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Abstract

The Wyoming Natural Diversity Database (WYNDD) at the University of Wyoming, in
partnership with The Nare Conservancy in Wyomin@NC), received funding from the U.S.
Environmental Protection AgengydJSEPA)Wetland Progranbevelopment Grant program to
improve the effectivenesd assessment methods to support state priorities for wetland
monitoring in highly managed basins.

This project complements and builds upon the statewide wetland overview completed in 2010
(Copelancet al. 2010)andutilizes informationavailable from fivegpreviousbasirwide wetland
condition assessment projects completed in Wyoming thyJifavets et al. 2015, 2016a,

2016b; Washkoviak et al. 20482018.

This report summarizes our effdot dgermine the currerdata priorities for wetland
assessments and to evaluate some tools and me
conservation, and restoration priorities into the futWe.describe the results of a survey of
wetland practitioney in Wyoming that ranks the importance of assessment goals in relation to
their management needs. We then describe wetland assessment methods and data currently
available in relation to the needs identified by wetland practitiodéesfocusspecificallyon
challenges with current methods and data gaps relevant to identifying at risk and vulnerable
wetlands in highly managed river basins. We then provide an overview of the Wyoming wetland
program and address gaccesses, shortcomings, and future nekdstly,we present the results

of the development of a novel macroinvertebrate index of wetland condition for wetands.

work on that indefills gaps in data for wetland macroinvertebrates and a provides a potential
rapid assessment method for condition relevant to the needs of wetland managers.

In review, the stakeholder survey repeated what we had already heard from many managers and
wetland practitioners in the state: there is a need for assessment methods that are rapid,
regionally standardized, and that evaluate function, condition, and/or wildlife habitat. These
methods should ideally provide data for mapping, targeting areas for vatnserand

restoration, and the ability to assess change in haBaaed on our review of current methods
versus needs identified as important, most methods fall short in directly estimating the quality of
wildlife habitat and the ability to use inforna to target areas for conservation or restoration.



1.0Introduction

Wyoming is host to a wide variety of freshwater wetland ecosystems, including emergent
marshes, wet meadowsayas, riparian forests, and fens. These wetlands exist iatéhiace,

or ecotoneof aquatic and terrestrial ecosystetimat createiniquelydiverse and productive
habitatsan an otherwisesemtarid landscapé/Nhile only occupyingl.5% of the totaldnd area of
Wyoming, wetlands support a disproportionately high number of plant anlifeviipecies
(Knight et al., 2014)For instanceapproximately90% of the wildlife species in Wyoming use
wetland and riparian habitats daily or seasonally during their life cycle baud @0% of
Wyoming bird species are wetland or riparian oblig@iesholoff, 2003) In addition to
maintenance of biodiversity, wetlands provide a suite of ecosystem services including flood
attenuation, stream flow maintenance, aquifer recharge, sediment retention, water quality
improvementand theproduction of food, goodsind recreational area for human use.

Despite their importangeecentstudies identify wetlargin Wyomingas one of the most
vulnerableecosystem$o future development and changes in clin{@epeland et al., 2010;
Pocewicz et al., 2014¥pecifically, studies led by mulégency working groups have identified
the need for baseline information about the quantity and quality of wetland complexes in
Wyoming, especiallyvetlands associated with lower elevation, agricultural river basins
(Copeland et al 2010; YWWSC2010; Pocewtzetal. 2014 These fAwor king wetl an
interspersed within the floodplain mosaic of river basins, and overlap with multipleisasd
including recreationalagricultural,natural resource extractiorgsidential, and urban areas.
Given thehistorical loss of wetland aréBahl, 1990) and the potential for future loss and
degradatior{Copeland et al. 2010, Pocewicz et al. 201Here is an urgent need to better
understand existingetlands in Wyoming to inform the conservation and management of this
vital natural resource.

Ecosystem monitoring and assessment programs are criticedfilandresourcananagement,
conservationpand restoration activitiedssessment programs are idgalesigned t@ddress
specific freshwater information needs, policies, or regulations questitrase the greatest
impact(Kuehne et al., 2017Much of the work described in this report began with atcall
action in 2010 fromhte Wyoming Bird Conservation Partnerst{ippw theWyoming State
ConservatiorPartnershipSCB, an interagency working group organizedaailitate wetland
habitatconservatiorplanning and projects to help achieve priority state, regional, and
continentalobjectives. Th&Vyoming SCHdentified 9 priority basingn Wyomingthat lacked
critical bagline data needed to answer management que$#aNgSC 2010) In answer to that
call, WYNDD, TTNC, andthe Wyoming Game and Fish DepartmeWwGFD) havespent the
last10years evel opi ng Wy o mi ng ésmpletegtweétland profilpsrandg r am and
ecologicalconditionassessments collect critical baseline information these basin€Tibbets
et al.,2015,2016a, 2016b; Washkoviak et al., 2018a, 2018b)



This report summrizes our effortin partnership with TN@ Wyoming,to determine the
currentdataprioritiesfor wetland assessmerarsdto evaluatesome ofthetools andmethods

t hat can support Wyomingdés specific imathei torin
future We met this objective by utilizing a variety of methods to identify the needsttdnd
practitionerschallerges with current methogdand déa gaps relevant tat-risk and vulnerable
wetlands in highly managed river basilmsaddition, weprovide an overview of the Wyoming
wetland program and address its successes, shortcomings, and futuie teedentexbf
wetland assessmetiastly, we present the results of the development of a novel
macroinvertebrate index of wetlandrdition for wetlands. This wetland macroinvertebrate
study fills gaps in data for wetland mantvertebrate taxa amatovides a exampé of arapid
assessment methoelevant to the needs of wetland managers

2.0 CurrentWetlandAssessmentlieeds in Wyoming

212 APT 00 £OIT [Weilabd SiakeHolGed Srvey

To identify the current needs and priorities for wetland noimg and assessmemte surveyed
wetlandstakeholdes working inWyoming.In January 2018, esent a standardized Google
survey b 60wetland professionals from ngurofit, academic, state, tribal, and federal
institutions.These individuals were identifidgthsed on an email list for tNéyoming SCRthe
most active wetland management group in the state, and other individuals whdeméfeed to
have an interest or need for wetland assessment(@htasurvey may be viewed in the
accompanyindg®DFfile, CD96825501 FinalReport2022Feb_Appendjx\Ae received
responses from 33 individuals from 18 different organizations (Tablwéd pesented the
results of thdull surveyto over 30 key wetland personnel at the Wyon$tate Bird
Conservation Partnership meeting Februa8y Z018at the WGFDoffice in Casper, WYWe
provide a summary of key findings in the sections to follow.

Il n response t o Areyeuosyaur arganizatignucer®ritly ugimg,spedific

wetl and monitoring B2% ofaespprelents ose ont or merd Wettands ? 0 |,
monitoring @ assessment method, 3@k not, butwant to learn more about monitoring, and

18% responded ithasd utiliaipg g manitoengy br asdessment method, 11
differentmethods were listeds¢eaccompanying PDF fil&D96825501 FinalReport2022Feb
AppendixB), and 33% of those were required usewithin their organizationMany

respondents citedse ofgeneralaquatic and riparian heal#ssessmemhethods thainclude

wetlands but are not wetlanrdpecific

Based on the survey resultsderalland managers are generally required to use the
methodologies dictated by their agencies, wstdée and regional land managers face the
challenge of deciding which methods are appropriate to use to meet their spaodigement
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and assessment needbout half (52%) of respondents reported that their curmaoitoring

and assessment methods do not meetekef their organizationWhen asked to specify the
shortcomings of these methods, 39% of respondents r@tohethods are too trainingr
resourceantensive, 31% noted the lack of quantification of wetland function or wildlife value,

23% stated that methods do not adequately address artificial or irrigated wetlands, and 8% listed
the lack of a central datapesitory.

Table 1. Summary of the number of wetland professionals from each organization in Wyoming
that responded to our survey in January 2018.

Organization # Responded

Federal

Bureau of Land Management

National Park Service - Yellowstone

US Army Corps of Engineers

US Dept. of Agriculture-NRCS

US Fish and Wildlife Service

Seedskadee & Cokeville Meadows Natl Wildlife Refuge
State / Regional

=D ININN

Wyoming Department of Environmental Quality

Wyoming Game and Fish Department

Little Snake River Conservation District

Meeteetse Conservation District

Popo Agie Conservation District

N NG

Teton Conservation District

University

w

Wyoming Natural Diversity Database

Non-profit
Ducks Unlimited

Jackson Hole Land Trust

The Nature Conservancy

= (W N

Wyoming Outdoor Council

Private (consultant)
Alder Environmental, LLC 1

To find out what type of monitoring and assessment data is useful to stakeholders, we asked
respondents to select fraseveralbptions of different data tegories. The top five types data

i dent i f i ewereanforméatiorstaedéntify targets for onservation (76%)pdated

wetland mapping (70%documentinghanges to habitat (64%jlocumentingesults of

restoration projects (57%), andformation to identifytargets for restoration (54%lhese

results were not surprising given that over loal§takeholders responded that they participate in
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work on wildlife (55%), restoration (58%), and monitoring and assessment (58%), and 46%
work directly on land management.

We then asked participants to ratetlandassessment characteristics aneéfwtpointsased on
importanceof eachfor their wetland workBased orthe proportion of survey respondents who
replied @Al mpor t aathaop charactenstes sglectednyesealuatasmwildlife

habitat (87%)evaluags function (71%), evahtes ecological condition (68%) and is

standardized for Wyoming/region (68¥sjigure 1) Ladly, 2/3 of participants answerdiat

Aimaybeo they would use a statewide oy regiona
however,80% answered they would have interest in the data.

Evaluates wildlife habitat
Evaluates function

Evaluates ecological condition
Standardized for WY/region
Rapid (2-4 hrs)

Validated

Evaluates water quality

0 20 40 60 80 100
Proportion of respondents

Figurel. Proportion of survey respondents who r epg
respect to their need for specific assessment methadcteristics.

2.2 Current Wyoming Assessment Methods

We compiled a list of wetlangpecific assessment methods based on information from the

survey and personal communication with wetland professionals working in Wyoming. We then
reviewed each of theseethodsn relationship to the characteristics identified as important to
wetland practitioners (Table 2). We found that wetland assessments in Wyoming are conducted
for a variety of reasons by multiple organizations, and consequently, a variety of sne¢hod

used. Six of these methods wesed at the federal level, while four were developed for use in

the region or state. The methods used by USFS (Groundwater Dependent Ecosystems) and BLM
(Proper Functioning for Lentic Areas Method) are specific targiiwaterdependent or other
specificwetland types.



Thecrosswalkin Table 2shows how assessment methods relate to sampling elethmants
survey respotents identified as importan/e were not able to determine if FACWettloe
MWAM have been validate®EIA, FACWet, and WMAW method#clude qualitative metrics
or physical or biological data that could be usenhdtiirectly evaluate wildlife habitat potential.
EIA methods typically include supplementary intensive measursnoénegetation composition
and structure that can be analyzed to answer specific habitat questions, but this data is not
included in the overaloll-up of wetland condition scoreshe USACE Delineation Guidelines
are not specifically a wetland assesstmeathod, but are the standard methods usedttblish
the existence (location) and physical limits (size) wietlandfor purposes of federal, state, and
local regulations.

2.3 What did we learn from the survey?

In review, the stakeholder survey refgehwhat we had already heard from many managers and
wetland practitioners in the state: there is a need for assessment methods that are rapid,
regionally standardized, and that evaluate function, condition, and/or wildlife habitat. These
methods should &hlly provide data for mapping, targeting areas for conservation and
restoration, and the ability to assess change in haBaaed on our review of current methods
versus needs identified as important, most methods fall short in directly estimating the quality of
wildlife habitat and the ability to use information to target areas for conservation or restoration.
We did not inclule questions that asked abaditereassessment work should be focused,
however, meetings with partners throughout the state indicatethéatviously identified low
elevation wetland complexes remaipréority (WJVSC 2010)

While there is an expressaded for methods that are Wyomiggecific, we found thatederal
agencies are institutnally mandated to use their owrethodsandare les likely to adopt a
Wyoming-specific assessment methé@deral employees didpwever, indicate interest
utilizing thedata generated by other sampling meth&asployees from state, negrofit, and
local conservation groups identified that they use soitiee methods identified in Table Rut
that they have difficulty knowingrhat method to useased orifferernt objectivesgcenarios
For instance, the WGFD does not have standard methods for wetland and apseissments,
and they are currently searching to fmeéthods thaassess wetland condition, wildlife habitat
potential, ptential impacts from land usejonitor restoration success impacts from changes
in land management.



Table 2. Summary of the wetland assessment methods used to measure condition anc
function in Wyoming in relationship to desiretaracteristics based on the survey.

;:%Q
¥
)
g A
[~ =
g & SR
% E;.? c&fﬁ = 6"@ &
& & on E F &
i~ ¥ ,é? : F & &
g §F & & L & & F
F F FFF o F F F
F § T F & 5 F &
Asgessment Method and Elements = @ F & & g &
Colorado Ecological Intergity Assessment I x| x X X
{ELA) (Lemly & Gilligan 20163
Functional Assessment of Colorado I X X 2 I X
Wetlands (FACWet) (Tohnson et al. 2013)
Montana Wetland Assessment Method I X 2 2 X
{(MWAM) (Berglund 2008) )
WY Florisite Quality Assessment
(Washkowal et al 20170 X X
USFS Growndwater Dependent Ecosystem -
X X X X
Level 1 (USFS 20123
USFS Growndwater Dependent Ecosystem -
X X X X X X
Level 2 (ITSF3 2012}
BLM - Proper Functioning Condition for
. X | x X | x | X
Lentic Areas (BLM 1299)
Hydrogeomorphic Classification (Smith et al. X % % I %
1995)
USACE Delination Guidelines (UTSACE 1987) x x x
National Wetland Condition Assessment X X X X X X
(USEPA 2010)

2.4Developing a Wyoming Wetland Assessment Method

When this project begapart ofour original objectivewas to develog Wyoming-specific

assessment program quantify thecondition andvalueof wetlands in highly managed

landscapesAs we navigated this process, sancludedhat developingn entirelynew

assessm@nt progranwasnot a priority of wetland stakeholders in WyomiNgithout stable

funding resources for testing amalidation, method developmenbuld beaninefficient use of
resources without a commitment to adopt these methods from land managers and other users in
the stateWe did, howevergontinue our efforts to successfully develop the Wyoming Wetland
Invertebrate Metric (WWIM) (see Sectionfér details)since we were well underway with
development before the project began.

WYNDD is often asked for guidance abdhé different types of methodwailable and how to
choose the appropriate one basadnanagemenbbjectivesand institutional limitationdnstead
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of developing a newonditionassessmemrogram we seek to strengthen understanding of the
resources that are already in placalbyelopng content tchelp land manageisetterunderstand
the methodshat are currently availablehe types of data thareproducedandhow to adapt
these methods inthieir own assessment programé hope thatinderstanding the ecological
underpinnings of these methods will allow practitioners to better utilize th@ataced from
these assessments for management.

3.0 Understanding Wetland Assessment Options

3.1Choosing a Sampling Method

The first step in designing or choosing a wetland assessment prggadeterminghe
managemenjuestion driving thassessmenthe information requéd to answer thatuestion
and the time, funding, and experteeailable to obtain the informatioAs Steinet al.(2009)
stated fiRather than focusing on details of one specific method atihgothe merits of one
method over another, discussion should focus on the institutional structure and goals for which
the methods are developed, tested, and ultimately impleméintedritical that management
needs drive the selection of an assessimgmtoach and not the other way aroomsking the
right questiongrom the beginningnd designing assessments around specific policies and
regulations are key to narrowing the knowledg@ction gap in freshwat management
(Kuehne et al., 2017The objectives of the survey design must be stated precisely, and
guantitatively to guide the selection of the best survey design.

Generally, most methods focus on the assessment of the ecological integrity of wetlands, largely
driven by acomponent oflie 1972 US FederaVater Pollution Contho Act (t he A CI ean
Act €CWA)t o restore and mai n taadibinlogitd ihtegritycohtlkeemi c a |
Nat i on 6&.sTheweia geperakaoceptance @fological integrity as a conservation goal, and

overthe pasthreedecadesmanymethodshave been developed to evalutte complex

ecological condition of freshwater ecosystemssngobservabldield indicators that produce

cumulaive condition scores thatform ecosystem managemehtuehne et al., 2017)

However, it is important to point out the dif
versus thoseithahdoasfFaasstiionald assessments ge
wetland to perform specific functions, for example, biogeochemical cycling or hydrologic
storage, whereas condition assessments provid
integrityd i n which the functional capacity is infe
endpoint should inform which method is appropriate.
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3.2Understandingxale

The geographic scopd an assessment projeen range from site to ntinent anddirectly
influences thepotential outcomes and applications of the data colleétedimber of sampling
methodologies have ba developed in the past twenygars to monitor wetland condition at a
variety of spatial scald®\damus, 1993; DeKeyser et al., 2003; Lemhd Gilligan, 2013; Olsen
et al., 2019; U.S. Environmental Protection Agency, 2011; Vance et al., 204J@) want to
make inferences at the basin or state sealatjally-explicit randomsamping methods are
required to scaleip resultshowever,communicatingnformaion on specific locations igst
duringthe rolkup summaryof results This is especially true for sites on private land that can
only be identified at the township levél.management questioaseaboutspecific locatios,
sites can be targeted to answer thegitecificquestionsput resultannotbe projected onto
other locationsOverall, it is important to understand the implicationghef sampling scalend
how selecting points vs. polygoasdsampling bias influences the resuykseOlsen et al.,
2012; Olsen and Kincaid, 2009; Stevens and Olsen, 2004)

3.3Wetland Classification

The overallfframework for an assessment survey design is defined by the classification of
wetland typesor target populationncluded in the study and the geographic scopsite
selectionneeded to answer management questiSotula et al., 2006 he primary goal of
classification is to reduce the effectvathin-class variability on the assessment scores to better
discern differences in condition among wetlardsally, the target population is precisely
definedto meet the objectives of the studijost wetland studies in the region combine
classification categories that best describe weslahthterest. For example, the current
classification system used in Wyoming (see Washkoviak et alapiidudes a combation of
Hydrogeomorphic (HGMBrinson, 1993)and vegetatiovased classifications such as National
Wetland Inventory (NWICowardin et al., 1979nd Ecological Systen{f€omer et al., 2003)

3.4 Setting expectations defining reference condition

Assessmentsstimate ecological condition or functibg integatinglandscape and fielahetrics

that focus primarily othe landscape settirajdthe physiebiologicalstructure of a wetland in

relation toreference sitefor each wetland type. Reference sites ide@present the natural
variability of anfiexpected r ef er ence condition. u3edte scores f
provide benchmarksisetting qualitative condition category boundaresg,(Good, Fair, Pogr

and to identify departures from an expeaedlogical condition.

The selection of criteria for defining reference condition has a direct effect on the ttises#iol

for the condition or function categobpundaries. Therefore, selection criteria for reference

condition must be explicand spedic for eachstudy. Ideally, reference sites are those in

minimally disturbed conditioqMDC), r epresenting the best appr ox
Abi ol ogi cal i nt e(Gtoddardyeval., QADGRefdremce coaditidnsnwost pfe

12



Wy omi ngds a g risbestdefinedrakakt distuebed calison L D C) ,the Bestn
avail able physical, chemical and biological
| a nd s(Staddaedcet al. 2006Because LDC can be different from MD€ference sites may
represent a condition that does not refteetfull potential for biological integrity.

There are different approaches to identifying reference sites, but most studies select sites
utilizing a combination of targeting wetlands based on best professional judgement from local
practitioners and setéon based on evaluation of ambient distributions from study sites. Recent
work on defining reference and baseline condition in hudw@ninated systems (s&epf et al.,
2015for review) are valuable for providing insight on one of the most challenging aspects of
developing and implementing an assessment study in hngahaged river basins.

3.5 Assessment Framewokksd metrics
Many mechanisms to protect, manage, and restore freshwater systems depend on the accuracy,
efficiency, and defensibility of assessment d@tarrently,a threetiered approach to wetland
assessments recommended by thé.S. EPA, with each tier increasingdegree of effort, cost,
and scale:
1 Level 1 assessmentsr wetland profilesare broad in geographooverageand are used
to characterize land use and the distribution of resources, such as wetland types, across
the landscape. These assessments ghymadilize digital information or remote sensing
data in a Geographic I nformation Systems
the landscape scale.
1 Level 2 assessments evaluate the condition of individual wetlands usingdssd
methods thiafocus on indicators, including anthropogenic disturbanakso known as
stressorswhich are rapid and easy to measure. Level 2 Rapid Assessment Methods
(RAMSs) are used throughout a number of regions in the USA because they provide an
onsite assessmenf wetland condition with relatively little effo{Fennessy et al.,
2007) Common RAM estimate the ecological condition of the wetland landscape, by
integrating metrics that focus primarily on hydrology, and physical anddicall
structure(Table 3, in section 4.1 below, liggample metrics RAM metrics focus on
observable stressors and disturbances known to degrade the ecological integrity of
wetlands. Metric scores and identification of stressors are incorporatedaettand
profile to provide information about the integrif a basin's wetland resources. Field
sampling generally takes-2 hours to complete.
1 Lastly, Level 3 assessments utilize more intensive metlsods as measures of
diversity,to collect quantative field data using metrics of biological integritypes of
level 3 data include plant and animal species lists, macroinvertebrate sampling, soll
profile characterization, and water quality measurements. Field sampling generally takes
61 8 hours taccomplete.
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Depending on the availability of resources and the scope of a study, assessments can combine
approaches from different levels to produce data at the required level f Detadverall goal

of most of these approachiego provide a rapid, reatable andscientificall-defensible

evaluation of the overall ecological condition of a wetlakideach wetland, field metrics are

evaluated using descriptive ratings. The metrics typically assess four wetland attributes: Buffer,
Hydrology, Physicabtructure, and Biological Structure. Edad metric isdeveloped with the
assumption that reflects areadily observable aspeaftthe complex eological structure and

conditionof a wetland ecostem. Metrics currently used in the region foheavily on
identifying the severity of anthropogenic dis
of wetl and ecosystems.-uMet ol cc vasbdeghatdssed @t ¢ h e n
to describe wetlands alongcanditiongradient inrelation to reference condition.

Assessment methods are based on the use of observable field indicators as surrogate for direct
measures of condition. Therefore, fieldtnes must be calibrated and validated with

independent data (s&earr and Chu, 1997; Stein et al., 20@®utula et al., 2006l is vital to

spend time understanding the assumptions and premises behind eacth asstémsment method
before applying study design andonditionmetrics in a nevgtudyarea.

4.0 Review of Wyomin§g s WeRrdgram2@102020

Thissection describes the variety of projects the program has suppgooted2010202Q Final

reports describing the results and methods used for individual basin assessments can be found
on the WYNDD websif&ww.uwyo.edu/wyndd). Data is available at the-&tesl in GIS and

Access databases stored at WYNDD. Please note that all data collected on private lands is
sensitive and is not shat¢o exact location unless the landowner agreed to in a signed waiver.

4.1Wetland Condition Assessment Studies

In 2010, several studies identified the need for more detailed-leaginassessments in

Wyoming : thewyoming WetlandsConservatiorStrategy(WJVSC,2010) the State Wildlife

Action Plan(Wyoming Game and Fish Department, 20409 aLevel 1wetlandsassessment
(Copeland et al. 2010The study by Coeland et al. (2010) was pivotal in providing a
landscapescale geospatial assessment of wetlands to prioritize the next stages of wetland
assessment work in Wyoming. In addition to mappingt/amd complexes were quantified as a
function of their biologial diversity,protection status, susceptibility to climate change, and
proximity to sources of impairmenthe study identified lower elevation wetland complexes as

the least protected, in the poorest condition, and the most vulnerable to future land use change.

The Wyoming Joint Ventures Steering Committee utilized this informatianfarm the
identification of ninepriority wetland complexes to concentrate conservation project and
assessment work. The priority complexes are: Bear River, Goshen Hole, Laramie Plains, Little
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Snake River / Muddy Creek, NE Wyoming (Little Missouri River / Belle Fourche RiBeaver
Creek), Red Desert / Great Divide Basin, Upper Green River, Snake River Valley (Jackson), and
Wind River Basin(Figure 2) These priority basins were selected based on diversity, high project
interest and opportunity, and unique ecological value.

"~ North East

%/ Upper Green| . S - Goshen Hole
3 ' Cpoad W  Laramie Plains .
¥ g Great Divide : Yy
‘ ‘Q .. ,) K
d " &/ s } z A A !
> |Bear River ° > P "i T T
2 - . Z Wetland Density
_Little Snake ‘ -
é‘ g i = - Low

Figure 2. Thirty-one wetland complexes identified as having high concentsatfonetland.
From Copeland et al. (2010priority complexes are shown in dark &lu

To date]andscape profiles avdetlandcondition assessmentsea@ompleted for five of the nine
priority wetland complexes, led by partnerships between TNC, WGFD, and WYMDS.of
the funding for these assessment projects came frolh. §reéEnvironmental Protection
Agencyods Regi on aDeveldanent Granfsappléhertegl byanatching funds
from Ducks UnlimitedWYDEQ, WGFD, WYNDD, and TNC.

The first wetland assessment project in the Upper Greem RiNdbdets et al. 2015)sed the
USA RAM method(U.S. Environmental Protection Agency, 200at was lateevaluated and
adapted for use in Wyomir{@YRAM). Wetlands in theSoshen Hole (Tibbets et al. 2016a),
Laramie PlaingTibbets et al. 2016b).ittle SnakeRiver Basin(Washkoviak et al. @1a) and
Great Divide Basin (Washkoviak et al. 208W®re all sampled and analyzed by adapting
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methods fronthe Colorado Natural Heritag&ogran® Ecological Inegrity Assessment (EIA)
(Lemly and Gilligan 201p

Both WYRAM and EIA methods ateased on the concept of ecological integrity as an
assessment of the structure, composition, function, and connectivity of an ecosystem as
compared to reference ecosystems. The overarching goal of the EIA franm&weopkovide a

rapid, repeatable, scigintally defensible evaluation of the ecological condition of a wetland.

EIA methods were developed by NatureServe to assess the condition of wetlands across broad
landscape§FaberLangendoen et al., 201&hd have been refined by several regional wetland
programs to specifically address wetland conditions in the IntertamuwWesiLemly and

Gilligan, 2013; Rocchio, 200¥ance et al., 2012)

In the assessments of the Goshen Hole, Laramie Plains, Little Snake, and Great Dividis wetlan

we applied Level 1 landscape profile and Level 2 field melrasedargelyon theEIA methods
developed by Lemlpnd Gilligan (2012, 2013) Field indicators or metrics weevaluated at
eachwetland based on narrative ratirgfdour attributes: Landscape Context, Hydrologic

Condition, Physicochemical Condition, and Biotic Condition (Talde® Tablet). The field
metricswereassunedto represend visible qualityola wet | a n d canplexegoledical mé s
structure and functonSe par at e fistressoro metrics focused
anthropogenic disturbance associated with degradation of wetland ecosystems. Metric scores for
each of the four attributes were comlaineto an overall EIA score that can be used to describe
wetlands in relation to a reference condition.

Additional level 3 data on plant species composition and structure, soil profile characterization,
and water quality measurements were colleotead four projectsBird surveys were conducted

at wetland sites in the Laramie Plains and Goshen Hole and macroinvertebrate sampling
occurred in the Little Snake and Great Divide Bgsae results in Sectiond this report).
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Table 3. Ecological Integrity Assessment attributes and indicators

Attributes Indicators and Metrics

¢ Landscape Fragmentation

Buffer Extent

Buffer Width

Buffer Condition

Water Source

Hydrologic Condition* Hydrologic Connectivity

Alteration of Hydroperiod

Water Quality

Algal Growth

Substrate/Soil Disturbance

Relative Cover of Native Plant Species
Absolute Cover of Noxious Weeds
Biological Condition Absolute Cover of Aggressive Native Species
Mean C

Structural Complexity

Landscape Context

Physicochemical
Condition

Table 4. Summary of the year, level, site attributes, and surveys completed during wetland ct
assessments for prioribasins/wetland complexes in Wyoming

Level 1 Level 2 Attribute Metrics Level 3 Biological Data
NwI/
LLww Physico- Plant Macro-

Survey Landscape (updated Landscape chemical Hydrologic Biotic ~ Species  Bird  invertebrate Data
Basin/Wetland Complex ~ Year Profile  mapping) ~ Context Condition Condition Condition ~Survey =~ Survey  Survey Repository

Upper Green River 2012 X X X X X X TNC/WYNDI
Laramie Plains Basin 2013 X X X X X X X TNC/WYNDI
Goshen Hole 2014 X X X X X X X TNC/WYNDI

Great Divide Basin 2015 X X X X X X WYNDD

Little Snake River / Muddy Creek2016 X X X X X X WYNDD

4.2 Summary oAssessment&a

4.2.1EIAX0ores

Figure3 shows thesummary data for the 3%@etlandssurveyedn thefive basinan Wyoming
listed abovefiA 0 w e tardead ar desr reference conditicareintact and function within their
natural range of variabilityfi A wetlands typicallyexist in uafragmented landscapes, with little
to no surrounding land use stressors, invasive species are generally absent, and natural
hydrologic functions are intachs scoreslecrease, wetlands begin to deviate from their natural
range of variability de to anthropogenic influences such as invasive species invasions,
hydrologic modificationsandlandscape fragmentation
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Surveys indicaté1%received an A condition sco(Eigure 3. Mostwetlandssampledvere
ranked B (56%) o€ (27%) indicating a sligt or moderateleviation from reference condition.

Condition
. Scoring Category
]
All Basins = A
C—B
Upper Green l m= C
s D
Laramie '
Goshen )
1
Great Divide !
1
Little Snake
0 20 40 60 80 100

Percent of Sites

Figure 3. Ecological Integrity assessment condition scores for all sampled wetlands

Wetlands in the Larami@laing Upper Greerand Little Snake basins occur in landscapes
dominated by hayproduction and cattle grazinGoshen Hole had the worst condition because
much of the area is dominated by row cegpiculturewhich is scored more harshly because it
typically results in more intensivandscape fragmentation, soil compactiarg aydrologic
modifications compared toay productio and cattle grazing. Large dams and two major canals
in Goshen Holalsonegatively influenced scores basedoasinwide hydrologic alterationthat
affectwetlandand riparian areas in the basin.

The Great Divide Basin issignificantlandscapédor conservatiorbecause itvas, at the time of
sampling,in the best condition with the highest proportion of A and B wetlafsonly

available water comes froprecigtation and snow mekvhich limits agriculture and
developmentThe major threat to wetlands in the Great Divide basin come from natural resource
extraction. V& did not gain access to sampletlands in existingn oil/gas fieldswe so we

cannot repd on the condition of wetlands in these locatioie did however sample the Chain
Lakes Wildlife Habitat Maagement Area prior to the expansiorobfand gas extraction in the

area. These data can be used as a baseline to understarddawe extiction iscurrently
affectingwetland condition.
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4.2.2Indicators of Disturbance

We recorded indicators of disturbaree i s t witlkirsass@metedy wide buffer around the
sampledvetland and within the wetlarabsessment aréaundary. Potentiahdicators of
disturbancenclude natural phenomena or hureaused land management impabtstcan
negatively influencea wetland or reduce its ecological condition. Theisessorgan be used to
identify the most prevalent impaciffecting wetland health in a given area and can help land
mangers change and address disturbances that are under their control.

Figure 4shows the top fivetressordound across akampled basins. Theercent of sites with

each stressor varies by badiowever results from the Great Divide basin skesults since so

few stressors weraffectingthose wetlands=or example80% of sites samplealverallhad

invasive species prese@nly 43% of wetlands in the i@atDivide Basinhad invasive species

but 831 97% of sitesampled in other basit@dinvasive speciepresentBetween56 and86%

of wetlands were within 500 meters of a road -tra2k, 32-69% of wetlands were grazednd

38-35% had soil degradation due to pugging from livestock, tvlsesand nativeungulates.
Irrigation infrastructure affected 56% of all sampled wetlands but these results are also skewed
by the GreaDivide Basin. Only10% of wetlandghere(n = 7) werepotentialy affected by
irrigationbut4771 7% of sitessampled in other basins were affected.

43% - 97%

Invasive Species

Roads - 56 - 86%
Grazing - 32-69%
Irrigation Infrastructure 10 - 79%
Soil Degradation - 38 - 65%
0 20 410 GIO 8I0 100
% of sites

Figure 4. Percentage of sites with "stressors” present expressed as a range.

4.2.3Hydrologic Modifications
Hydrology is the primary driver of the processes that establish and maintain wetlands, including
ecological, physical, and chemical processes that sustain ecosystem functions and associated services

19



and vdues to peopléMitch and Gosselink, 2000T herefore, it is important to identify alterations to
the natural hydrologic regime that may detrimentally affect the struahddunction of a wetland.
We used the Landscape Hydrology Metric (LHM) (Tibbets €2@l5) to calculate the hydrologic
condition metrics. LHM incorporates landscdpeel data identifying alterations to hydroperiod and
water source, along with field @datharacterizing wetland soils.

Historical wetlandswith no visible hydrologic alteratiomrepresente@9% of wetlands sampled
(Figure 5) Hydrologic modifications were observed at 71% of wetlands sampled, of Btgse

of siteswere considerediteredhybrid which have both natural water sources and hydrological
alterations affecting water availabiljt¥5% were considereaipported by irrigation
infrastructureand6% were completelgreated by irrigation and occur in areas where no natural
watersource can be identified

Assessment methods that equate human influerecelecline in condition can lead to

misleading results for dividual wetlands, andive an inaccurate prddi of the wetlands in a
basin. For exampléf, irrigation creates wetlarsdwhere they would not exist otherwise (see, for
examplePeck and Lovvorn, 2001pr increases the size of alreaglisting wetlands, then the

net effect of irrigation bsin-wide may be tgrovide more wetland habitathis created or
augmented habitat may lack some ofititegrity of naturalwetlands, but it has more wetland
habitatvalue than does newetland.Understanding the values of whole landscapes in this way,
including a spectrum of naturad historic to hydrologicallyaltered to created wetlands, is
necessary for effective management of these systems.

Landscape Hydrology
Metric Category

=== Historic
——— Altered hybrid
==== Supported
=== (Created

Figure 5. Percentage of &8 by LHM category
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4.2.4 Sample biaonsiderations

In the assesement of the Upper Green River Basin wetlands (Tibbets et al. @oilBtive
distribution function plots (CDF) were used to estimate the pexge(iity area) of all the

wetlands in the study area with a WYRAM score (indicagoglogical integruty) equal to or

less than a particular value. The CDF plots were constructed frondtRAM scores fronthe
sampled wetlandsvhich constituted 28% of the wetland acreas in the study area. The range in
WYRAM scores waslivided into disurbance classes, and the CDF plots allowed us to estimate
the percentage (and the standard deviation) of the wetland acreage in the study area within each
disturbance classSCDF estimates are useful for initial quantification of wetland condition within

a basin, but one of their assumptions, that the data are obtained from a random sample, may be
difficult to meet. For example, our data from the Upper Green River Basin assessment violate
that assumption: we were denied permission to sample many weilapdsate lands, and so

our data are biased toward public lands.

4.3The National Wetland Condition Assessment

Every 5 years the EPA samples and reports on trends of wetlands in the conterminous U.S as part
of the National Wetland Condition Assessment (NWCA). In 2011 samiplidyomingwas

conductedby the Colorado Natural Heritage Program. In 2016 sampling wakicted by

WYNDD. The next round of sampling will be completed in 2021. All NWCA methods and data

are publicly available through the NWCA website.

4.4 Avian Richness Evaluation Method

A main objective of this project was to validate tAgian Richness Ealuation Method"
(AREM) habitat suitability toofor wetland birds using bird survey data for one ecoregion in
Wyoming. Work began on thibjectivein January 2016, including a cday meeting of the
AREM working group in Jackson, ydmingthat included VGFD (Susan Patla), WYNDD
(Lindsey Washkoviak), and TNC (Teresa Tibbets). During this meeting, the working group
identified the use of bird surveys conducted in 2014 and 2015 in Goshe(THbblets et al.
2061a)and Laramie Plain®016b)to focus furtheanalyses. In addition, the group identified
gaps in the AREM model that would require work beyond the scope and funding mbject.

Datafrom 113 wetland sites in th@oshen Hole andaramie Plains were identified as

appropriate for analyse€ad dataset washecked for quality, and transferred into a new

database for analysid-he working group further focused the dataset to only include birds that
breed in wetlands. This resulted in the production of a dataset of breeding birds from Goshen
Hole and Laramie Plains that can be used to validate the AREM tool when the model parameters
can be updated.

The major challenge isatisfying this objectivevasunderestimation of the amount of time and
resources required axlequately addresmexpected dagaps in the AREM model. Before

starting work the working group was optimistic that the model was at a stage appropriate for
validation. Further analyses indicated that gaps in the bird habitat data in the AREM model were
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resulting in incorrect habitaicores for certain birds. The working group addressed this
challenge by deciding to continue to focus work onbiing survey dataset® better fill voids in

the AREMhabitatdatafor wetland birds Because we have spent the time cleaning and
organizirg the bird survey data sefietquality of data used to update AREMtime future will be
improvedand applicable to habitat characters associated with the presence/absence of each
species.

The expected outcome of this project is to provide wildlife marisageeh a user friendly,
Wyoming-specific tool to quantitatively assess the potential species richness and habitat value,
or suitability, of wetlands for birds. This valuable information can be used to identify areas of
high conservation and restoratiortguatial. At this point, we have produced a valuable dataset
for breeding wetland birds that can be used as the next step-tariing the AREM model.

4.5Wetland Mapping

The most comprehensiveetlanddata sebf wetland distributions available fronthe U.S. Fish

and Wildlife Service (USFWS) National Wetland Invent@VI). NWI is a nationally uniform
system devel oped to descr Wéatland polygbnsrara gttributedat n a't
with Coward classifications that represanvetlands vegetation composition and hydrologic

regime (Cowardin et al 1979).

NWI is currently the best data set available for selecting potential wetland sampling sites and to
complete level 1 analysdgluch of the mapping for our region was complatethel98 0 6 s by
hand drawing wetland boundaries on acetate overlays of aerial photos that were then turned into
paper mapsnd subsequently digitizeBigital data for all of Wyoming is publicly available at

the USFWS NWI website.

There are efforts in Wgming to update the NWI mappin&t. Mary'sUniversity of Minnesota
has been updating NWI mappgiwith contracts fronfiederal agencieand other entities across
the U.S. Part of that woikvolvesupdatel NWI mapping orBureau of Land Management
(BLM) landsin selected areas in Wyoming

The updated mappingtilizes new methods to determine wetland boundaries and assigns the
Landscape, Landform, Waterbody, Water flow path (LLWW) classification developed by
USFWS(Tiner, 2003)o wetland polygonsLLWW coding allows managers to estimate
wetland functional potential for wetlands. The updated NWI maps are submit#&FuySto

be incorporated into the nationally avaladatasetbut theUSFWS does not accept the new
LLWW codesat this time These data should be made available to all wetland managers in
Wyoming, but no organization is currently acting as the repository for thigs#egte&section 6.2)

As of 2019 therés updated mapping for the Chain Lak#gdlife Habitat Management Areaé

USGS quarhnglesn the Little Snake Watershed, areas of the Popo Aguyer watershedand

BLM and public lands in the Upper Greétiver watershed.ln 2020, additional BLM and tribal

|l ands in the Great Divide Basin and Wi nd Rive
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The Montana Natural Heritage Program is also updating mapping in unknown portions of
Wyoming.

4.6 Macranvertebratelndex ofBiotic Integrity

Statewide managelmave emphasizeti¢ need for rapid assessment tools, and there is much
interest in developing methods using macroinvertebrates as bioindicators for wédiaads.
objective of this project i® determine if macroinveibeates can be used as an integrative
indicator of theecological condition of wetlands in the intermountain basins of Wyoming. The
goals are twdold: 1) develop a list of aguatic macroinvertebrate taxa for wetlands that occur in
Wyoming and 2) develop aanroinvertebratdased indicator of biotic integrity (IBI) that is
responsive to human disturbance gradients across a variety of wetland\gpae=vide a full

report of the MMI study in section 7 of this report, below.

4.7 ldentifyingAt-Risk and/ulnerable Wetlands Wyoming

Land managers need tools to identify habitats that are vulnerable to changes in water

management and development, and methods that allow them to answer different management
guestions. In response to this nesd worked withfNCa nd St Mar ydés Uni ver si
criteria that allows us to identify-aisk or vulnerable wetland ecosystems due to climate change

and other threats. The criteria are based orsgatial informatiorthat represenndicators of
potentialcondition function,biodiversity, ecosystem servigasdicators of disturbance,
landownershipand wildlife habitat value. The gespatial data were combined into the WyoWet

decision support tool pilot project forehittle Snake River and Popaie watersheds in

Wyoming

The WyoWET decision support tool can be found tlthk:
http://smumn.maps.arcgis.com/apps/webappviewer/index.itn®i23c264a80f842b3a886b0c7
42ad06a3

4.7.1WyoWetData Descriptions

WyoWet combines a variety of publicly available ggmatial data into one platform anitbavs

users to view wetland polygons and interact with associatedbatd each polygothat:

descibes the biological and hydrologic functional potential; ranks its vulnerability to
disturbances; displays hydrologic alterations to the landscape; and displays adjacent patterns.
WyoWet gives land managers the tools to prioritize restoration, consepnatmprotection

efforts based on site specific data and ownership/management.

WyoWet relies heavily on updated wetlamapping Wetland plygons were attributed with the
Landscape, Landform, Waterbody, Water flow path (LLWW) classification developed by
USFWS(Tiner, 2003)andthe classification systenf €owardinet al.(1979)

The various sections of WyoWet are described below.
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Biologic and Hydrologic Functions

LLWW and Cowardin codes were combined to estimate functional paitémtiall wetlands and

riparian areas in the study ardasse o Spat i al Services Saint Maryo:
2018) The final analysis of these combined coding systems resulted in the identification and
classification of important wetland functiodsranking process was devised éd®n whether

or not a particular wetland provisla function. For each function a wetland provided, a value of

"High", "Moderate" ofi M functiord (for that category) was given.

Hydrologic Alterations

NWI modifier codeg(Cowardin et al., 1979 ere used to identify wetlands that have bakad
impounded, and excavateaidditional geospatial data on points of diversion and irrigation could
be incaporated to identify hydrologic alteratioasdifferent scales.

Sensitive Species

Wetlands that are important to Species of Greatest Conservation Need (SGCN) were identified
by predictive habitat models generatedVyNDD. Predictive habitat models repees

predictions of where a taxon might occur, based on the similarity in environmental
characteristics of an area t@#efound at points of known occurrence for the taxon. The
environmental gradients used to predict distribution generally include clilmatecover,
topography, substrate, and hydrology. Total diversity as well as diversity by taxonomic groups
are provided for each wetlapdlygon Additional information about theseodels can be found

on the Wyoming Species List of the WYNDD websitgtp://www.uwyo.edu/wyndg/

Climate Resilience

Climate resilience represents the relative ability of habitats within a landscape to survive or
recover from a change. Scores were calculated from models including topographic complexity,
water availability, lad protection, and landscape integrity generate@Ng, WYNDD, and

WGFD. Additional information about the modeling approach can be found in the statewide
vulnerability assessme(focewicz et al., 2014)

Development Vulnerability

Development vulnerability represents the likelihood of a wetland to experience future energy
(wind and oil and gas) and residential development. Vulnerability scores were cdléudate
models generated BYNC, WYNDD, and WGFDAdditional information about the modeling
approach can be found in the statewide vulnerability assesfifrumewicz et al., 2014)
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5.0Wyoming Wetland Progra&valuation

The Wyomingwetland program, largely consisting of partnerships between WYNDD, TNC, and
WGFD, was originally tasked in 2010 with completing wetland profiles and ecological condition
assessments to collect critical baseline data for identified priority bknswe Bke a step

back to review ouassessmemtrogram to see if we are still asking the right questiosiag the

right methods, andresenting data in a way that is useful to larahagers and easy to

understand.

As described in the sections above,provided the firstandscapgrofiles and assessmeits
ecological condition fowetlandsn five of the ninepriority basins in Wyoming. In addition to
basirlevel condition scoresye also collected information on potentialicators of disturbance
present on the landscape and completed comprehensive surveys of wetland plant communities
and solil profiles. Together, this orimation providesvetland managers a baseline for better
understanding that extent of wetlands resources, the status of ecologaitibo across the
most common wetland typesndthe extent ohydrologic alteration and human disturbaoce
the landscapén addition, data collected from the intensive vegetation and soil suavelysing
used by ecologists &/YNDD to write descrigions ofwetland and ripariaecological systems
in Wyoming, to appear in the Wyoming Field Guide on the WYNDD website
(http://www.uwyo.edu/wyndd/

While we did meet the original objectef theprogramwe learned a lot about the applicability
of our asessment®r management questioaad insight into how theeeds of the state have
evolved over time. Below are three questions we should be askimg future.

1. Aretherebdter met hods t onesdsd wer Wyomingos

The Ecological IntegritAssessmenmethods wereriginally designed to identify historical

wetlands that exist indepesatly of human actions and are worthy of protection. While this is
very important, EIA does not provide the information needed to fydhée functions and

values that poor condition or human altered wetlands providany of the lowscoring

wetlands that are supported or created by irrigation infrastructure also harbor substantial
biodiversity, host multiple species of concern, aredraghly productive systems. We feel that if

we focusonly on condition, we are missing an opportunity to understand the role these systems
play in our landscape. We need a new way to communicate the importance of wetlands in these
highly managed systeme e can understand what will be gained or lost under changing water
management scenarios

2. Are we collecting data at appropriate scales?

Results from our surveys are rolled up and presented at the basin scale. This is partly because of
how the original gastion to collect baseline data for the 9 basins was asked, and partly because
we cannot present sipecific data collected on private lands without permission. Basin scale
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data is important for understanding overall trends, but many land managers warttie to
pinpoint specific locations for conservation or specific disturbance indicators to manage.

Our efforts also collected valuable level 3 data on vegetation structure, water quality, and soll
profiles that was only minimally summarized in tresim reports. This raw data could be used to
answer a multitude of specific management questions related to wetland characterization and
wildlife habitat suitability;howeverwe currently lack the structure to effectively share this data

(see below).

3. Canwe better share collected data?

Wyomingcurrentlylacks the infrastructure to easily sharetlanddata. Land managers need

data digitally available so they caasily view, sort, and analyi#teo meet their specific
management questions at varying scayoWET is a good first step at compilipgblicly
availablegeospatial data so that land managers can identify areas for protection, conservation,
and preservatiorBut we do not currently have a way to make site specific data easily available
while mantainingl a n d o wights to priacy.

6.0Wyoming Wetlandsg LookingForward

6.1 Threats from climate change

Climate change threatens the future of Wyomin
temperature and precipitation patterns. Temperatures metstern U.S. have already increased
by over 1.5°C and are projected to increase by®2°C by the end ahe centuryAdhikari and
Hansen, 2019; Deser et alQ12; Dettinger et al., 2015; Johnson et al., 2005; Rice et al., 2012;
Walsh et al., 2014 Precipitation projections are more varigtiat studies generally predict
more extreme precipitation events (larger rain or snow storms followed by prolongwts mdr
drought) with overall decreased precipitation in the southern U.S. and at lower altitudes and
increased precipitation over the northern U.S. with increasing rainfall in higher altitudes
(Dettinger et al., 2015; Erwin, 2009; Walsh et al., 20Léhger and more severe droughts are
also expected to imease in frequency for some regions. Titerigovernmental Panel on

Climate Change in 2001 predicte@&-90% increas@& mid-continent drought frequency over
the next century.

Studies show that temperature incressse more extreme in winter mibs, resulting in more
precipitationfalling asrainand less as sno{Barnett et al., 2008; Polley et al., 2013; Walsh et

al., 2014) Projections fronMaurer et al. (20023how 4% more precipitation will fall as rain

instead of snow for everd?C of warming. This change results in less snowpack and earlier
snowmelt in thevestern andhorthern U.S (Dettinger et al., 2015; Dwire et al., 2018)2014,

the Intergovernmental Panel on Climate Change predec@8P6 decrease in spring snow cover

for the Northern Hemisphere by the end of the century. Earlier snowmelt and more frequent and
extreme rain events are leading to increased spring flooding resulting in lessdsd® water
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storage and lower instream flows for snownmeéidiated system®umanski et i, 2015;
Johnson et al., 2012; Safeeq et al., 2013)

Wetland systems are extremely vulnerable to changes in hydrologic r¢gmas, 2009; Fu

and Burgher, 2015Wetland hydrologic regime (the patterns of water depth, duration,
frequency, and timing) is the single most important factor dictating the distribution of wetland
types and the establishment and maintenance of wetland structure, processes, and function
(Mitch and Gosselink, 2000; van der Valk and Mushet, 2(A&) some systems, more extreme
precipitation evets or more frequent flooding will increase water availability to wetlands which
can create more stable water levels, shifting seasonal and temporary wetlands into more
permanent statgsnteau et al., 2016)n other systemsnore frequat drought conditions and
increased evapotranspiration rates will decrease water availability, shifting wetlands to less
stable hydrologic regimes and transition temporary wetlands into uglandi® et al., 2018;
Johnson et al., 2005; Middleton and Kleinebecker, 20@&&)undwatedependent wénds will
likely see a decrease in water availability if groundwater levels decrease due to less recharge and
increasd groundwater use for human needs as more snow turns t@®raire et al., 2018;

Eaman and Dettinger, 2011)

Changes to hydrologic regimes will also impeportant wetland processes. Tdiglity of a
wetlandto store and sequester carbon, release methane, and cycle nusriaatdricably linked

to hydrology and disturbance patterns. Increased sedimentatimh reduces wetland depth

and water storagés expected from increased runoff from severe ssasmhighetvolume

precipitation event§Gleason et al., 2011; Skagenal., 2016)Increase runoff could also

contribute additional nutrients and toxic substances (e.g., pesticides, heavy metals) to wetlands
from adjacent land development which can negatively impact water quality and lead to
eutrophicatior(Pitchford et al., 2012)

Water level fluctuations caused by seasonal droughts and periods of inundation are a normal part
of many wetland wt/dry cycles and are required to maintain vegetation zone fornfAtdeau,

2012; Anteau et al., 2016; Johnson et al., 2005; van der Valk and Mushet, 3fdlale water

levels reduce vegetation zone formation and result in a loss of plant species diversity (van der
Valk ard Mushet, 2016). Wetland function and condition will likely be diminished because of
changes in plant species composition and habitat structure reducing available habitat for
migrating waterbirds and other wetladdpendent wildlife specig¢énteau, 2012; Forcey et al.,

2011; Johnson et al., 2005; Steealet2014)

Change in species composition occurs at both a local and regional scale asoé clxsdte

change. Models estimate that species will react to climate change and habitat availability
similarly to how they reacted to historical periodsiajught or increased wetng¥oodward et

al., 2010) Species ranges will either contract or expand. Habitat at the southewf spdcies
ranges Wl become less suitable. Entire biological communities will shift or be lost, rare species
will likely see negative impacts, and there will be increased pressure from invasive species
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because of changes in hydrology and increased tempefAts@ciation of State Wetland
Managers, 2015; Mantykaringle et al., 2012; Steen et al., 201\8)etlands and ripan areas
will also act as refugia, providing habitat and migratory corridors as habitat suitability shifts
(Fremier et al., 2015; Morelli et al., 2016; Seavy et al., 2009)

Climate change will also indirectly affect wetland function, condition, and distribution.

Wetland are already stressed from adjacent agricultural, industrial, and residential land that
compete for available water and land gi@apeland et al., 2010Iprier conditions will increase

the demand of water for human uses such as increased agriculture and irigmisret al.,

2010) Wetter conditions will lead to more consolidation draining which can result in more stable
water regimes for remaining wetlands and lead to increaseapsdtbw and downstream

flooding (Anteau, 2012; McCauley et al., 2015)

What does this mean for wetland managers and conservation? As illustratechimae

change can dispi a wetlan@ hydrologic and disturbance reginsausing changes in wetland
structure and function which will in turn affect species habitat availability and potential
ecosystem services humans depend on. The nature of these changes depends on where the
wetland sits in the landscape and how it gets its water. Wetland managers must cansder

and futurewater availability at a landscape level for restoration and conservation efforts to be
successful.

As indicated abovéydrologic modifications affect water availability to existing wetlands and
have created new wetland area in many river basins throughout the state. When we overlay our
sampled wetland data with GIS mapping data, we see that 2a8lmatland acres in Wyoing
overlap with irrigation. In the sampled basins this number is much higher. Up to 70% of wetland
acres in the basins overlap with irrigation. LHM analyses shows us that 71% of wetland
sampled have altered hydrology andi 14%5% of wetlands are suppadter created by irrigation.

This means that t he fisstramglydieddofour Whteo managgmere wet | a
strategies. Water shortages due to climate change and predicted drought and increased human
population may place pressure on water resmuaranagers and agricultural producers to adopt

water efficiency methods that would negatively impact wetland acreage created or supported by
irrigation. Conservation and restoration strategies aimed at protecting wetland acreage will fall

short of theirintended purpose without an understanding of the role between hydrology, and

wetland area, function, condition, and value in highly managed landscapes.

6.2Future Needs of the State
We identified the followingheeds based on the results from survey resgos, information
learned from ifperson meetings, and from our professional opinions:

1. Finish Sampling 4 remaining basir&ear Rivernortheastermyoming (Little Missouri
River / Belle Fourche River / Beaver Creek), Snake River Valley (Jatksigh ard Wind
River Basin.
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We think it is valuable to continue to use EIA to sample themeing4 basins, however it
would be useful to incorporate new metrics that quantify wetland function and values in addition
to condition.

2. Updated mapping that more acdety delineates wetland boundargesd is attributed with
LLWW coding which can be used to estimate potential wetland functions

Some pdatel wetland mapping is underway in Wyomingfe strongly recommenal new
wetland projects in the statecorporate new wetland mapping with LLWW attributidl. NWI
mapping should be submitted to the W$E to be incorporated into their national program.
There is no organization currently acting as the repository for updated mapping. We suggest
WYNDD, TNC, or the Wyoming Geographic Information Sciences Center at the University of
Wyomings houl d wor k Wnivdrsityof$innesokd the Modtana Natural Heritage
Program, and other entities to maintain and shBWW attribution data publicly.

3. Geospdial tools that compile publicly available data on wetland type, landownership,
biological importance, functional potential, and vulnerability to help land managers target
locations for restoration, conservation, and protection

Ideally, the WyoWet concepwill be expanded upon through the WYNDD Data Explorer
(http://Iwww.uwyo.edu/wyndd/as additional mapping efforts in Wyoming are completed.
Additional data that could be added to the future WyoWet expansions include the extent of
modified/irrigatedwetland (Wyoming Wildlife Consultants, 200&nd land
management/ownersh{Bureau of Land Management, ZI)1

4. Create gublicly availabletoolbox that compares available methods and metrics that answer
common assessment and monitoring questions with accompanying information about why
the methods and metrics are important bow dataare collected, analyzed, and interpreted

Pl ease see the Col or a detlad intomatianl Certté/atershasige Pr o g
Planning Toolboxand Wetland Mapp€all available at

https:/Enhp.colostate.edu/ourwork/wetland@r ideas on the types offormation andjeo

spatial data Wyoming could make available in the future.

5. Createand maintain a Wyoming wetland website andata clearinghouse

WYNDD received an EPA wetland program d&pment grant that will allow them to
incorporate informati on ab o udatabdsepamieateggabew wet | a
wetl ands part of WY NDDithisinfeenxatios iteadity gvailaldebhes i t e t o
new wetlands site will be linked toformation on web sites of other organizations and thus will

be a hub for i nfor mat iTheWD@RaBawmainthids éhe Wyorainge 6 s we
Wetland Websitéhttps://wgfd.wyo.gov/Halat/\WyomingWetland$ which provides a host of
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less technical information that is valuable for public outreadhthese tools must be
maintained into the future to keep them relevant and up to date.

63¢ KS CdzidzNE 2F 2@2YAy3IQa 2SGfryR t NRPINIY
Up tothis point the Wyoming Wetland Program has consisted of a Wetland Ecologist and

Freshwater Ecologist position housed under WYNDD or TNC and a Wetland Coordinator

Position housed underdoks Unlimitedand WGFD. None of these positions have funding past

Jaruary 2020 and the future of the Wyoming Wetland Program is uncertain. Currently there are

no organizations planning to c avetlandassessmento dev e
andmonitoring efforts.

The current strategyf maintaining wetland pragm projects and personre EPA wetland
program development grants alone is not sustainable in the long term. To be an effective
program there would be ideally a team including a program manager, database developer, GIS
specialist, project manager, arehsonal employees. The program manager position must be a
permanently funded positidroused under a state organization or-poufit.

7. Macranvertebrate Multi Metric Index

Freshwater wetland ecosystems are highly diverse and productive habitptevius critical
ecosystem servicépicluding water quality improvement, water storage and flood abatgment

and support biodiversity (Costanza et al. 1997). Monitoring and assessment methods have
become increasingly vital for understanding human impactgetlands, and recent national and
state programs focus on evaluating the ecological integrity, or condition, of wetlands. The use of
indicator metricss common for physical, chemical, and biological attributes of wetlands that are
compared with valuesxpected under reference conditions.

Many ecologicalintegrityassessment (EIA) methods are designed to be completed within a day
or less; however, in our experience, many agencies and organizations monitoring wetlands in
Wyoming have limited time anesources to hire a2 person field crew to complete a full
assessment. For organizations with limited resources, focused biomonitoarg>@nomic

group could be a more timand costeffective way to assess ecological conditions.

Macroinvertebrateare the most common indicators of aquatic biomonitoring because they are
abundant, diverse, sedentary, ldivgd (weeks to years), easy to collect, and their response to
perturbations differmaking them an excellent measure of ecosystem quality thahobde

detected using standard assessment methods (Rosenberg and Resh 1993; Resh 2008; Barbour et
al. 1999). Multimetric indicators of condition, commonly referred to as an Indices of Biotic

Integrity (IBI), have been successfully developed using aqumsicts, snails, annelids, and
crustaceans for streams (Barbour et al. 1999; Carter et al. 2006; Karr and Chindé@@ver,
development of IBIs for wetland assessment is more recent (Lunde & Resh 2012; Stein et al

2017; Luet al.2019) andBls have notbeen developed in the Rocky Mountain region of the

U.S.

30



As part of this project, wased aquatic invertebrate collections and habitat measurements from
wetlands in the Little Snake River Basin (Washkoviak et al. 2018a) and the Great Divide Basin
(Washkovak et al. 2018b) to develop/dyoming Wetland Invertebrate MetrfgVWIM), as an
integrative indicator of the ecological condition of wetlands in the intermountain basins of
Wyoming. The WWIM should beesponsive to human disturbance gradients acrossedyvaf
wetland types.

7.1Study Area

We sampled wetlands in the Great Divide and Little Snake River Basins located in Carbon and
Sweetwater counties of southcentral Wyom(Rmgyure6). This intermountain region is in the
Wyoming Basin Level Il Ecoregion and is characterized by a-semicimate that receives

most of its precipitation in the spring (188 cm annually).

The Great Divide Basin (GDB) is an internally draining basin formed by a split in the
Continental Divide. The study area included three largebsisins that step down ihegation

from west to east: the Red Desert, the Chain Lakes Flats, and SeparatigHd¢tatst al.

2011) While there is an ~1100 m difference between the highest ipdihe Ferris Mountains

(3050 m) and Separation Flats (1947 m), 80% of the basin falls within thé¢ 294D m

elevation rang€Heller et al. 2011)Drainage basinsithe GDB often lack outlets, resulting in
temporarily flooded depressions and playas that accumulate dissolved salts left behind by
evaporation. Vegetation is characterized by vast expanses of sagebrush steppe intermixed with
extensive greasewood flatxgkets of wetland playand meadow complexes.

The Little Snake River Basin (LSRB) is located along the evaside of the Sierra Madre and
varies from 1853 2580 m in elevation. The area includes a wide diversity of plant communities,
from aspen gladeandmixed mountain shrubs at higher elevations, to sagebrush steppe and
riparian galleries of cottonwood and willow intermixed with herbaceous wetlands and
agricultural regions at lower elevatiof@opeland et al. 2010T he study area also includes the
Muddy Creek Wetlands Project, the largest constructed wetland complex in Wy@kihtCP

2014) which covers 5,000 acres of private and public lands, and includes over 2,500 acres of
wetlands located along 6 miles of Myd@reek near Dad, Wyoming.
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Figure 6. Map of the study area including the Little Snake River Basin (blue) and Great Divide
Basin wetland complexes located in seoéimtral Wyoming, USA.

7.2 Methods

7.21. Site Selection

We developedhe Wyoming Wetand Invertebrate Metri@VWIM) from data collected at 55

wetlands sampleduringthe wetland condition assessments of the Little Snake River Basin
(Wadhkoviak 2018a) and the Great Divide Basin (Washkoviak 2018b). Those wetlands were
classified as alkaline wet meadows (n = 4), emergent marsh (n = 20), playa and saline depression
(n = 10), riverine shrubland (n = 10), shrub flat (n = 1) and wet meadovt@h =

7.22. Environmental Integrity Assessment Scores

Each wetland sampling site was assigned an environmental integrity assessment (EIA) score,
using methods developed by Lenalyd Gilligan(2012, 2013) The EIA scorevas calculated

from indicators and metrics assumed to represent one of four generateg(flialle5). The

indicators and metrics were measured and the EIA scores were calculated as part of the wetland
condition assessmentseach of the two study areas.
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