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. ABSTRACT

Biological indicators have.proven effective in environmental”
assessment; an example is the use of invertebratesrin the deter-
mination of water quality. Vegetation is widely recognized as
one of three key site characteristics (including soils and hy-
drology) that may be used in the designation of wetlands. ‘Since
vegetatlon is often the most acce351b1e of these characterlstlcs,
its use in wetland designation should be encouraged in appropri-
ate situations. There is, however, no consensus regarding meth-
ods which will yield the most efficient, objective and consistent
wetland designations from vegetation data, |

Qur research has focused on information regarding the wete
land 1nd1cator status of plants prov1ded in the National Wetland
Plant Species Llst (NWPSL), which classlfles all vascular plants

of the Unlted States accordlng to the1r natural frequency of

‘occurrence in wetlands. Ecologlcal groups recognlzed in the

NWPSL are: obligate wetland facultative wetland, facultative,
facultatzve upland and (by exclu51on from the list) obligate

upland. Ecologlcal 1ndlces wvere asszgned to these groups and

-used to compute welghted averages (WA) for quantltatlve data

(such as plant cover) obtained from four studies of wetland
vegetatlon conducted in various reglons of the United States.
These 1ncluded Currler s (1981) study of floodplaln vegetation of
the Platte_and Noxrth Platte Rivers, Nebraska; Kologiski's (1977)
study of the Green Swamp in southeastern.North Caroclina; Lee's
(1383) study of floodplain vegetation ofAthe‘Flathead River,

Montana, and the Suiattle River, Washington; and Mohler's {1979)




study of floodélain vegetation of the lower Neches Rivgr (Big

Thicket), southeast Texas. | |
Weighted averages of vegetation data proved to be an efféc-

tive tool forrasseSSing wetland statusiof the-vegetation'types

included in our study. We base this conclusion on two findings:

(1) WA effectively ranked vegetation types or stands in a way

. that was well correlated with independently-derived,rankings for

the same types or stands ielétive to environmental:mqiSture
gradients (based on personal experience, multivariate analysis of
végetation data and environmental parameters); and (2) the re-
sults of WA could be used, together with a provisional."breék-
point," to'designate vegetafion types as wetiands.or uplands in a
way that agreed_ﬁell with designations baéaﬁ on other criteria.
Variation of weighted averages among the sample units repre-
seénting a'Végetation-type was génerally small relative to the
range of-ecoiogical indices assignéd; our studies of wifhin-type
variation led_to guidelinesrrégarding the reliability of wetland
designations. We also exploréd various ways of transforming the
vegetation déta (such as‘increasing thé weighﬁing of'obligate
wetland_and-obligﬁte upland specie;), but found that ﬁhese had
little»beneficial'efféct on the quality of wetland designations,
Another approach,-in.which unweighted averages of ecélogical
indices (INAV) were calculated for all ﬁegetation data; provided
wetland designations that were in close agreement with those of
WA, Unweighteqd averagés may be preferable to WA for routine
wetland designations, because they perform well and eliminate the

need to collect guantitative data.
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PREFACE

In August, 1985, Dr. Russell Kologiski came to North
Carolina State University to work on a methodoiogy for the
designation of wetlands using fegetation data. His experience
with the National Wetlands Inventory and his work in compiling

the National Wetland Plant Species List (NWPSL) had convinced him

' that the development of such a methodoldgy was both timely and

feasible. His committment to this project was based on two
premises: 1) there was a growing need in the United States for
an efficient; objective and consistent means of designating
wetlands based on vegetation data; and 2) the NWPSL, then nearing
completion, provided the necessary information about wetland
plants for development of a methodology. |

The work started at NCSU by Dr, Kologiski was funded by a
work order from the U.S. Fish and Wildlife Serv1ce to Drs. Seneca
and Wentworth both of the Department of Botany, who agreed to
act as consultants. When Dr., Kologiski withdrew from the. .
project, work was continued primarily by Dr. Wentworth and the
project‘s technicel assietant, Dr..George'Johnson. The‘present

report is a summary of the research conducted by Drs. Wentworth

and Johnson through June, 1986. They take credit for the

‘accomplishments of the project and responsibility for any. errors

or inaccufacies'that may exist,

The work'presented in this report could not have been
accomplished without the assistance of many-individuals. We are
particdlarly indebted to R.L. Kologiski, J.H. Montanari, E.D.

Seneca and W. Wilen for their frequent contributions. Four




individuals, J.P. Currier, R.L. Kologiski, L.C. Lee and C.L.
Mohler, graciously provided origirial data and guidance. The
ot success of the project was dependent on the contributions of

these individuals, A2t various times we benefited ffom-

consultation with or assistance from many other individuals. We
ﬁ " thank the following for ﬁheir contributions: G. Auble, F.

‘Booker, S.W. Broome, J. Bruton, K.P. Burnham, L.M. Cowardin, T.

Dahl, J. Hefner, M.T. Huish, L.S. Ischinger, L. Jernigan, J.B.

Kimberly, J.H.H. Looney, R. Nyc, D.L. Oakley, B. Parker, R.K.

Peet, R. Pywell, A.E. Radford, P.B. Reed, D. Sanders, W.S.

1

[j ' Sipple; B.M. Teels and C. Thomas.

Ty
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INTRODUCTION

Statement 35 Problem

Vegetation is widely recognized as one of three key site

.characteristics (including soils and hydrology) that can be used

in the designation of wetlands. Since vegetation is often the
most accessible df these characteristics, its use in wetland
designation should be encouraged in appropriate situations,
However, there is presently no éonsensus regarding methods ﬁhich
will yield the most efficient, objective and consistent wetland
designations from vegetation data.

A recent development that may enhance the.ﬁsefulness of

vegetation data in wetland designation is the National Wetland

Plant Species List (NWPSL), prepared by the Fish and Wildlife

Service (Reed, 1986). ' The NWPSL classifies all vascular plant

species found in the United States and Puerts Rico according to

- frequency of occurrence in wetlands, thus providing a tool for

defining wetlands based on floristic or vegetation data. The

problem addressed by our research was how to integrate such data

‘with the NWPSL in such a way that a determination of wetland
sfatus might be obtained. We also addressed the equally

important problem of how to recognize.when the wetland

designation of a site by means of vegetation data might be

considered unreliable, to the extent that further data (regarding

 soils and hydrology) wouid'be necessary for ‘a reliable

~designation,

This report summarizes work completed-in the investigation

of the problems presented above. We outline the rationale for
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selection of methods, discuss the methods selected for study,
describe our approach and methods, present results and discuss
our findings. We conclude with a consideration of future

directions for our research.

Justification

Designa#ion or recognition of areas characterized as.
"wetlands" is an important activity that has received increasing
attention from the various Federal agencies responsible for
regulation and management of such areas.. These agencieo include
the Army Corps of Engineers, the Enviroomental'Protection Agency,
the Soil Conservation Service, and the Fish and Wildlife Service.
Each of these agencies has made progress toward the development
of objéctive criteria that can be consistently applied to the

problem of desigpatioo‘of North American wetlands. At the

- present time, however, there is no single methodology used for

designating-wetlands.throughout the United States. Although such
a methedology may be impossible to achieve in practice, any
progress toward this end will help to alleviate confusion and
disagroements (often resulting in lengthy and expensive
litigation), when wetland designation:is mandated by Feﬂefal
regulations.

Any means of determining wheiher or not a particoiar site is
a wetland should combine both simplicitf and accuracy. Although

the Federal regulatory definition of wetlands recognizes three

- parameters (vegetation, soils, and hydrology), it may be possible

in some cases to designate wetlands using vegetation alone

(Sipple, 1985). We emphasized vegetation in our research because




it is likely to be the most accessible of these features to the
field worker. We perceive a clear need for a means of wetland

designation that: 1) relies first on vegetation criteria; 2) has

graduated reguirements for increasingly quantitative (and

consequently more costly) data and methods as the problems in a
particular area become incre&singly demanding_and complex; and 3)
provides for recognition of situations where use of végetation
for wetland'designation is'impossible or inappropriate and where

other data (i.e., soils and/or hydrology) will be needed.

Current Status of Hetland Designation by U.S. Federal Agencies

The research presented in this report complements work
conducted by, or on behalf of, four federal agencies; each of

these has developed a methodology for classification of wetlands

or has contributed information essential to that task.

U.S, Army Corps of Engineers (CE). The mosp-détailed

approach to delineation of wetlands is that taken by the U.S.

Army Corps of Engineers. In the Clean Water Act of 1977, the
U.S. Congresshauthoiized the Secretary of the Army, acting
through the Chief of_Engineers, to reguiate.the discharge of
dredged or £ill material into thé waters of the United States
(Sanders et al., 1985). Because "waters of the United States" is

a broad term including wetlands, regulatory personnel of CE have

" needed guidelines for recognizing whether a particular site is or

is not a wetland. These guidelines are embodied in the.“Wetlands
Delineation Manual" (Sanders et al., 1985j, which takes a
multiparameter approach to the designatiqn of wetlands. This

approach requires that positive wetland indicators for hydrology,




soil and vegetation be present for designation of a particdlar
site as a wetland, and provides detailed instructions for
determining these. Positive indicators of wetland vegetation
include: (1) dominantsspecies included on wetland plant species
lists; (2) moﬁpholbgical adaptations such as buttressed tree
trunks, pneumataphores, adventitious roots, shallow root systems,
inflated stems} leaves or roots, polymorphic leaves, floating
leaves and flaating stems;r(a) speciesrwith physiological
adaptations for occurrence in aaaerobic soil cdnditions; (4)
visual observation of plant species growing in areas of prolonged
inundation and/or soil saturation; (5) reproductive adaptations,
such as prolonged seed viability, seed germination ﬁnder low

oxygen conditions, and flood—iolerant seedlings; and (6)

technical literature, such as taxonomic references, botanical

journals, technical reports, workshops, conferences, and
symposia, and wetland plant data bases.

U.S. Environmental Brotection'Agency (EPA). EPA is also

charged with regulating activities which affect wetlands, ahd has
provided its field personnel with guidelineg for wetland
identification_and delineation (Sippie, lagsy, The EPA
guidelines_recognize the importance of hydrology,_séil and
vegetation in the designation of wetlands. However, EPA departs
from CE procedures in using vegetation.as.the prima;y criterion,
and in recognizing two situations in which wetland designation
can be based upon vegetation only: (1) one or more obligate

wetland species occur as community dominants (i.e., having >10%

'areal cover, or >10% basal area) in the absence of dominants that

are obligate upland spécies; or (2) one or more obligate wetland

10




species bécur'as community dominants.witﬁ'other dominants that
are obligate upland species, but either (a) the obligate ﬁpland
species are restricted to areas having highér microrelief or (b)
the obligate upland species are mixed with the obligate wetland

species but have less than 50% of the total cover contributed by

" dominant 6biigate speéies {both wetland and upland). The EP2A

guidelines also recognize situations in which additional data on
soils and hydrology will be required for desighation (Sipple,
1985). |

| U.S.,Soil Conservation Sgrvice (SCS) Many probleﬁs in
wetland designation ultimately require consideration of so0il
characteristicé for their resoiution._ The Soil Conservation
Serﬁice has recently published a list of hydric soils of the
United States fSCS,'1985) to be.used as an aid ;n éuch
situations. Acéording to sCs (19855, "A hydric soil is a.soil
that iniits undrained ¢ond£tion is saturated, flooded,Qor ponded
long enough during the growing season to develop anae;obic
conditions that favor the growth and regeneration of hydrophytic
vegetation." By identifying.the soil(s) on a site to.series, an
investigator can determine whether or not the s0il(s) is{are)
hydric in nature. 1In the cE-de1ineation method (Sanders et al.,

1985) determination of a hydric soil condition is always a

prerequisite for designating a site as a wetland. The EPA

guidelines for wetland identification and delineation (Sipple,
1985) also require that information on soils be used as a

supplement t¢ vegetation data in certain situations.

U.S. Fish and Wildlife Service (FWS). FWS has had a long-

11




standing interest in wetland classification and delineation. An
early classification was published as U.S. Fish and Wildlife

Circular 39 (Shaw and Fredine, 1956), and this was recently

superceded by Classification of Wetlands and Deepwater Habitats

‘of the United States'(cOwatdin et al., 1979). The ongoing

National Wetlands Inv=ntory; conducted by FWS, (Montanari and

Townsend, 1977) "will provide basic data.on the characteristics

and extent of the Nation's wetlands and deepwater habitats and

should facilitate the'management 0f these areas on a sound, -

multiple~use basis" (Cowardin et al., 1979). FWS has also been.

responsible for preparing the National Wetland Plant Species
List, presently available in a separate listing for each of the

50 states {Reed, 1986).

In conjunction with its compilation of the NWPSL, FWS has

Tsupported'fesearch on the use of vegetation data in. the

deéignation of wetlands., Michener (1983) developed a wetland
site index tone used with vegetation data, selecting an average
of wetland category values (obligate wetland species = 1.00,
facﬁltative wetlang sbéciés = 0.82, etc.i weighted by s?ecies
abundancef

Recent,legislativeidevelopments have placed additional
emphasis on FWS efforts to'aevelop methods for rééognizing

wetlands based on vegetation data. 1In particular, the 1985 Farm

Bill contained a provision, referred to as “swampbuster", which

denies the benefits of Federal Farm programs (price supports,

loans, etc.) to "any person who in any crop year produces an

agricultural commodity on converted wetland" (H.R. 2100-154,

1985)., The definition of wetland used in this legislation is as

12
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follows (H.R. 2100-152, 1985):

The term "wetland™, except when such term is part of
the term "“converted wetland", means land that has a
predominance of hydric scils and that is inundated or
saturated by surface or groundwater at a frequency and
duration sufficient to support, and that under normal
circumstances does support, a prevalence of hydrophytic
vegetation typically adapted for 11fe in saturated soil
condltlons.

Our research has been supported by FWS to help that agency in its

efforts to address the problem of identifying hydrophytic

vegetation, as required for implementation of the "swampbuster"

provision and for other FWS activities.

Objectives

‘The research described herein was designed to explore the

potential for using vegetation in wetland designatioh,'with

emphasis on information available in the NWPSL. Specific

'~ .objectives were:

(1) to examine existing methods which offer some potential
for using vegetation in the designation of wetlands;
these included:

(a) determining the presence of wetland indicators in
species lists for sites to be designated; and

(b) averaging of quantitative data for spécies
present, weighted by wetland indicator values of
those spec1es.

(2) to test the suitability of the above-mentioned methods,
using vegetation data from studies in which
relationships of vegetatlon to environmental moisture
gradients were known and in which wetland designations

existed;

{3} to determine the likellhood of correct or incorrect
designation of wetland status by the above- mentloned
- methods; and

(4)  to consider the effects of disturbance and
heterogeneous environments on the performance of the
above-mentioned methods,

13
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Rationale for Selection and Evaluation of Methods

Effective wetland designation procedures must employ methods

~which are efficient, objective and consistent. In seiecting

methods for preliminary tests, we looked for the following

attributes:

(1) method(s) should use the information contalned in the
NWPSL;

(2) method(s) should be reasonably simple and straightfor-
"ward, both to make them comprehensible to users and to
minimize reliance on sophlstlcated software or hardware
for computationy

{3) method(s) should be quantitative, providing a numerical

index which can be referred to established criteria for
- determination of wetland status;

(4) method(s) should be flexible 'enough to accommodate .
various types of data and to permit changes
necessitated by modification of the NWPSL or other
wetland designation criteria;

(5) method(s) should perform well throughout the geographlc
range of their application;

(6) method(s) should be as objective and consistent as
possible, providing the same results regardless of user
experience or bias; and

(7) method(s) should provide a means of evaluating the
reliability of any wetland designation, preferably as a
statement regarding probability of error.

These criteria appear best met by methods referred to in
this report as "index averages" and "weighted averages”,
discussed in the following section. We were aware of
considerable work using these methods in ecological studies as

well as preliminary tests of weighted averages by Michener (1983)

for wetland designation.

14
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- Wéighted Averages and Index Averages

Whittaker (1978) summarized the'develoément and use of
weighted averages as a method in plant ecology. The method is
used_to generate a difeét gradient analysis, which is essentially
an ocrdering of community sample-units (stands, plots} etc.} "in
terms of one or more environmental gradients éccepted as given"
(Whittakexr, 1978). Applicatibn of the method in plant ecology
dates back to work of Ellenberg (1948), Whittaker.(lQSl), Curtis

and McIntosh (1951), and others (e.g., Dyksterhuis, 1948} who

.independently began using the method in the late 1940's and early -

- 1950's.

Calculation of weighted averages begins with the

classification of all species encountered in a given study into

'"ecological groups" (Whittaker, 1978). These ecological groups .

combine species that have similar responses to the particular
environmental gradient chosen for study. The basis for
classification of the species may be extensive field observations

or ecological sampling along transects representing the

_ environmentalngradient. Each species in a given ecological group

is then assigned the same value of an "ecological index", with
the ecological indices chosen so that they rank or order the

ecological groups according to their relative positions on the

environmental gradient. In the case of the NWPSL, the various

categories (obligate,riacuitativemwetland,~etefywdefinemmm~'

ecoclogical groups which have an obvious ranking‘on an
environmental gradient from wetlands to uplands.
Actual calculation of weighted averages involves taking the

sum of products of ecological indices and importance values for

15
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all species in a given stand or plot, and dividing this by the

sum of all importance values, The algorithm is presented below:

39
ijE§
j=p 1T
wj S em————— NB: "g" refers to
p summation from
i?l

weighted average for stand j

importance value for species i in stand jJ
ecclogical index for species i

the number of species occurring in the stand

where:'.Wj

=
Pte gute
M nn

The “iﬁportance values" used in the calculation of @ weighted
average may represent any quantitative measure of.abuﬁdaﬁce, such
as cover, frequency, density, basal area, etc. 1In the limiting
case where only presence-absence date are available, weighting by
imporreﬁce values is no lohéer poseible, and uﬁweighted averages
of the ecological indices of all species present in a stand may
be used. We have used the term "index averages" in this report-

to refer to the. unwelghted averages of ecologlcal indices., 1In

any case, the range of possible weighted or unweighted averages'
that may be obtained is the same as the range of values used in

the assignment of ecological indices to the respective

categories,

Use of Weighted or Index Averages in Other aApplied Contexts

Weighted averages have proven to be a useful tool in direct
gradient analysis of vegetation data for basic research. Their

utility in applied situations is also evident. As an example, we

16 I
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consider the need for biotic indices of agquatic pollution. One

parameter of water quality is the biological oxygen demand, or

'BOD. BOD can be determined by 1aboratory_incubation,'but such

determination requires appropriate facilities and lengthy
incubation of samples. As discussed below, biological assessmént
of BOD provides an attractive altérnative to chemical analysis.
It has long been recognized that aguatic orgaﬁisms differ in
their environmental requirements relative to BOD, and that the
presencé and abundance of various organisms can proﬁide an

indication of the BOD in a particular body of water. Sladecek

(1979) has reviewed continental systems for biological assessment.
of water quality. Of particular interest is his discussion of

the saprobic index, developed initially by Pantle and Buck in

1955, This index is simply a weighted average of ecological
indiées (called saprobic indides in’ this applicationf'which fangé
from'O'(xenosgprobity) to 8'(ultrasap£obitY) on a 9-point scale.
In calculating the saprobic index, a sample of water or sediment
is collected and the organisms present are identified to species

and assigned an abundance rating according to a scale of

estimation. Consultation of available lists (e.g., Sladecek,

1973, 1976)-allows for determination of the saprobic inaices of
the species, Severa1 studiés (e.g., Sladecek and Tucek, 1975)
have validated the relationship between the saprobic index and
labbratdry values for BOD. The utility of the method has
resulted in its adoption as the most commonly uéed procedure for

biological indication of BOD in Central and Eastern Europe

(Sladecek, 1979). A related approach, which uses unweighted

averages of saprobic indices, is discussed by Dresscher and van

17




der-Mark (1976). We anticipate that biological indicators of

wetland status will find equal utility and acceptance in the

United States.
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METHODS

Selection of Data Sets

We determined that preliminary evaluation of potential

methodologies for designating wetlands would require 4 data sets,

available either as published reports or dissertations. Criteria

for selection of these data sets were developed and included:

(1)

(2)

(3y

(4)

{(5)

(6)

representation of a variety of geographic regions

~within the United States;

availability of quantitative measures of vegetation and
characterization of the environments studied;

classification of vegetation into types or other units;

'multiple sample units representing each vegetation

type;

sampling of vegetation from a wide range of
environmental moisture conditions, preferably on a

‘gradient spanning sites clearly supporting wetland

vegetation to sites clearly supporting upland

- vegetation; and

some indication of the relationship of each vegetation
type to the prevailing environmental moisture gradient,
either through wetland designation for each type or a

tanking of types relative to the moisture gradient.

Data sets satisfying the above criteria were located. These

were all ph.D. dissertations, and included Currier's (1981) study

of floodplain vegetation of the Platte and North Platte Rivers,

Nebraska, Kologiski's (1977) study of the Green Swamp in

southeastern North Carolina, Mohler's {1979) study of floodplain

vegetation of the lower Neches River (Big Thicket), southeast

Texas, and Lee's (1983) study of floodplain vegetation of the

Flathead River, Montana, and the Suiattle River, Washington.
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- Capsule Descriptions of the Data Sets

Platte and North Platte Rivers. 1In a study of the

floodplain vegetation of the Platte and North Platte Rivers,'

Nebraska, Currier (1981) récognized 4 broad vegetation classes
(mudflat, meadow, shrub, forest) based on canopy height, Within

these'classes,'he designated 22 plant community (vegetation)

types using two-way indicator species analysis (Hill et al.,

1975)., - Original data consist of percentage cover (in 7 cover
classes) for all vascular plant species within 571 5-m x 20-m

plots. These plots were located on transects placed along 200

‘miles (combined distance) of the rivers.

Green Swamp. The Green Swamp is a large "pocosin" area

located in the southeastern coastal plain of North Carolina. The

area is characterized by organic soils, long hydroperiods,

frequent fires, and a dense, semi-evergreen, shrubby vegetation. .

In his study of a 12,000 ha tract in Brunswick County, Kologiski
(1877) recognized 9 plant community (vegetation) types. Original

data consist of percentage cover (in 6 cover classes) for all

vascular plant SPecies,'stratified by height, within 221 stands.

Cover data in these stands were recorded for all plants along

either transect releves or within 3x3, 5x5, or 10x10-m plots.

Use of either the transect or plot methods depended on the ease

of working in .the vegetation, and plot sizes were selected based

on vegetation stature.

Big Thicket. In his study of the effects of environmental

factors on the floodplain vegetation of the lower  Neches River,

'southeast Texas, Mohler (1979) recognized 5 major plant community

(vegetation) types. We selected & portion of the'original

20




database. Foi each stand theée data consist of a synthetic.
importance value (the mean of relative density and_relativé basal
area) for each tree and vine species. Data were gathered within
circular 10-m radius plots, and there was one plot representing

each of the 132 stands.

Flathéad and Suiattle Rivers; Lee (1983) studied the
effects of.environment on plant community distributions in the
floodplains of the North Fork of the Flathead River in Flatheagd
County, Moptana, and the Suiattle River in Skagit and Snohomish
Counties, Washington. Transects were placed along 48 km of ther
Flathead,-and 35 km of the Suiattle, within areas that are

currently subjected to or have been subjected to flooding within

‘post Pleistocene times. The vegétation at several locations

along each transect was sampled within stands (each consisting of
a 375 m%lcircular plot subsampled with a variable number of 20 x
50-cm microplots). Vegetation was stratified into 5 gfowth-form

clasées for each stand (trees, saplings, shrubs and subshrubs,

- perennial graminoids, forbs-ferns-fern allies). We selected the

mean species importance values across all. stands representing a
+

" given vegetation type for our analyses. The data collected

varied according to growth-form: fregquency, density ang
dominance'(basai.areé) for trees and saplings, based on poiqt—
quarter samples; constancy and dominance (canopf coverage) for
shrubs and subshrﬁbs, based on microplots; and constancy, density
and dominance (canopy coverage) for perennial gramindidS-and
forbs-ferns-fern allies, based on microplots. Relative

importance values were calculated for species within each growth-
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form in a stand. Lee recognized 17 community types (209 stands)

in the Flathead area and 13 community types (131 stands) in the .

Suiattle area.

Calculation of Weighted Averages and Index Averages

s

Although the principel focus of our testsrwas on weighted
averaging and index'averaging (see INTRODUCTIOﬁAand Tables 1 and
2), we aiso iﬁvestigated severel Variants of these two baeic
methods. Each of the methods used is described below, with a
brief explanation of the logic used in the selection of variant
methods:

(1) welghted averaging (WA) - this is the-basic weighted

averaging algorithm as illustrated in Table 1. No

transformation of the-original data was employed.

(2) weighted averaging (2X) - this is the basic weighted

averaging algorithm, but applied to transformed data.

The transformation involved doubling .the quantitative
values for those species classified as either obligate
wetland species or obligate upland species. Data for
facultative wetland, facultative and facultative upland
species were left untransformed. The purpose of this
transformation was to slightly increase the weight
given to obligate species in the determination of
weighted averages. Such a transformation might be
desirable if the obligates were believed to be somewhat
better indicators of environmental conditions than
facultatlves. : -

{3) weighted averaging {(10X) - this is the basic weighted
- averaging algorithm, but applied to transformed data.
The transformation involved multlply1ng by 10 the
guantitative values for those species classified as
either obligate wetland species or obligate upland
species. Data for facultative wetland, facultative and
facultative upland species were left untransformed.
The purpose of this transformation was to greatly
increase the weight given to obligate species in the
determination of weighted averages, Such a
transformation might be desirable if the obligates were
believed to be much better indicators of environmental
conditions than the facultatives.

{4) index.averaging (INAV) - this is the basic index
averaging algorithm as illustrated in Table 2.
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(5) weighted averaging (WVMW) - this is the basic weighted
- ‘averaging algorithm, but used with a set of ecclogical
index values that reflect the midpoints of the
percentage frequency classes used in assigning species
to categories in the National Wetland Plant Species
kist. Table 3 compares the simple 1-5 ecological index
scale used in methods (1) through (4) above with the
midpoint values used in this approach. The approach of
using midpoints of frequency ranges for species
categories was investigated because ecological indices
based on such midpoints would presumably be more
indicative of the ecological behavior of species than
would the simpler 1-5 scale used in the other methods.

(6) index averaging (WVMX) - this is the basic index
averaging algorithm, but used with the freqguency
midpoint ecological indices described for methed (5)

above. .
All computations of weighted and index averages were
performed using FORTRAN programs written by Thomas R. Wentworth

for these purposes.

© Statistical Analyses

) -In three of the four studieé'uéed in our tests, we had
access to data from multiple sample uhits représenting'gach
vegetation type., It was thus possible to calculate weighted or
index averages for-each sample unit -0f a given type and to

estimate within-type variation, Since a mean weighted or index

'-average could be calculated for each vegetation type, we could

ask the following questions with respect to within- and between

type variation:

(1)  How much variation is encountered among weighted or

index averages calculated for multiple sample units
representing a given vegetation type? We answered this
question by calculating a variety of descriptive

statistics for each type, including the mean, standard.

deviation, range, and 95% confidence interval.

{(2) Do the vegetation types recognized in a particular
study differ significantly from one another in their .

weighted or index average scores? We answexed this
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(4)

(5)

(6)

guestion in a broad sense by performing a one-way
analysis of variance (ANOVA) on the scores, :

Do any two vegetation types recognized in a partlcular
study differ significantly from one another in their
weighted or index average scores? We answered this
guestion by performing a Duncan's Multlple Range Test -
on the scores.

On average, what is the minimum separation required, in
terms of distance between mean weighted or index
average scores, for two vegetation types to be
recognized as significantly different? We answered
this question by determining distances between each
vegetation type and its nearest significantly different
neighbor(s), when types were arranged according to
decreasing mean weighted average scores. The distances
for all unigue nearest-neighbor pairs were then
averaged to arrive at an index of minimum separation.

How does the ranking of vegetation types by their
weighted or index average scores compare with their
ranking relative to an environmental moisture gradient
or other relevant environmental parameter? We answered
this guestion by calculating a Spearman's rank
correlation coefficient between the weighted or index
average scores and the relevant environmental parameter

or ranking,

Given that a weighted or index average score of 3.0 (or
50.0 for the frequency midpeint index, Table 3) serves
as a logical "cutoff point" between wetlands (lower
scores) and uplands (higher scores), does
wetland/upland designation using this criterion agree
well with a designation based upon other criteria? We
answered this guestion by searching for independent
designations of wetland/upland status for the
vegetation types studied. In the case of the Lee
(1983) studies, this process was facilitated by his
designation of the Cowardin et al. (1979) wetland
types. For two of the other studiés (those of Currier
{1981) and Kologiski (1977)) we used the "prevalence of
hydrophytic vegetation® definition of wetlands {H.R.
2100-152, 1985) as a guide, computing the percentage of
either total species or total cover contributed by~
hydrophytes. Hydrophytes were defined in two ways.,
The first, a broad definition, recognized as
hydrophytes all species belonging to the obligate
wetland, facultative wetland, facultative and
facultative upland groupings. The second, a narrower
definition, recognized as hydrophytes only those
species belonging to the obligate wetland and
facultative wetland categories. In both cases; a
wetland was defined as a vegetation type with either
>50% of total species or >50% of total cover
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contributed by hydrophytes. We also found useful a
wetland indicator (WI) percentage calculated by

~averaging the percentage of total species and the

percentage of total cover contributed by hydrophytes.

How does the ranking of vegetation types by 'their
weighted or index average scores compare with their
ranking relative to (a) percentage of total species
contributed by hydrophytes, (b) percentage of total
cover contributed by hydrophytes, and (c) wetland
indicator score (see item (6) above). As in item (35)

above, we answered this guestion by calculating a

Spearman's rank correlation coefficient between the
weighted or index average scores and the relevant
parameter.:

What effect, if any, does elimination of drawdown
species (designated in the NWPSL) have upon the
weighted average means for the annual and perennial
mudflat vegetation types of the Platte and North Platte
Rivers (Currier, 1981)? This gquestion was raised
because of concern that the abundance of drawdown
species in certain environments (e.g., mudflats) might
result in weighted or index averages biased toward the
facultative nature of drawdown species. We answered
this question by recalculating the means for these
types after elimination of all drawdown species from

| . the data set.

All statistical analyses were éérformed using procedures of
the Statistical Analysis Systém {SaS Insti;ute, 1982).
ol ‘ Computations of percentage species or percentage cover

T contributed?by hydrophytes and of the wetland indicator score

F were performed using FORTRAN programs written by Thomas R,

Wentworth for this purpose.
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RESULTS

Platte and North Platte Rivers

Results of analyses on Curiief's k1981) data for floodplain
vegetation on the Platte and North Platte Rivers are presented in
Tables 4-14 .and figs._l~6. Table 4 provides meané and
descriptive statistics of weighted aﬁerages (Wa, or basic

algorithm) for each of the 22 vegetation types, ranked in order

of descending mean weighted averages. ANOVA indicated that there

were significant differences among these means at the p<.0001

-level., A clearer pictute of differences among weighted average

means of the vegetation types may be seen ‘in results of the
Duncan's Multiple Range Test (Table 4). This test indicated that-

although weighted average means for vegetation types were

. generally not significéntly different from those of types ranked

'adjacentwto them, types separated by at least 0.46 weighted

average units (on the scale of 1-5) were, on average,
significantly different from one another (Table 14).
The. degree of variation within different types is

illustrated in Fig. 1, whiqh shows 95% confidence intervals for

‘the weighted average means. If lack of overlap of the 95%

confidence intervals of two vegetation types is taken as a rough
criterion of a statistically significant difference, then it can
be seen from this figure.that a difference on the order'of 0.4-
0.5 units is generally required for significance. _This agrees
well with the value of 0.46 determined from analysis of the
Duncan's Multiple Range Test results (Table 14). If 3.0 (on the

scale of 1-5) is taken as the provisional “"break-point™ between

26




BRI

wetlands and uplands, 5 vegetation types had weighted average
means with confidence intervals which crossed this.boundary
(Tables 4, 14, Fig. 1)

An independent rénking of the Platte River vegetation types
from extreme upland to extreme wetland was developed by R.L.
Rologiski (personal communication), based on his familiarity-with
the stddy area and wetland designations used in.cbmmoh_practice.

This ranking, also shown in Table 4, was'compa:ed to the ranking

based on weighted average means with a Spearman rank correlation

coefficient, yielding an rg=,92 (p<.0001) (Table 14).
Wéighted-averages were recalculated for the Platté River

data, with all cover scores for obligate wetland and obligate

uplaﬁd species doubled'prior to calculation (2X variation of

weighted_averaging). Results of this analysis are presehted in

- Table 5 and Fig. 2. -ANOVA for the 2X analysis_indicéfed

significant differences émong means at_p{.oobl; and the SPearmaﬁ
Coefficiénﬁ comparing rankings from this.analysis wiﬁh those
provided by Kologiski was also high and statistically signifiéant
(rs=:§3,.p<.0001} (Tabie'14). Analysishof the results o£
Duncan's Test (Table 5) indicated that a difference of 0~47 units
was required, on éverage, for significant differences of means
between adjacent vegetation types (Table 14).  Use of the 2X
Vvariation resulted in 3 végetation types with 95% confidence_
intervals overlapping the provisional 3.0 wetland/upland "breakQ
point" (Tables 5, 14, Fig. 2).

Weighted averages were also éomputed for the Platﬁe River
data with cover scores fof obligate and upland species increased

ten times prior to calculation (10X variation). Results for this
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. Procedure are presented in Table 6 and Flg. 3. ANOVA for the 10X

varlatlon indicated significant differences among means at
P<.0001, and the Spearman Coefficient for the Kologiski rankrng

versus the numerical ranking was rg=.95 (p<.0001) (Table 14).

Analysis of the results of Duncan's Multiple Range Test indicated

that weighted average means for adjacent vegetatlon types had to

be more than 0.58 units apart, on average, before the means were
recognized as significantly different. Fig. 3 provides a visual
repreSentation of 95% confzdence intervals for this analysis, and
1llustrates 7 overlaps of confidence 1ntervals with the

provisional wetland/upland "break-p01nt" of 3.0 (Tables 6, 14).

Results of indeyx average calculations (INAV) for the Platte

River data are presented in Table 7 and Fig. 4, Aas w1th_the

precedlng methods, ANOVA 1nd1¢ated 51gn1f1cant differencés among'

means at p<.0001. The Spearman coefficient comparlng ranklngs
frOm this method against those provided by Kologiski was rg= =.96
(pP<.0001) (Table 14). Analys1s of results of Duncan's Multiple

Range Test 1nd1cated that a dlfference of at least 0.34 unlts, on

average, was needed for 51gn1f1cant dlfferences between means of
adjacently ranked vegetation types. As with the 10X analysis,
there were 7 overlaps of 953 confidence intervals with the
provisional.wetland/upland "break-point" of 3.0 (Tables 7, 14,
Fig. 4)._ _

Weighted averages for the Platte River data were also
coméutéd utilizing the basic algorithm and an alternative set of
index values based on frequency m1d901nts {Table 3). The results

of this analy51s (abbrev1ated WVMW) are presented in Table § and
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Fig. 5. Because of the different scale used for the ecolégicall
indices, the reéuits differ frbm~those of the preceding methods
in that the scale of possible scores has a range of 0.5 to 99.5,
However, results presented in Fig. 5 have been rescaled to the 1~

5 range for easier comparison with those of other methods. ANOVA

"indicated significanfvdifferences between means at p<.0001, and

7 the Spearman‘'s coefficient compéring the results of this analysis

with the ranking provided by Kologiski was rg=.91 (p<.0001)

(Table 14). Analysis of the results of Duncan's Test indicated

~that adjacentrﬁeans of vegetatibn types had to differ by at least

0.46 units (adjusted to the 1-5 scale), on average, for
significant differénce. Five vegetation types had 95% confidence
intervals overlépping the provisional wetiand/upland "break-
peint" of 3.b (Tables 8, 14, Fig. 5).
The last method of analysis (abbreviated WVMX) employed with
the Platte River data combined index averaging with the
alternative set of index valués basedlon frequencj'midpoints
{Table 3). The results of this method are presented in Table 9
and Fig. 6. As in the WVMW analysm,l weighted average scores had
a possible range from 0.5 to 99.5, but results presented in Flg.
6 have been rescaled to the 1-5 scale for ready'comparison with
results of other methods. ANOVA indicated significant
differences between.vegefation type means at p<.0001, and the

Spearman's coefficent between the WVMX ranking and that provided

by Kologiski was rg=.95 (p<.0001) (Table 14). Analysis of the

results of Duncan's Test indicated that adjacent means had to

‘differ by at least 0.36'units (adjusted to the 1-5 scale), on

average, to be significantly different. Five vegetation types
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overlapped the provisional wetland/upland “break-point" of 3.0
(Tables 9, 14, Fig. 6).
In a final analeis of the Platte River study, data for

drawdown species were deleted from the annual and perennial

mudflat stands and new weighted averages (WA, basic algorithm

only) were calculated. ©One annual mudflat stand'ﬁas eliminated

from these calculations because it contained only drawdown

species. The results of drawdown removal are presented in Table

10. 'Elimination of the drawdown species had only a slight effect

on weighted average means for the two mudflat types: the mean

~for the annual mudflat increased (i,e., suggesting drier

conditions) relative to the original score, while the mean for
the perennial mﬁdflat decreased (i.e., suggesting wetter
conditions). Means of the_two.types remained significantly
different from one another. . ‘ - .

The categorlzatlon of the species in the NWPSL (obllgate

upland, facultative upland, etc.) enabled us to determine the

percentage of- total species and total cover for each category in —

a given stand or vegetation type. These resu%ts are presented
for each of the 22 Platte River vegetation types in Table 11. 2
broad definition of "hydro@hytes" which included all except the
obligate upland species (i.e,; obi. + fac., wet. + fac., + fac.
upl.,) led to high percentages of “hydrophytes“ (genéraily'greater
than 80% of both total spec1es and cover) for all végetation
types, regardless of site moisture relationships. For this
reason, obligate wetland and facultative wetland species only

were combined into what we believed was a more reasonable
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grouping of "hydrophytes" (Table 12). A "wetland indicator"

" percentage (WI) was also'generated by averaging the percentages

of total species and.total-cover COntributed by "hydrophytes".

Spearman rank correlation cofficients were calculated for all
pairwise comparisons of the parameters listed in Table 12 (except
the wetland indicator score), and these are presented in Table

13.

Green Swamp

- Table 15 provides means and descriptive statistics of
weighted avérages,(WA, basic algorithm) for each of the 9
vegetation types recognized by Kologiski (1977),'ranked in order
of deséending mean weighted averages, ANOVA indicated that there
were significant differences among these means at the p<.0001
level.  Analysis of the resuits of Duncan's Test (Table 15)
indicated that a difference of 0.43 units was ;equired, on
aveérage, for signifibant differences of means between adjacént‘
vegetation typesr(Table 21}, The comparison of the weighted

average means with an independent ranking déVelcped by R.L.

Kologiski (personal communication) yielded a highly significant

'SpearmanLS-coefficient, with rg=.97 (p<.0001). Two of the 9

green Swamp vegetation typés had weighted average means with 95%

confidence intervals which overlapped the provisional 3.0

wetland/upland "break-point" (Tables 15, 21, Fig. 7).

. Weighted averages for the 9 vegetation types were
recalculated for the Green Swamp‘data,_with cover scores for .
obligate”wetland and obligaté dplahd species doubled érior to

calculation (2X variation of weighted averaging). The results of
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this analysis are presented in Table 16 and Fig. 8. ANOVA foﬁ
this procedure indicated highly-sigﬁificant differences between
means (p<.0001}), and the Spearman coefficient comparing the 2ﬁ
scores with the independent Kologiski ranking of tyées was aiso
highly significant (rg=,96, p<.0001) (Table 21). Analysis of
fgSults of Duncan's Test indicated that a difference of 0.47
units was reqguired, on aVerage, foi significant differences of
_méans between adjacent vegetation types (Table 21). As with the
untransformed data, two means had fanges which'overlapéed the
provisioqal wetland/upland "break-point" of 3.0 (rables 16, 21,
Fig. 8). ' |

- The index averaging kINAV) method was also applied to the-.

Green Swamp data (Table 17 and Fig. 9). aNoOva for the INAV

‘method indicated significant differences among means at p<.0001,

and the Spearman coeficient between the'INAV scores and thei
rankiﬁglprovided by_Kold&iski was highly_significant (:s=,85;
p<.0001) (Table 21). .Analysis of the results of Duncan's Test
(Table 17) indicated fhat a difference beiween mean INAV scores
of 0.24 units was needed,~ on -average, for statistical
significance., There were no overlaps of 95% confidence inte}vals
with the provisional wetland/upland."break—point"of 3.0 (Tablés
17, 21, Fig. 9).

The percentage of total species:and.ﬁotal'cover in each of
the categories of the NWPSL were balbulated for the 9 vegetation
types rebiesented in the Green Swamp data set (Table 18). A&
"hydrophyte" category calculatéd as the sum of all categoﬁies
except obligate upland genérally had perCentaées above 95% for

both species and cover, A more conservative "hydrophyte"

32




category calculatéd_as thé'sum of peicentage total species or
total cover for the obligate and facultative wetland-categories
‘'was also calculated (Table 19).-.A wetland indicator (WI) was
calculated as the mean of percentage total species and percentage
total cover of "hydrophytes" as defined in Table 19. Spearman
cofrelétion coefficients were caléulated for all -combinations of
parameteré listed in Table 19 (except the wetland indicator

scbre) and are listed in Table 20.

Big Thicket

‘Table 22 provides means and other descriptive statistics for

‘welghted averages (WA) for each of the 5 major vegetation types

recognized by Mohler (1979), ranked in order of descending mean
weighted aVerage. ANOVA indicated highly significant differences
among weighted average means (p<.0061}; Analysié of results of
Ddhcan'erultipie Rénge Test (TableFQZ) indicated that a
differénce of .65 units, on average, was needed fof significant
dlfferences between means of adjacent vegetatlon types (Table.

24). Figure 10 deplcts the distribution of 95% conflcence

- intervals for vegetation type means. Only one type had a

weighted-average mean with a 95% confidence interval that
overlapped the provisional 3.0 .wetland/uplang “bieak—point"
(Tables 22, 24, Fig. 10).

A direct ranking of the Big Thicket vegetétion types

‘relative to an environmental moisture gradient was unavailable,

so our weightea average scores for all 132 stands were compared
to 3 different ordination scores and one environmental parameter

(percent sand) available for each stand {Mohler, 1979). Mohler
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indépeﬁdénfly generated'weighted averages (abbreviéted Wa0),
ﬁtilizing a set of indexrvalues, in which each'species was
assigned a value of 1-5 (l=wet, 5=d4ry). Thus his WAO index
values were comparable to thbse developed.from the NWPSL. In a
Second'weighted average (abbreviated WAPS), Mohler assigned
ecological indicies to-species based upon their typical
distribution (pseudoelevation) above”water level with respect to
a local microelevation gradient. The third ordination provided
by Mohler was based on reciprocal avéraging (abbreviatéd RAO), a
multivariate method which rénks stands on an arbitrary scale
based upon their relative compositional similarities (Hill,

1973). The Spearman coefficients for the comparison of our

‘ranking with Mohler's ordination and percentage sand rankings are

presented in Table 24. All cprrelations'were highly significant.'

The Big Thicket data were also analysed using the index
averaging method (INAV, Table 23, Fig. 1l1). ANOVA indicated
highly significant differences among index avefage scores
(p(.bOOl). Analygis.of the results of Duncan's Test (Table 23),
indicated that & difference of at least .62 units, on average,
was ﬁeeded for significant differences between means of
adjacently ranked vegetation types. The 4 independently deriéed
stand'rankings provided by Mohler had highly significant Spearman
rank correlations Qith the INAV scores. There was one overlap of
a 95% confidence interval Qith the provisional wetland/upland

"break-point" (Tables 23, 24, Fig. 11), .

North Fork, Flathead River

" Table 25 provides weighted averages (WA) and descriptive
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data for éach of ﬁhe 17 vegetation types recdgnized by Lee (1983)
in his étudy'of wetland and floodplain vegetation in the drainage
of the North Fork, Flathead River. Because we used Lee's average
data for each vegetation'type,_our work with these data did not
address Within—type variation, nor could we generate desciétive
statisﬁics as provided for the preceding studies. Correlations
were determined, however, between the weighted averages and
various parameters provided by Lee.i.These included leaf area
estimétes, sife water balances, and scores from a DECORANA
ordination (Hill, 1979, 1980}, which is based on a method similar
to the reciprogal averaging ordination used by Mohler (1979).
The correlation of our. wreighted'.aver.a.zg-e scores with Lee's

DECORANA scores was high (rg=-.85, p<.0001). Correlation with

- the site water balance -was Weaker, but significant (rg=-32,

p<.0001), while the correlation -with leaf area index was non-

significant (rg=.19). Wetland determinations (based on Cowardin

et al., 1979) for all types and soils data for some types are

also provided'in Table 25.

Scores were calculated for the Flathead River daté usihg the
index averaging procedure (INAV). Results of INAV are presented
in Table 26. Correlations were also deterﬁined between the index.
averages énd the DECORANA (rg=--83, p<.0001), site water balance

(rg=.52, p<.0001), and leaf area index (rg=.37, NS) scores.

“Suiattle River

Table 27'provides weighted averages'(WA)‘and-deSCriptive
data for each of the 13 vegetation types recognized by Lee (19é3)

in his study of wetland and floodplain vegetation in the drainage
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of the Suiattle River. As was the case with the Flathead river
data, our work did not address within-type variation, nor could

we generate desciptive statistics as provided for the preceding

studies. Correlations were determined, however, between the

weighted averages and various parameters provided by Lee. These
included leaf area estimates, site water balances, and scores
from a PECORANA ordination (Hill, 1979, 1980). The correlation

of our weighted average scores with Lee's DECORANA scores was

high (rg=-,66, p<.0001). Correlation with the site water balance

was similar (xg=.66, p<.0601), khile the correlation with leaf
area index was non-significanE (rg=.21). . Wetland determinations
(based on Cowardin et al., 1977} for all fypes %nd soils data for
some types are also‘ércviaed in Table 27.

Scores were calculated for the Suiattle River data ﬁsing the

~index averaging procedure (INAV). Results of the_ INAV procedure

are presented in Table 28. Correlations were also determined
between the index averages and the DECORANA (Eg=-.89, p<.0001),
site water balance (rg=.83; p<.0001}), and leaf area index

(rg=.00, NS) scores, .
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 DISCUSSION

In our evaluation of the results of many variations of
weighted and index averaging, we found it most useful initially

to compare results within each of the 4 data sets independently.

From these comparisons there emerged general patterns regarding

the behavior of individual methodologies. Thus we have organized
our Discussion first around the 4 data sets, with Conclusions and

Recommendations presented later.

Platte and North Platte Rivers

Weightéd Averaging (WA). Analysis'by weighted averaging

(basic algorithm) of Currier's (1981) data for 22 floodplain
¢ommunities yielded mean scores ranging from l.b& to 4.14.(Tables
4, 14, Fig. 1). The "average" vegetation type in this study had o
a mean score of 2;83 (Table 14). 1In evaluatiné this resuit, we
selected 3,0 as a logicél and réésohébiéwmﬁféék-édint“.for
wetland vs. upland sités, since this score represents the.
weighted average sc¢ore that would be aséigned to a stand compdsed
solely“of facultatives. nUsing this criterkon, 11 types had
weighted average means less than 3.0; these types would thus
tentatively be recognized as wetlands,

The witﬁin—type variation in weighﬁed éverage scores,.as.
expréssgd by the standard deviation, rénged froy 0.09 for the

marsh type to 0.67 for the annual mudflat'type (Table 4). The

"average" type had a standard deviatidn of 0.40 (Table 14).

Variation of weighted average scores among the stands

representing a particular vegetation £Ype had two implications

for interpretation of results:




et

{1) although ANOVA indicated overall significant
differences among weighted average scores, the Duncan's
Multiple Range Test (Table 4) and our index of minimum
separation {Table 14) indicated that types had to be

. separated by approximately 0.46 units, on average,
before they would in fact be significantly different.
A gualitative picture of this result is evident in Fig.
1, where a distance of about 0.5 units between means is
required to eliminate all overlaps of 95% confidence
intervals; and

(2) although the mean weighted average score for a
particular vegetation type might be above or below 3.0,
the range of variation within the type could overlap
the "break point", raising some doubt regarding the
reliability of a wetland/upland designation for that
type. We felt that the 95% confidence interval was an
appropriate statistic for evaluating overlap of
variation with the "break point",

Of Currier's 22 vegetation types, 5 had 95% confidence intervals.
overlapping the 3.0 wetland/upland "break point". If we were to
designate as wetlands only those types with means <3.0 and with

95% confidence intervals not overlapping the "break point", then
7 types would be so designated. The remaining 10 non—overlappjngl
types would be designated as uplands. |

An evaluation of the preceding designations can be based on

the "prevalence of hydrophytic vegetation" criterion for
recognizing wetlands (H.R. 2100-152, 1985). We explored two
means of generating a quantitative estimate of this criterion.
The first, illustrated in Table 11, combined percentage totai
species and percentage total cover for all.categories of species
except obligate upland. This statistic was apparently of little
use in wetland designation,'since the majority of values were
well over 90% and all types (including those of drier situations

like prairie/hayfield and sandy meadow blowout) gqualified as

having a prevalence of hydrophytic vegetation. The second
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estimate of this criterion (Table 12) iecognized only obligate.
_wetland and facultative wetland species as contributing to
"hydrophytic" prevélence. We chose to consider'obligate and.
facultative wetland species because, by definition, such species
are expected to occur predomihantly in wetland situatioﬁs;.our_
persconal field experience has COnfirméd this expectétion. |

Fbr purposes'of evaluating wetland designations, we averaged
the perééntages of total species and total cover contributed by
hydrophytes into a "wetland indicatoi" (WI) (Table 12). The 7

vegetation types recognized as wetlands by the combined criterion

_of mean score below 3.0 and lack of overlap of the 95% confidence

interval with 3.0 coincided exactly with the 7 types having WI

percentages >50%. 2all types designated as uplaﬁ&s by similar

criteria (mean score >3.0 and lack of overlap cof the 95%_

confldence interval with 3.0) had WI percentages well below 50%.
A final criterion for evaluating the performance of welghted

averaging with Currier's Platte River data was the correlation of

WA scores with independently-derived rankings of the same stands

relative to environmental moisture gradients. The only available

ranking of this nature was that provided by RJL.'Kologiski, based

on his experience with the Platte River vegetation and prevailing

criteria for wetland designation. The Spearman rank correlation

coefficient of 0.92 (Table 14) provides good Basis tor conclﬁding
that weighted averaging does rank végetétion-types in a way that
is consistent with‘the opinion of a field worker familiar with
the area, kAlthqugh not independent of the WA score, our wetland
indiéator (WI) does provide an alternative'ﬁeans of ranking-typeé'

relative to an environmental moisture gradient. <Correlation of
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the WA w1th the wetland indicator was -0.97 (Table 14),
suggestlng strong agreement between these two crlterla.

Weighted Averaging (2X). Analy51s of Currler s (1981) data

by weighted averaging of transfbrmed data (doubling of
guantitative data for obligate wetland and obligate upland
species) yielded moderate differences, when compared to results

of the basic algorithm described above. Mean scores ranged from

.1.04 to 4.29 (Table 14), and the "average" vegetation type had a

score of 2.70, slightly lower than the average Score of 2.83 for

the WA method. There was essentially no change in the minimum

_separation-of types required for significant difference (Table

" 14). Twelve types had means‘below 3.0, and of these types 10 had

95% confidence intervals not overlapping the "break point" of 3.0

(Table.S, Fig. 2). Both the shift of the avetage score to a

lower value and the larger number of types that would be

recognized as wetlands was a consequence of the relatively low

representation of obligate upland species in Currier's data

(Table 11).

Of the 10 vegetation types that mlght be con51dered wetlands

as a result of the 2X analysis, only 7 (the same types recognized

by the WA method) had WI percentages above 50%-(Tab1e 12). The

remaining 3 types would feil to meet the "prevalence of

hydrophytic vegetation" criterion. It thus appears that the 2X

'variation resulted in a more liberal inclusion of types as

wetlands than did WA. All stands recognized as uplands by the 2X
analy51s had WX percentages below 50%, however.

Comparison of the ranking of types by the 2X analy51s with
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‘the ranking @roVided by Kologiski yielded a.Spearman's'

coefficient of 0.93 (Table 14), indicéting consistency of the two

rankings.,

- Weighted Averaging (10X). _ Application.of-the 10X
transforﬁation to the Platte Riﬁer data resultéd in more
pronounééd tendencies of the kind seeﬁ-in the 2X transformation.
Thé‘range'of mean scores widened to 1.00-4.58, witﬁ a lower mean
for the “éverage“ type of.2.52.(Table 14). The within—type
variation increased relative to that for the preceding methods,
with 'an average standard deviation of 0.63 for all 22 types
(Table 14). The increased within—ﬁype variation is also evident

in the wider 95% confidence intervals for this method (Tablé 6y

Fig. 3).

In the 10X analysis, 13 typeé had mean scores below -3.0.
Howevei, only one of these had'a_QS% cbnfidence interval
overléppingwthe 3;0.“break—poin£" (Tables 6, 14, Fié. 3, leéving
12 types that might be considered wetlands unde;'ou:'provisional
criteria. This resulted in potential recognition as.ﬁetlands of

5-types'failing to meet the "prevalence of_hyd;bphytic

vegetation" criterion of >50% WI.

Comparison of the ranking of types by the 10X analysis witﬁ
the ranking provided by Kologiski yielded a Spearman’'s
coefficient of 0.95 (Tab;e 14), again indicating coﬁsistency of
the two rankings.

* Index Averaging (INAV). Analysis of Currier's (1981) data

by index averaging resulted in largely similar patterns to those

obtained thorugh use of the basic algorithm-and the two

. variations described above, A narrowing of the range of mean.
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scorés:to i.31—3.91 was evident {fable 14); although the
Maverage" vegetation type had.a score of 2.87, about the same as
that of 2.83 for the WAlméthod. There was also a reduction in
the rnipimum separation of types required- for significant
differences relative to those fequired for the preceding methods
{Table 14); This result was a consequencé of the reduéed within-
.type variation (standard deviations avefaged'0.31, Table 14}
encountered with this method. |
| As in the WA analysis, the INAV prodedure resulted in 11
types with means below 3.0, 7 of which had 95% confidence
intervals not overlapping the “break-point“ of 3.0 (Table 7, Eig.
4). ‘Thus the INAV procedure resulted in assigﬁment of exactly
the same types to provisional wétland status as did the WA
,proéedure, énd all of these met thé."preValence-df hydxophytic
vegetatiog criterion", with WI percentages.greatgr_than 50%.
Comparison of the ranking of types by the INAV analysis with
the ranking provided by Kologiski yielded a Speaiman's
coefficient of 0.96 (Table 14), indicating consistency of the two
tankings. This represented thélstrongest correlafidn of any of
the methods tested with the Kologiski raﬁking. Correlation of

INAV with the WI percentage was -0.98 (Table 14).

Wei.ghted Averaging and Index Averaging (WVMW, WVMX). These.
methods were identical to the WA and INAV approachés,
respéctively, except for substitution of én a1ternative set of
ecological indices'-(Table 3). Results of WVMW (Table 8, Fig, 5)
were quite similar to those-qf the cofresponding WA aﬁproach;

this can be appreciated most readily in a comparison of Figs. 1




and 5 and in the summary results of Table 14, Results of WVMX

(Table 9, Fig. 6) were also quite similar to those of the

cbrresponding INAV approach; this can be appreciated most

readily in a comparison.of Figs. 2 and 6 and in the summary

results of Table 14.

Removal of Drawdown Species. The removal of drawdown
species from Currier's_data set was_prompted by the_bbseivation
that the annual mudflat type had a somewhat higher mean WA score
than was anticipated, and fairly high withih-type variation
(Table 4, Fig. 1). However, results of this test were ambiguous.
The majority of drawdown species removed belonged to the obligate
wetland and facultative wetland categories (8 species bf 14
total), rather than to the facultative and drier categories, as
had peen anticipated, Their removal resulted in an increase pf
the mean WA scare for the annual mudflat type and bnly'a.slight
decféasé-of the within;type standard deviétion {Tabie 10). in
contrast, the perennial mudflat showed a decrease of the mean WA
score and marked incfeése of the within-type standard deviation,

following removal of drawdowns (Table 10).

Green Swamp'

Weighted Averaging (WA). 2Analysis by weighted averaging

(basic algorithm) of Kologiski's (1977) data for 9‘vegétation

types in the Green Swamp yielded mean scores ranging from 1.33 to

3.32 (Tables 15, 21, Fig. 7); The "average" vegetation type in

this study had a mean score of 2.19 (Table_21), indicating that
overall the Kologiski study covered a narrower range of moisture

conditions, focusing on wetland situations, than did Currier's
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(1981). Uﬁing the wetland/upland "break point" criterion
establisﬁed'earlier, we found that 8 of Kologiski's typesrhad
& ' mean écoresAof'less than 3.0; 7 of these also had 95% confidence
intervals that did not overlap the "break point", suggesting that

these were in fact wetlands (Tables 15, 21, Fig. 7).

"t?

of the 7 vegetation types that might be considered wetlands

by our provisional criteria, only one, the Pine-Ericalean Pocosin

I
HESOE S

~had a WI percentage less than 50% (48.9%, Table 19). It thus
Eﬁ _éppéars'that designation of wetlands by these critetia would
identify types that also satisfied the "prevalence of hydrophytic
vegetatioﬁ" criterion.

' The .within-type variation in WA scores, as expressed by thé
standard deviation, ranged from 0.10 for Evergreen Bay Forest to
0.37 for Pine-Mixed Shrub types (Table 15). The "average" type

‘had a standard deviation of 0.22 -(Table 21). The minimum
Separation reguired for significant"difference of-adfaceﬁt
vegetation types for WA‘analyéis of Kologiski's data was 0.43
(Table 21),-quite similar to the corresponding figure of (.46 for

éurrier's WA.

. Koioéiski (pefSonal communication) provided an independent

o . ranking of his 9 vegetation'tfpes relative to the prevailing
environmental moisture gradient in the Green Swémp. Correlation
o .of this ranking with that based on mean WA scores was étrong
(0.97, Table 21). The less independent'WI percentage (Table 19)
S' showed a somewhat weaker correlation in this case (~0.77, Table
= 21). The generally good agreément among these.rank;ngs does
i suggest thét the WA procedure providéd a reasonable sequencing of

& vegetation types relative to prevailing moisture gradiénts.

' o o 44

P




Weighted AVeraging (2X). Doubling the impqréance of

obligate wetland_and-obligate.up;and species in Kologiski's.data
set (Table 16) had very litfle effect on the results of weighted
averaging, when these are compared with results of weighted
averaging on untransformed data (Table 15); .The 2X variation had
similar overall statistics (Table 21) and the mean scores and
ranking of vegetation types Were'nearly identical (Tabies 15,
16). Careful inspection of the results of 2X averaging (Table
16, Fig. 8) with those of WA fTable 15, Fig. 7) reveals slight

shifts of most types toward wetter positions; this result was

- expected because obligate wetland species were generally more

impoertant than obligafe upland species in Kologiski's vegetation

types (Table 18).

Index Averaging (INAV).  Application of the'index averaging

procedure to Kologiski's data resulted in slightly greater

changes than did the 2X variation, when compared with results of
- the basic WA algorithm. The overall sequencing of types changed

. somewhat (Table 17, Fig. 9), as a nésult of shifts both upward

and downward of scores for the various types. The net effect of

these changgs was to place means and 95% confidence intervals fqr

‘all types below the provisional 3.0 "break-point". This

tentativerdesignation of all Green Swamp vegetation types as
wetlands does not appear unreasonable, except in the case of the

Pine~Graminoid Savanna, which had a WI percentage well below 50%

_(35.9%, Table 19). The INAV ranking of the Green Swamp

vegetation types correlated somewhat less well with Kologiski's

-independent ranking (Table 21), as compared to rankings of the WA
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and 2X methods. Correlation of INAV with the WI percentage was -

0.68 (Table 2]1). Other differences evident in the results of the

INAV procedure were a slight reduction in within-type variation

and a substantial reduction in the minimum distance required for

significant differenées between adjacent types (Table 21).

Big Thicket

Weighted Averaging (WA). Analysis by weighted averaging

(basic algorithm) of Mohler's {(1979) data for 5 vegetation'types
in the Big Thicket yielded mean scores raﬂging from 1.49 to 3.09

(Tables 22, 24, Fig. 10). The "average" vegetation type in this

study had a mean score of 2.44 (Table 24). Like Koiogiski's

(1977} study in the Green Swamp, Mohler's work focused primarily

on wetland situations. Using the wetland/upland "break-point"

- criterion established earlier, we found that 4 of Mohler's types

had mean scores of less than 3.0; all of these also had 95%
confidence intervals that did not overlap the "bieak-éoinf",
suggesting that these were in fact wetlands.

The within-type variation in WA scores, as exp;eSsed by the
standard deviation, ranged fr&m 0.19 for Floodpiain Baygall
Forestlto 0.52 for Flatland Hardwood Forest types (Table.22).

The "average" type had a standard deviation of 0.34 (Table 24).

. The minimum separation required for significant difference of

adjacent vegetation types for WA .was 0.65 (Table 24), higher than
the corresponding figurés of 0.46 and 0.43 for Currier's and
Kologiski's WAs, respectively. We attribute these indications of
greater within-type variation in Mohler's data to the fact that

we selected his highest level of vegetation classification for
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S our anaiyses, If we had selected the more homogeneous types he

recognized within the broader groupings used, we expect that
within-type variation would havé been similar to that encountered’
in the other studies. |
Mohler's study provided several independent rankings of his
stands; we sefeéfed four of these for further investigation, as
diScussed in the Results section, Spearman'COrrelations of the
WA scores with these rankings were perfofﬁed at the stand level
(N=132) in ali cases (Table 24). As might be anticipated, the
closest agréements Qeré between our WA-and Mohler's weighted
averaging (WAO) and Reciprbcal Averaging (RAO}. VWe found a
somewhat poorer agreement of our WA ranking with Mohier“s
welighted average based on species' elevational relatipnships

(WAPS) and poor agreement with one soil parameter, percentage

'sand (Table 24). Mohler (1979) discussed his WAO, RAO, and WAPS

‘rankings or ordinations-in some detail; focusing on

interpretations of environmental effects on_vegetation and tﬁe
relative advantages and disadvantages of these méthodS. Based on
his discussion and the reasonably close agréement.of our WA with
these methods, we feel reasonably confident that WA adequatély

assessed the environmental control of vegetation pattern by local

‘gradients of flooding effects and soil moisture, Low correlation

of percentage sand with WA suggests that this soil parameter was
not associated with prevailing environmental gradients of
flooding and seil moisture.

Index Averaging (INAV). Results of index averaging for

Mohler's data were similar to those of.wéighted averaging. There

was a slight tendency for mean scores for his types to shift
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toward drier conditions (Tables 23, 24, Fig. 11). The only other
evident changes were slight reductions in Within—type variation
and the minimum distance required for significant difference

between adjacent types (Table 24).

North Fork, Flathead River

Weighted Averaging (WA). Because we worked with average

data for vegetation fypes, rather than data for individual stands
representing these types, our analysis of Lee's (1983) studies of
floodplain and wetland vegetation did not address the issue of
within-type variation. Table_ZS thus presents only weighted

averaging scores for 17 types recognized by Lee for the drainage'

. 0of the North Fork, Flathead River. The most striking feature of

these results is the relatively high scores calculated; of 17

"types, only 3 had scores below the proviéional wetland/upland

“breag‘point" of 3,0, suggesting that most types were probably
uplands. While there was a tendency for the types with higher
scores to be classified by Lee (1983) as uplands (Table 25},
there were 7 typés with scores above 2.0 that were classified as,
wétlands in'thé Cowardin et al. (1979} éystem,- This apparent
failure of WA to recognize certain wetlands as such‘is also
indicated by the fact that 3 types-with'scores above 3.0 had
soils classified as Fluvagquents, which are.typically recognized
as hydric soils (SCS, 1985). |

In eﬁaluating the probleﬁ of designating wetlapdg in the

PacificlNorthwest, it is important to recall that the success of

WA is dependent on the ability of species to serve as indicators.

of environmental conditions. An inspection of Lee's species list
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for the Flathead River reveals that relatively few are classified
as obligate or.facultative wetland species in the NWPSL,.the
greét majority being in facultative, facultative upland or upland.
categories. Lee (personal communication) confirmed this finding,
and indicated that many of the important species in his wetlands

are broad generalists having distributions that include upland

areas.

Lee (personal communication) also indicated that wetlands of

the Pacific Northwest may differ from those elsewhere in the

‘United States in several important environmental attributes that

make them difficult to classify by WA. First, many of these
areas support narrow ecotonal belts of riparian vegetation, and
these may have strong influence from species of adjacent uplands.,

Also, the soil water in such wetlands may in fact be well-aerated

because of the relatively steep gradients encountered along the

major streams. Prolonged droughts are. common in the region,
further contributing to wetland environments that support species
typically recognized as belonging to facultative or drier

categories,

Of the three statistics chosen for comparison with our WA
ranking, the DECORANA ordination had the strongest correlation

(rg=-.85)., Lee (1983) concluded that this ordination reflected

an environmental gradient of soil moisture or site water balance,

which suggests that the WA ranking was also an adequate
reflection of environmental control of vegetation pattern. This

conclusion is also supported by the significant correlation of WA

scores with Lee's site water balance (rg=.53). A much weaker

correlation was found in our comparison of WA scores with the
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leaf area estimate (rs=.19)._ Lee also found no relationshiP
petween his leaf area estimate and the floristic (DECORANA)
ordination, It should be noted that the foregoing comments are
not meant to imply that the compositional gradients found in

Flathead River floodplain and wetland communities are simple

reflections of environmental moisture. Lee (1983) indicated that

type and frequency of inundation as well as age of existing
stands are factors involved in determining floristic composition
of vegetation in his study area.

Index Averaging (INAV). The results of index averaging on

Lee's data for the North Fo:k, Flathead River, need little
discussion. The-séores for individual types aﬁd the ranking of
these séores (Table 26) are quite similar to those obtained with
weighted ayeraging of éhe same data (Table 25). The tendency for:

wetland types to have scores above 3.0 occurred in the INAV

“ analysis to about 1he-same extent as in WAa. Correlationé of the

INAV ranking with those of DECORANA (rg=-.83) and site water

"balance (rg=,53) were similar to the respective correlations of

WA. The correlation of INAV with leaf area estimate was also low

(rg=.37). These results suggest that the environmental
interpretation of the INAV results is identical to that presented

above for WA.

Suiattle River

Weighted Averaging (WA). Many of the comments made

regarding WA analysis of Lee's Flathead River data also apply to

_résults for the Suiattle data. Most of the scores were above the

provisional "break—point“ of 3.0 and several types considered
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wetlands iﬁ the Cowardin et al. (1979) cléssification fell within
this rﬁnge {Table 27). Reasons for this apparent
misclassification by WA are probably identical to those presented
earlier for the Flathead River analysis.

Correlation of the WA ranking with the DECORANA ordination
of the Suiattle data was moderate (rg=-.65}. " The 1eaf area
estimate, which was_not-correlated with WA for the Fiathead River
data, showed good_agfeement with WA for the Sdiattle data
(rg=.66). In this respect, Lee (1983) noted that his leaf area
estimate correlated well with the DECORANA ordinatioh for the
Suiattle River, but not for the Flathead. The reverse was true
for thé site water balance, which was nét correlated with WA fér
the Suiattle data (rg=.21). As was true for the Flathead River
daga,.complex interrelationships among soil moisture, site water
balance,'frequency.and typelof,inundation, and stand age all play
important roles in‘determining composition of vegetation on these
sites (Lee, 1983). Simple conclusions based on correlations
among a few parameters are probably not realistic. -

Index Av'eraglin:g (INAV). Little discussion Of the INAV .

results for the Suiattle River data is necessary. Scores ang
relative ranking of types by this method (Table 28) were guite
similar to those determihed by WA (Table 27). Correlation of the
INAV.ranking to Lee's DECORANA was high (rg=-.89) as was the
corfelation with leaf area estimate (rg=.83). Similarly, there
was no correlation of INAV with site water balanée (rg=.00) for
these data. These results suggest that the environmental
interpretation of the'INAV results is identical to that présented

above for WA.
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‘CONCLUSIONS AND RECOMMENDATIONS

weighted Averaging (WA)

We recommend weigﬁted averaging of vegetation data as a
means of characterizing the probable environment of a site or
vegetation type. When applied to the problem of designating
wetlands from exisfing data, WA generally performed well in the
tests we conducted., We base thié conclusion on two mainrpointsg
(1) ﬁA effectively ranked vegetation types or staﬁdé in a way
that was well correlated with independently-derived rénkings for
the same types or stands relative to environmental moisture
gradients (based on personal experience, multivariate_analysis of
vegetation déta, and environmental_parameters)} and (2) the
results of WA could be used in a designation of sites as wetlands
or uplands in a way that agreed.well ﬁith designgtibné based on
other criteria, WA also meé all the criteria established earlier

in this prbject for selectioh of an efficient,fobjective and

" consistent means of wetland designation. WA is also well

‘established as a methodology for analysis of biclogical data in

environmental assessment, with many basic.and applied uses.

No method for.designating wetlands using vegetation data
will be completely reliable. Weighted averaging is subject to
inaccuracies which might result from inadeqﬁaté sampling and
incomplete or incorrect data regarding the beéehavior of plant
species. We view the latter problem as particularly.significant.
Since reéults of WA reflect the information contained in the
classification of species into indicator categories, iﬁs_

performance can be only as good as that classificatibn. We
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strongly urge that any ﬁSé of WA in wetland designation be
‘accompanied by an understanding of the kind of information
conweyed by the National Wetland Plant Species List (Reed,_1986).
our expefience with the data of Lee (1983) for floodplains and
wetlands of the ?acific Northwest provides a possible
illustration of this point. Our incorrect designation of several
wetland vggetation types as uplands‘may have resulted from the
classification.of_certain species found in these types in the
facultative and facultative upland (or even upland) categories.
When wetlands are occupied largely by facultative species, Wﬁ_éf
any othér analysis of vegetation data may be a poor'choiée for
designation purposes. further refinement of the NWPSL may also

improve the performance of WA in certain problem areas.,

Index Averaging (INAV)

Index averaging may bg viewed as weightedmaveraging "without
the weights". Like weighted averagiﬁg, it appears to meet the
criteria established earlier in this project for selection of a
reliable and efficient means of wetland designation. INAV has;
also been used in other fields for environmental assesssment
based on biological data. Unlike WA, INAV does not reguire the
collecﬁion of quantitéfive data, instéad basing its célcﬁlations'
solely on a species list for the stand or type. Because each
species carries equal weiéht in determining a designation based

on INAV, special care must be exercised in taxonomic

- identification of all speciés. There exists a "trade-off" in the

kinds of effort required for effective utilization of the WA and

INAV approaches. Use of WA involves time and effort devoted.to
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quantitative sampling of vegetation, bdt_the.method is rélatively

insensitive to omissions éf rare speciés (either because these

are overlooked or because they cannot be ideﬁtified readily).-
Use of INAV involves time and effort devoted to searching for and

identification of all s?ecies present, regardless.of their

quantitative abundance. Careful attention musf be givén te the

costs and benefits associated with WA and INAV when selecting one

of these for a particular'purpose.

In our evaluations of the INAV approach, we found excellent
agreement with results of WA. The agreement was so good that we
guestion the need for reliaﬁce on quantitative methodologies like
WA for routine cases of wetland desigrnation. We had some
indication (based on our study of Curriet's‘(1981) data from the
Platte and North Platte Rivers) that wetland/upland designations
based on INAV may be more conservative, i.e”.scoreé may be'less
extreme than those based on WA of quantitative data. -This wbuld
result in_more designations in the "gray area", centering on
facultative species, where additicnal data regarding soils and

hydrology will be required. This is not necessarily a negative

‘attribute of a designation method, however.

Data Transformations (2X, 10X, etc.)

There are literally an infinite number of ways that variable.
weighting may be applied to species representing diffexent
catégoxies {R.K. Péet, personal communication). In all cases,
variable weighting-refleéts an implied assumption that some kinds

of species are better indicators than others. We explored two

- applications of this form of data transformation, in which
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bbligate wetland and dbligate upland species were given either
double or tenfold weighting relative to other Species. We found
little‘advéntage-in these particular data transformations with
WA; results were genefally guite similar to those for
untransformed data. The more extreme (10X) transformation
resulted in an increase in within-type variation,‘an undesirable
feature. Wé expect that heavy weighting of obligate species
would tend to result in more liberal wetland/upland designafions:
i.e., vegetation types that would otherwise be in the "“gray
area", centering on facultative species, would be shifted away

from this in the direction of the kind of obligate species

(wet;and or upland) that were most abundant., This might be an

undesirable outcome, as it could lead to designations based on

vegetation data only, when in fact inspection of other site

features (soils, hydrology) might be necessary for'éccurate

designation. . -

Use of Freguency Midpoints as Ecological Indices (WVMW, WVMX)

It is quite logical to assign as ecological indicators the

fréquency midpoints of the various categories {(cbligate wetland,

‘facultative wetland, etc,). Evaluations of this set of

ecological indices as an élternative to a simpler 1-5 scale
(Table 3) were performed with both WA and INAV. The effect on
results was minimal in our tests, and we concluded that either

scale would be acceptable, The 1-5 scale hés the advantage of

being somewhat easier to remember, and the results of WA or INAV

fall on a scale that is readily subdivided for interpretive

purposes into several useful zones requiring different responses
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from the field worker (Fig. 12).

Wetland Indicator,Percentage (WI)

We developed the WI percentage in response to the
legislative definiton of wetiands (H.R. 2100, Title X1I). Since
this definition'indicates that a2 wetland supports "a prevalence
of hydrophytic vegetation", our WI is simplyrthe mean of the
percentage of total.species and percentége bf total c¢over

contributed by species belonging to the obligéte wetland angd

- facultative wetland categories. We then investigated the use of

this percentage as a criterion for designating wetlands, working

~with the idea that any site or type with a WI perdentage-greater

than 50 would be a wetland. Such a definition agreed well with

our assessments based on WA and INAV, and we find considerable

merit in using WI (either by itself or in conjunction with WA or

INAV) as a means of designating wetlands.

‘We did not feel that an effective WI could be based on the

use of obligate wetland species alone, nor did we find that a WI

that took into account all except obligate upland species was of

much value. The former approach would be likely to exclude from

‘wetland designation certain types worthy of such designation,

while the latter approach proved to be far too inclusive of drier

types.

Removal of Drawdown Species

Removal of a particular category of species is a special

case of data transformation in which that category ispassigned a

weight of zero. Qur only exploration of this approach involved

removal of drawdown species from data collected in mudflat
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vegetation typés of'the,Platte and North Platte Rivers. The
results of this analysis were inconclusive, and we can only

recommend further investigation'of this and related approaches.

Within-Type Variation

Any stand or site selected to represent a particular area or
vegetation type is é member of a large poﬁulatiOn of similar
stands or sites. Among the.members of this population there will
be some variation in vegetation composition and,'theréfore, in
measures such as WA or INAV based on this composition. It is

impossible to make inferences about the characteristics of a

" population from a single site, regardless of how that site is

selected. Only through analysis.df data from a sample of sites,
selected by a statistica;ly acggptable_samplipg.p:o¢edure, ggnru
such inferenceé be madé. | |

Our aﬁalyses; demonstnated that, among the stands
representing any particular vegetation type, there was some
degree o¢f variatien in £he WA or INAV scores computed. The
magnitude ©of this variafion is undoubtedly a function of‘how

broadly a vegetation type is defined, and may be influenced by a

~-variety of other factors, including size and shape of sample

plot, type of data collected} and gnvironmental heterogeneity.
We'strongly'recommend that any.plan for using vegefation data in
wetland designation make provision for.repeated, random sampling
within the vegetation type or area to be designated. Exact
guidelines for the number of samples necessary cannot be
specified except on a case-bf—casé basis, but common sensé

suggests that, in many cases, a sample of at least 10 sites will
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be required to characterize the mean and standard deviation of a
parameter like WA or INAV. From such a éample, other usefu;
staﬁistics, such as the 95% confidence interval, may be
determined. Armed with such statistics, the researcher can then
make more definitive statements regarding the designation of a

particular area or vegetation type as a wetland or upland.

Sampling Procedures

As discussed in the preceding section, natural variation,
always present among the members of a population of plots
representing an area or vegetation type, makes some kind of
sampling procedure essential,  We wish to make the.point_that
successful use of any biological indicator of environmental

conditions is dependent on a solid sampling protocol; use of the.

" methods discussed in this réport represents no exception to this

rule. uHowever, there are no_“special rulesﬁ associated with
wetland designation by WA, INAV or WI percentage. The usual
rules governing good sampling procedures fdr standard statistical .
ahalysis apply to these methods aé well. While there may well be -
advantagés (quality assuranée/quality control)} to Standardizing
sampling procedures at sbme létei date, we sée no reason to
abandon those methods currently in use, pfoviding that they meet

standard statistical criteria.

Types of Data

Weighted averaging can be applied to any type of
gquantitative data; index averaging requires only species lists,

As 1is the case with sampling considerations, there are no
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"special rules™ to be followed in selecting a type ofidata_to be
used with weighted averaging. 1If data from different strata
(forbs, shrubs, trees,-eth are to be combined for use in WA,_
obvious reguirements for compatibility do'exisf. In general, we
feel that field workers should test WA with the same types of
quanfitétive data that they ‘have been collecting for o;her
‘purposes., There are many good textbooks that address the issug
of appropriate sampling procedures for vegetation analysis, aﬁd
these should be consulted when questions arise. At a later date,

it may be useful to standardize data collection procedures for

‘purposes of quality aséurance/quality‘control.

Breﬁk-Point for Wetland/Upland Separation

We recoﬁmend provisional.adOPtion of 3.0 as a “breaknpoiht"
separating wetlands from uplands (assuming use of a 1-5 scale for
ecological indices); We feel that:there is a logital basis for'
recégnition of such a-“break—point“ and our experiences with
anaiysis ef available data generaily support the selection of
3.0, Further testing of the methodologies proposed in this
repért wili be necessa;y pfior to f£inal aéqption of ﬁhis or ;hy

other criteria for wetland designation, however.

Reliability of Wetland Designations

The value of a particular weﬁland/upland designation will
be greatly enhanced by knowledge of the reliability associated.
with that desighation, on the basis of our work with several

data sets, we offer guidelines (Figuré 12) regarding the

confidence with which one can designate a wetland or upland based

upon WA or INAV methodologies. Qur guidelines are based on the
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assumptlon that one has a E__ r INAV mean based upon at least ten

sample units representing a reasonably homogeneous area or

vegetation type. The guideliﬂés arise from severalrobservations'

(1)

(2)

(3)

(4)

vegetation types w1th mean scores lying more than 0.5
units from the 3,0 "break-point" rarely had 95%
confidence intervals that overlapped this point., This
led us to regard the region on the 1-5 scale between
2.5 and 3.5 as a "gray zone", where designations would

- be unreliable.

classification of vegetation types as wetlands or
uplands appeared reasonable when viewed by a variety of
criteria, if designations were made for only those
types with mean scores lying beyond the "gray zone" of

'3.0+0.5.

mean scores for vegetation types typically required
about 0.5 units of separation before they were
recognlzed as being significantly different.

within-type standard deviations; averaged for the three
studies for which such calculations could be made, were

0.35 and 0.27 for WA and INAV scores, respectively.

approximately 68% of all members of a population (in
our case, a population of individual site or stand
scores) lie within +1 standard deviation from the mean,
Given a mean popalation score located at least 0.5
units from the 3.0 "break point", we would expect that
the great majority of sites or stands belonging to the
population would lie to the same side of the “"break
point”™ as the mean. '

our recommendations- (Figure 12) thus have 4 basic elementst

(1)

(2)

{3)

a WA or INAV score of 3.0 is selected as the "break
point“ separating wetlands from uplands.

if a vegetation type or area to be deSIgnated has a .

mean score (based on adequate sampling) lying within
0.5 units of this break point, we feel that vegetation

~data are inadeguate for making a wetland/upland

designation. Additional data regarding soils and/or
hydrology will be mandatory for making a designation.

if a vegetation type or area has a mean score lying
between 2.0 and 2.5, or between 3.5 and 4.0, we feel

_that there is a good probability that a vegetation-.

based designation of wetland or upland, respectively,
will be correct. Additional data regarding soils
and/or hydrology will be desirable, however, for
confirming this designation.
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(4) 1f a vegetation type or area has a mean score lying
between 1.0 and 2.0, or between 4.0 and 5.0, we feel
that there is a high probability that a vegetation-
based designation of wetland or upland, respectively,
will be correct.

Incorporating WA or INAV into a Formal Designation Procedure

Eventually we hope to see the methods of weighted and index
averaging incorporated into a formal procedure for designating
wetlands. Such a procedure would have specific guidelines at all
levels for choicés in such areas as éampling methodology, type of
data to be acquired,.methods of analysis, etc. Appropriate
gquality assurance/guality control guidelines would be
incorporated. Examples of'existing pfocedures of this nature are
those used by the Corps of Enéineers (Sanders:gﬁléi.,'IQSS) and
the Environmental Protéction Agency (Sipple, 1985). . Our

tentative outline for such a procedure is presented in Fig. 13.

Future Research w
Our study presents a strong case for adopting weighted
averaging and index averaging as methods for utilizing vegetation

data in the designation of wetlands. Future reséarch should

Vfocus on sevetral areas. The foremost of these is field

validation of the mefhods.in a variety of "real-world"
situations, involving correlation  of vegetation-based
designations with those based upon soils and hydrology. In
particular, further clarification 'of the reliébility of
wetland/upland designétions, as presented in Fig. 12, is higﬁly
desirable. Spécific foci of future research could be the effects

of successional and seasonal changes on wetland designations
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based on vegetation., - Continued work with the methods proposed in
this reseatch will no doubt result in further refinement of the
National Wetland Plant Species List.

Eventually we hope to see development of a wetland

‘designation system, utilizing microcomputer technology, that

would provide for objective, consistent designations of wetiands
and which wouid’incorporate.the best available data regarding
végetatidn) soils and hydrology. Such a system would be

standardiZed to such an extent that any trained worker, provided

with apprbpriate data, could arrive at a unique, defensible

wetland deéignation;
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Table 1. Sample calculatlon of a stand welghted average. Data are from
- Mohler (1979), Stand 1. - Index values are taken from the NWPSL.

I K .

Species in Stand Importance Value  Index Product {I.V. X Index)
& Carpinus caroliniana 71,5 3@ 214.5
- Ilex decidua : 2.3 2 4.6
A Tlex opaca 8.1 4 32.4
i Liguidambar . styrac1flua 2.1 3 6.3
- ' Ulmus alata 9.5 4 . 38.0
Eo T o - _ . _
e ' sum = 93.5 sum = 295.8
r Weighted Average (WA) = sum of products/sum of impor tance values
b ' o = 295.8/93.5 = 3.16
3 gbligate = 1; fac. wetland = 2; facultative = 3; fac, upland = 4;
upland (not on list) = '
o

.Table 2. .Sample calculation of a stand index average. Data are from
Mohler (1979), Stand 1. Index values are taken frcm NWPSL.

Il__ Species in Sténd_ _ —__Index Value
| Carpinus caroliniana 3a
1lex decidua 2
Ilex opaca 4
- Liquidambar styraciflua 3
b Ulmus alata _4
total species = 5 sum = 16
}t . : Index average (INAV) = sum of index values/total number of speCIES
e = 16/5 = 3.20
e a obligate = 1; fac. wetland = 2; facultative = 3; fac. upland = ¢;
g R upland (not on list) = '
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‘Table 3. Ecological Indices.
% Category Range of % Frequency Ecological Index - Freq. Midpoint Index
N Obligate 0-18 - 1 S (b
& FPac. Wetland 1-33. 2 17.2 (1.67)
| & Facultative 33-66 3 50.0  (3)
b |
B Fac. Upland 66-99 4 82.8 (4.33)
Upland 99-100 . - 5 99.5  (5)
i ' _ :
£ 8 We have reversed the usual definition of frequency'classes;
instead of representing the frequency of occurrence in wetlands,
.'EF these numbers represent frequency of occurrence in uplands. This
' l was done so the order of frequency midpoint index values would
&%

match that of the ecological index values.

S

b‘Values converted to the 1-5 scale.

TR
g
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£ : Table 13, Spearman correlation coeff_icients for percentage data in Table
- 12, Correlations made between RK Ranking and percentage data, and all
o combinations of percentage data. Significant correlations {p < .05)
=8 ~are indicated by an asterisk.
5 5 RK RANK ~ OBLI SP _FACW SP __ HYDR SP__ OBLI CV__ FACW CV__ HYDR CV
. CRK RANK 1.0000  .06951% .68437%  .OS709%  .04918% 18351 94466
. OBLI SP 1.0000  .70472% = .98080%  .97290%  .23207  .96951%
. FACW SP - 1.0000 L77084%  64708%  .71772%  .70698%
i HYDR SP | 1.0000  ,95144* 30548  ,96725%
OBLI CV : ©1,0000 © .15076  .96951%
FACW CV R - 1.0000  .29531
t HYDR ¢V . , ~1.0000
5
B +
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Table 20. Spearman correlation coefficients for percentage data in Table
19, Correlations made between RK Ranking and percentage data, and all
combinations of percentage data. Significant correlations (p < .05)

are indicated by an asterisk. ' '

RK RANK OBLI SP FACW SP _ HYDR SP__ OBLI GV___FACW CV__HYDR CV

RK RANK  1.0000 = .74478%  .54394  .71130%  ,79499* .32636  .76151%

OBLI SP 1.0000  .p6387%  .84874% - .98319% .51261  .B3193%
} FACW SP- ©1.0000  -.BISI3* 68067 .93277%  .83193%
£ HYDR SP 1.0000  .83193% .73109% 98319
OBLI CV SR | . 1.0000  .47899  .B4B74*

:'-zj .

LORHE W
(AN

¥
)

FACW CV o o | _ 1.0000 .69748%

T

B

HYDR CV o | | 1.0000
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" FIGURE LEGENDS

Each of the follow1ng 11 figures utilizes the same common format.

The horizontal axis represents the possible range of weighted

average or index average scores, from 1.0 (extreme wetland) to

5.0 (extreme upland). The score of 3.0 has been selected as a

provisional "break-point" between wetlands and uplands, and is

indicated by the vertical boundary, marked new. A small vertical

bar q) locates the mean score for each of the vegetation types

on the horizontal axis. The 95% confidence intervals. are marked

with small horizontal bars (-). Each figure displays results
from an analysis of a particular data set, as follows:

Fig. 1. Weighted averages (WA), Platte and North Platte Rivers,
Fig. 2. Weighted averages (2X), Platte and.North-Platte Rivers.
Fig. 3. Weighted averages (10X), Platte and North Platte Rivers.

Fig. 4. Index averages (INAV), Platte and North Platte Rlvers.

Fig. 5. Weighted averages (WVMW), Platte and North Pla-tte Rivers,

Fig. 6. 1Index averages (WVMX), Platte and North Platte Rivers.

Fig. 7. 'Weighted averages (WA), Greemn Swamp.

'Fig. 8. Weighted averages (2X), Green Swamp.

Fig. 9. Index averages (INAV), Green Swamp.
Fig) 10. wWeighted averages (WA), Big Thicket.

Fig. 11. Index averages (INAV), Big Thicket.
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