization by target wildlife
X Existing wetland is heavily impacted
X No habitat for target wetland wildlife species

Existing Pine Savanna Exhibits Minimal Evidence of Target Wildlife

Minimal evidence of utilization by target wildlife

Wetland may be located in a residential, industrial, or commercial
development with frequent human disturbance

Sparse or limited adjacent upland food sources

Little habitat for target wetland wildlife species

R T

¥
Existing Pine Savanna Exhibits Moderate Evidence of Target Wildlife
Moderate evidence of utilization by target wetland wildlife
Evidence of aquatic macroinvertebrates and/or amphibians
Minimal evidence of human disturbance
Adequate adjacent upland food sources
Adequate protective cover (habitat) for target wetland wildlife species

P4 D4 X

Existing Pine Savanna Exhibits Strong Evidence of Target Wildlife

Strong evidence of utilization by target wetland wildlife

Abundant aquatic macroinvertebrates and/or amphibians present
Negligible evidence of human disturbance

Abundant adjacent upland food sources

Excellent protective cover (habitat) for target wetland wildlife species

PR R R

The wildlife utilization variable is a measure of observations and signs (i.e. scat, tracks etc.) of
target wildlife, primarily wetland dependent species. A list of target wildlife species is provided
as Attachment A. This list may be expanded in the future as more information becomes
available.
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Appendix C.3: Data Sheet 3.

Closed Overstory/Shrub Canopy Strata

X Percent areal cover of either tree/shrub stratum 75% or greater

X Heavy encroachment of upland/transitional tree/shrub species

Moderate Closure Of The Overstory/Shrub Canopy Strata . 1

X Percent areal cover of either tree/shrub stratum 50% or greater but less
than 75% .

X Moderate natural recruitment of overstory tree/shrub species

Minimal Closure Of The Overstory/Shrub Canopy Strata

X Percent areal cover of both tree/shrub stratum 20% or greater but less than
50%
X Some natural recruitment of overstory tree/shrub species

Open Overstory/Shrub Canopy Strata
X Percent areal cover of both tree/shrub stratum between 0% and 20%
X Negligible natural recruitment of overstory tree/shrub species
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Appendix C.4: Data Sheet 4.

A%

etative Ground Cover of vanna Speci

Neghgtble Target Ground Cover Vegetation Present

Percent areal cover of target vegetation < <10%
Prominent woody vine stratum

Target pine savanna herbaceous species rarely occurring
Extreme natural recruitment of undesirable species

R R

Minimal Target Ground Cover Vegetation Present -

X Percent areal cover of target vegetation <50% but greater than 10%
X Prominent woody vine stratum between 10% and 20%
X Minimal number of target herbaceous pine savanna species present

Moderate Target Ground Cover Vegetation Present

X Percent areal cover of target vegetation 50% or greater but <70%
X Prominent woody vine stratum <10%
X Moderate number of target herbaceous pine savanna species present

Abundant Target Cover Vegetation Present

X Percent areal cover of target vegetation 75% or greater
X No woody vine stratum
X Abundant number of target herbaceous pine savanna species present

The vegetative ground cover variable is a measure of the presence, abundance, appropriateness
and condition of ground cover vegetation within the wetland. A list of target herbaceous pine
savanna species is provided as Attachment B. This list may be expanded in the future as more
information becomes available.
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Appendix C.5: Data Sheet 5.

Adijacen etland Buffer
Score
No Adjacent Upland/Wetland Buffer 0
X Buffer is non-existent (i.e. development)

Adjacent Buffer Averages 30 Feet or Less, Containing Undesirable Plant Community 1
Less than 30 feet average width

Provides some cover, food source, roosting

Not connected to wildlife corridors

Greater than 300 feet but has greater than 75% invasive or nuisance plant
species ‘

bR ool

Adjacent Buffer Averages >30 Feet But <300 Feet, With a Predominantly

Desirable Plant Community 2

X >30 feet average width

X Contains desirable plant community provides cover, food source, &
roosting R

X Portions connected to contiguous offsite wildlife corridors

X Greater than 300 feet but has less than 75% nuisance/undesirable plant
species

Adjacent Buffer Averages >300 Feet, With a Predominantly Desirable

Plant Community 3

X ~ >300 feet wide average width

X Contains predominately desirable plant species that provide cover, food
source, & roosting

X Connected to contiguous offsite wildlife corridors




Appendix C.6: Data Sheet 6.

w

d

I

Hydrologzc Regime Severely Altered

X

X

X

Wetland hydrology severely altered

Hydroperiod inadequate to support wetland plant species for the target
community

Strong evidence that upland plants are encroaching into the historical
wetland area

Significant die-off of target plant species due to an increased or decreased
hydroperiod

In organic soils, there is substantial soil subsidence

Hydrologic Regime Inadequate to Maintain a Viable Wetland System

X

X

X

Site hydroperiod inadequate to maintain the target wetland plant
community

Succession of wetland plant species to transitional/upland plant species.
Target vegetation stressed or dying from too much or too little water.

In organic soils, there is evidencg of soil subsidence

Hydrologic Regime Adequate to Maintain a Viable Wetland System-External
Features May Affect Wetland Hydrology

X

X

X

Wetland hydroperiod adequate, although conditions present which
possibly interfere with or influence the hydroperiod (i.e. canals, ditches,
swales, berms, etc...)

Target community healthy, although there may be some signs of improper
hydrology. -

In organic soils, there is little evidence of soil subsidence

Hydrologic Regime Adequate to Maintain a Viable Wetland System

X

X
X
X

Target vegetation healthy, and exhibit no stress from an improper
hydroperiod

Wetland not adjacent to external feature which could affect the’

hydroperiod
Wetland exhibits a natural hydroperiod
In organic soils, there is no evidence of soil subsidence
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Appendix D.1: Characterigtics Site Statistics for Reference Sites used in study.

Siteld (H:czgraes) Private | Government
1 24.2 v
2 2239 v
3 535 v
Total 0 3
Mean 1005
'\,\’/'l';; 24.2-2239

Appendix D.2: Characterigtic Site Statigtics for Mitigation Sites used in study.

Siteld (HeAcizraes) Age Private | Government

4 4.9 6 v
5 12 6 v
6 0.6 5 v
7 31 2 v
8 26 2 v
9 15 2 v
10 58 7 v
11 29 8 v
12 22 8 v
13 45 8 v
14 241 8 v
15 35 8 v
16 4.2 8 v
17 6.6 2 v
18 11.3 5 v
19 99 5 v

Total 5 11

Mean 6.2 56

Min-max 0.6-24.1 2-8
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Appendix D.3: HGM Function and Composite Scores for Reference and Mitigation Sites

Used in Study.

Siteld Hydro |Plant | Animal |BioGeo| Composte
1 0.89 1 053 0.92 0.845
2 1 1 1 1 1
3 1 1 0.75 0.72 0.87
7 04 1 0.26 04 052
8 0 0.88 0.25 0 0.28
9 0.96 1 0.24 0.98 0.80
18 0 055 031 0 022
19 0 0.29 021 0 013
17 031 05 0.2 027 032
1 0 021 013 0 0.09
12 0 0 0 0 0
13 0 022 0.14 0 0.09
14 0.63 0.82 041 0.81 067
15 0 05 0.2 0 0.18
16 0 05 021 0 0.18
4 0 0.77 0.28 0 0.26
5 0 1 0.24 0 0.31
10 0 06 0.26 0 022
6 09 045 027 05 053

Hydro = Hydrology
Biogeo = Biogeochemical
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Appendix D.4: WRAP data before being normdized for comparative anaysis.

Siteld | WU |0S/SC| GC | Buff |Hydro| WQ |Overall
1 250 | 200 | 300 | 300 | 250 | 206 | 084
2 300 | 300 | 300 [ 300 | 300 | 170 | 093
3 300 | 300 | 300 [ 300 | 200 | 255 | 092
7 100 | 250 | 300 | 150 | 250 | 134 | 066
8 100 | 250 | 200 | 100 | 200 | 125 | 054
9 150 | 200 | 250 | 100 | 200 | 125 | 057
18 150 | 100 | 150 | 200 | 200 | 179 | 054
19 150 | 100 | 150 | 250 | 150 | 261 | 059
17 200 | 250 | 150 | 200 | 200 | 232 | 068
1 200 | 200 | 200 | 250 | 250 | 28 | o077
12 200 | 150 | 100 | 150 | 150 | 28 | 058
13 100 | 100 | 050 | 000 | 050 | 168 | 026
14 200 | 200 | 150 | 100 | 150 | 118 | 051
15 100 | 000 | 000 | 100 | 000 | 165 | 020
16 150 | 200 | 100 | 100 | 100 | 170 | 046

150 | 100 | 250 | 150 | 200 | 18 | 058
5 200 | 300 | 250 | 150 | 200 | 255 | 075
10 150 | 150 | 150 | 150 | 150 | 235 | 055
6 250 | 300 | 200 | 300 | 250 | 300 | 089

WU = Wildlife Utilization

OS/SC = Overstory and Shrub Coverage

GC = Ground Cover
Buff = Buffer

Hydro = Hydrology
WQ = Water Quality
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Appendix D.5: WES Overall Scores for Reference and Mitigation Sites Used in Study.

WES
Siteld Overall
Scores
1 057
2 0.64
3 0.86
7 0.81
8 0.62
9 0.73
18 0.30
19 021
17 05
1 052
12 045
13 052
14 0.61
15 0.34
16 048
4 055
5 0.63
10 0.49
6 0.70
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Appendix D.6: HGM Datafor repegatability.
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T1 = Function Scorefor first visit
T2 = Function Score for second visit

Siteld Hydro Plant Animal Biogeo
T1 T2 T1 T2 T1 T2 T1 T2
1 1 0.89 1 1 0.62 0.53 1 0.92
2 1 1 1 1 1 1 1 1
3 1 1 1 1 0.75 0.75 1 0.72
8 0 0 094 0.88 0.26 025 0 0
18 0 0 0.63 055 0.32 031 0 0
19 0 0 050 0.29 0.27 021 0 0
T1 = Function Scorefor first visit
T2 = Function Score for second visit
Appendix D.7: WRAP Datafor testing repestbility.
Steld wu 0s/sC ce Buff Hydro
T1 T2 T1 T2 T1 T2 T1 T2 T1 T2
1 1 0.83 1 0.67 1 1 1 1 1 0.83
2 1 1 1 1 1 1 0.67 1 1 1
3 1 1 0.83 1 1 1 1 1 1 0.67
7 050 033 1 0.83 1 1 0 050 | 067 0.833
8 050 033 1 0.83 1 0.67 0 033 | 067 067
9 050 050 083 067 | 067 08 | 050 033 | 067 067
18 067 050 | 067 033 | 050 050 067 067 067 067
19 050 050 )] 067 033 ] 033 050 | 067 083 | 033 050
T1 = Function Score for first visit
T2 = Function Score for second visit
Appendix D.8: WES Data for testing repeatability.
Steld Overall
T1 T2
3 0.85 0.86
7 058 0.81
8 0.64 0.62
9 0.72 0.73
18 033 0.30
19 0.25 0.21



Appendix D.9: Summary of Statistical data for repeatability comparisons.

HGM Spearman
Functions RS Ps
Hydro 0.95 0.004
Animd 0.94 0.005
Plant 1.0
Biogeo 0.93 0.007
WRAP Rs b
Functions S
Wildlife
Utilization 0.88 0.004
Overgtory/Shrub 0.63 0.092
Ground Cover 0.83 0.010
Buffer 0.87 0.005
Hydrology 0.63 0.093
WES Rs Ps
Overdl 0.83 0.042

Rs = Spearman Correlation Coefficient
ps= confidence level

Appendix D.10: Summary of gatistical tests in the Comparison of HGM and WRAP and
WES with paired tests.

HGM/WRAP Spearman
Functions Rs Ps
Hydro 0.56 0.013
Animd 0.42 0.072
Plant 0.77 0.000
Overdl 0.64 0.003
HGM/WES Rs 0
Overdl S
HGM/WES 0.80 0.000
WESWRAP
Overall RS P
WESWRAP 0.51 0.027
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Appendix D.11: Characterigtic gatigtics for the comparison data for functions and overal
Scores.

. . Std. .
Method/Function Mean Median Mode Deviation Variance | Range
HGM/Hydro 0.32 0.00 0.00 0.42 0.18 1.0
HGM/Plant 0.65 0.60 1.00 0.32 0.10 1.0
HGM/Animd 0.31 0.25 0.20* 0.23 0.05 1.0
HGM/Overdll 0.54 0.53 0.47 0.22 0.05 0.79
WRAP/Hydro 0.61 0.67 0.67 0.24 0.06 1.00
WRAP/Plant 0.62 0.67 0.50 0.29 0.09 1.00
WRAP/Animd 0.60 0.50 0.50 0.21 0.04 0.67
WRAP/Overal 0.62 0.58 0.58 0.20 0.04 0.73
WES/Overdl 0.55 0.55 0.52 0.16 0.03 0.65

*indicates that more than one mode existed and the lowest is shown



Appendix D.12: Normdity and homogeneity of variance for repeetability satistics.
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N | ommey
Method Typepf Vdue Asymp Sig. (2-tiled) Vananc_lt_a eélt_)evene S
Test 1 Test2

WES-Overdl Normal 0.200* 0.200* 0.564
Transformed 0.200* 0.200* 0.545

WRAP-WU Normal 0.033 0.037 0.670
Transformed 0.030 0.067 0.545

WRAP-OS Normal 0.029 0.200* 0.157
Transformed 0.032 0.200* 0.121

WRAP-GC Normal 0.001 0.036 0.424
Transformed 0.002 0.042 0.407

WRAP-Buffer Normal 0.200* 0.200* 0.600
Transformed 0.111 0.200* 0.337

WRAP-Hydro Normal 0.120 0.066 0.218
Transformed 0.104 0.092 0.269

WRAP-Overdl Normal 0.046 0.176 0.904
Transformed 0.062 0.189 0.961

HGM-Hydro Normal 0.056 0.057 0.290
Transformed 0.056 0.056 0.290

HGM-Pant Normal 0.037 0.128 0.395
Transformed 0.029 0.088 0.330

HGM-Anml Normal 0.200* 0.200* 0.984
Transformed 0.200* 0.200* 0.981

HGM-Biogeo Normal 0.056 0.063 0.138
Transformed 0.056 0.060 0.144

HGM-Overd| Normal 0.133 0.200* 0.882
Transformed 0.117 0.171 0.915

* Thisisthe lower bound of true Sgnificance.




Appendix D.13: Normality for comparison statitics.

Normality

Method Typeof Vdue Ag;mﬁ ;?22
tailed)
WES-Ovedl Normal 0.200*
Transformed 0.200*
WRAP-WU (Animd) Normal 0.040
Transformed 0.077
WRAP-GC (Plant) Normal 0.200*
Transformed 0.197
WRAP-Hydro Normal 0.007
Transformed 0.002
WRAP-Overdl Normal 0.200*
Transformed 0.200*
HGM-Hydro Normal 0.000
Transformed 0.000
HGM-Pant Normal 0.113
Transformed 0.200*
HGM-Animd Normal 0.000
Transformed 0.001
HGM-Ovedl Normal 0.200*
Transformed 0.200*

* Thisisthe lower bound of true Sgnificance.

Appendix D.14: Homogeneity of variance for comparison gatitics.

Homogeneity of Variance

Category Type of Test (Levene's Test)*
Hydrology** Normal 0.001
Transformed 0.000
Plant** Normal 0.437
Transformed 0.565
Animd** Normal 0.665
Transformed 0.950
Overdl*** Normal 0.514
Transformed 0.559

* Significances are based on Levene stest to compare means
** Hydrology, Plant, and Animal are based on comparisons between WRAP and HGM.
***Qverdl is based on comparisons between WRAP, HGM, and WES.

87



	A Comparison of Three Rapid Evaluation Procedures for Pine Savanna Wetlands
	Recommended Citation

	/var/tmp/StampPDF/6N643n3Sq6/tmp.1625165283.pdf.O20qT

