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Cover:Predominantly snowmelted wet meadow in the uppeWeber River watershef@inain photo),
aquatic bed fringed by emergent marsh in a managed impoundment near Great Salt Lake (left inset),
Salicornia rubrgpickleveed)displaying its fall colors in an alkalidepression adjacent to Great Salt
Lake (middle inset), and m&levation montane shrubland in a small tributary to the Weber River (right
inset).
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ExecutiveSummary

The Utah Geological Survey (UGEh a grant from the U.S. Environmental Protection Agency,
conducted an assessment of wetlands in thieber River watersheih 2014. The assessment project
focused on vegetated palustrine wetlandsdincluded all wetlands with at least 30% cover of
herbaceous emergent planttrees,or shrubs and only those aquatic bed wetlaléss than 2 meters
deep, less than eight hectares in size, and located outside of a channel. Project objectives included
providing data for the calibration and validation of assessment methods and using bdtarIGIS
based landscape data to evaluate wetland condition. A pilot Amutiric index was also developed to
more robustly evaluate wetland condition for a subset of the field sites.

The watershed was divided into six strata, including the Wetlandsgsido Great Salt ka)
and Footslopes (in the Wagdit Front area) in th€entralBasin and Rangecoregionand the Valleys,
Foothills, Montane Zone, and Uintas (arranged from lowest to highest elevation) in predomirently t
Wasatch and Uinta Mountaingeregion. Field surveys were conducted at 12 randomly selected sites
per strata using the draft Utah Rapid Assessment Procedure (URAP). This protocol, devetbped by
UGS, uses a series of metrics to evaluate wetland condition and collects supplemettdaon deatures
such as stressors, plant community composition, and water quality parameters. A landscape analysis
was conducted in GIS using information on wetland location, wetland type, land ownexstithe
results of a recently created wetland lam@dge stress model to identify patéally rare, unprotected
and threatened wetland types.

Altered plant communities were one of the most commonly recorded issudéelmer River
watershedwetlands. At 25% of sites, half or more of the total plant cover eeasposed of nomative
speciesWetlands with very little nomative plant cover (<10% relative cover) were common in the
Uintas, occasional in the Montane Zone, and very rare in other strata. Plant species of concern in the
CentralBasin and Range ecoregiinclude the noxious weed®hragmites australiccommon reed) and
Lepidium latifolium(broadleaved pepperweedand Elaeagnusngustifolia(Russian olive), though only
the first of the three species is both widespread and often abundant where founchdrheative
specieBassia hyssopifolidivehorn smootherweed)Trifolium fragiferum(strawberry clover), and
Echinochloa crugalli (barnyard grassjlso have potetial for causing ecological amtonomic damage
in the region. In the Wasatch and Uinta Mountains ecoregipecies of concern include the noxious
weed Cirsium arvens@Canada thistle)Elymus repen@uackgrass), anghragmites australiand the
non-native Phalaris arundinace@eed @narygrass). This latter species was common and sometimes
very abundant in the Valleys and Foothills and is considered a problematic species in the eastern United
StatesIn both ecoregions, some common roative species are planted for erosion controligestock
forage,sospecies control is unliketp occurwithout a change in management practices.

Livestock grazing was the most frequently recorded stressor within surveyed wetlands and was
also very common in wetland buffers. Grazing impacts to hyehiod and physical substrate, such as
stream entrenchment, soil compaction, pugging, and unnatural bare areas, were relatively easy to
visibly assess and were rarely sevégsessgthe degree to which livestock grazing may be impacting
plant community omposition and nutrient dynamiagas much more difficultFor example, high nen
native species cover could be due to grazing pressure, but could also be the result of factors such as
landscape fragmentation from roads. Moderate to severe grazing impagts mest common in the



Footslopes and Foothills, found at 66.7% and 45.5% of wetland area, respectively, and least common in
the Wetlands.

High water quality stress common in the Wetlands, Footslopes, and Valleysianéten
related to landscape issussich as impaired water sources or heavy agricultural and urban
development, sometimes in combination with intense local grazing pressure. Footslopes sites in
particular are subjed high levels of water quality stress based on multiple measures. Inagingites
in the Foothills, Montaa Zone, and Uintas generally hdees levels of water quality stresand most
stressisrelated to local (i.e., livestock grazing) rather than landscape factbesnajority of potential
water contaminantsare due eithe to the wetland water source atressorsoccurring within sites, so
buffers, even though they were generally wide, could not prevent all water quality degradation.
Recommendations to improve wetland water quality incliieimproving quality of wetlandiater
sources that are impaireq2) encourage land managers and private land owners to sustainably manage
grazing, offroad vehicle use, and other actie within and adjacent to siteand(3) obtain more dta
on the natural range of water quality pareeters at different wetland types so that wetland impairment
can be better understood. Almost ofihird of Utah Division of Water Quality stream assessment units
in the Weber River watershedre impaired for one or more uses; most of the common impairmeats
either be directly filtered (e.g., copper aird colj or indirectly improved (e.g., dissolved oxygen,
temperature) by wetlands. Wetlandse most effective at improving water quality when they are
located in watershesimpaired by norsourcepoint pdlutants and when they have intact soils and
structural components and do not receive pollutants exceeding their assimilative capacity.

Hydropattern alteratiorisvery common in the Wetlands and Footslopes, somewhat common in
the Valleys and Foothills, amélatively uncommon in the Montane Zone and Uintas. Sites in the
Wetlands typically receive water dibcor indirectly as the resulif wildlife management activities,
whereas sites in the Footslopes usually receive either irrigation return flows cagednvater to
maintain pasturelandRestoration of hydrology to a natural condition is extremely unlikplgrticularly
in the Central Basin and Rangmoregion,because hydrologic modifications are permanent fixtures on
the landscape. Many wetlands with altered hydrology provide important wildlife and water quality
benefits and some, such as passively managed stock ponds, may mimic the hydrology of natural
wetlands.

Wetlands that are minimally altered are relatively rare in Weber River watershed
particularly wetlands protected from water quality and hydropattern stressors in the Wetlands,
Footslopes, and Valleys strata and wetlands with undisturbed, predotinnative (>95% relative
native species cover) plant communities in all strata except the Uibéast disturbed wetlands across
the geographic range are worth protecting to provide baseline expectations for natural wetland
condition and functionandbecause these besiondition wetlands represent a unique piecge
biodiversity that cannot easilye replaced. Particular wetland types that are uncommon in the
watershed includevoody wetlands and emergent saturated wetlaridghe CentralBasin and Range
ecoregion andattail or bulrushdominated marshes irhe Wasatch and Uinta Mountaiesoregion.
Wetlands in the Footslopes and Valleys, where very little wetland arigea managed wetland class
may benefitmostfrom direct wetland preservation and/avetland easementdn most other strata,
much of the wetland area is owned by public entities or by land owners with Gogperative Wildlife
Management Unitswhich may make implemeimig management recommendatioreasier



The pilot multimetric index vas very successful at separating least and most disturbed sites and
was useful for identifying four important challenges to meet before the method can be more broadly
applied. First, subjective site selection must supplement random sampling to make atias th
appropriate sample of least and most disturbed s#es obtained Second, a statistical method of
dividing sites into good, faignd poor categories should be developed for ease of interpretation of
results. Third, a broader range of variables dddae considered for index developmemsuch as
invertebrate community data and water chemistry parameters. Fourth, we must determine the best
method of grouping sites so that groups are inclusive enough to provide an adequate sample size and
exclusive enogh so that sites within gups are comparable. Ecologicgk®m, hydrogeomorphic class,
and water regime sometimes, but not always, were useful for determining appropriate groupings. In the
CentralBasin and Rangeeregion classifications should be detepedbased on salinity and both
natural and anthropogenic hydrologic classes.

Data from this project and a concurrent U.S. Forest Service funded project on the northwestern
slope of the Uinta Mountains were used to verify and calibrate URAP. Some changes to the URAP
method weremade as a result of this projedtield survey resultwere also used in the development of
aGlolaSR fIFyRaOlFILIS aiGdNBaa Y2RSt FT2NJ I LINRP2SOG TFdzyR
Endangered Species Mitigation Fund, reported on elsewhdr&lRAP category scores and overall URAP
scores, analyzebly ecoregion, were at least weakfnd usually strongly correlated with at least one of
the hypothesized alternative measures of wetland condition. Nonetheless, individual metric scores are
more useful then metric summaries because tlaeg more indicativef healthy or stressed condition.
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1.0 Introduction

1.1 Project Background

Wetlands in theWeber River watershemhclude small ponds and springs in montane areas,
riparian meadows and willow stands in mountain vaslegnd extensive complexes of marshes, alkaline
depressions, mudflats, and playas along the shores of Great Salfllbase. wetlands have the potential
to provide important ecological services including wildlife habitat, water quality improvement, aodl flo
attenuation. The majority of wetland area is concentrated on the edge of Great Salt Lake; these
wetlands support millions of migrating and nesting birds, including some of the largest breeding
populations of whitefaced ibis and American white pelicanghe world(Paul and Manning, 2002
Weber River watershedetlands support native amphibian species, includimgealy reintroduced
population of Columbia spotted frd@ailey and others, 2008)Vetlands can help protect istream
water quality to support native fish species suctBasneville cutthroat troutind bluehead sucker and
to preserve recreational fishing opportunities, including at the five Blue Ribbon Fisheries located in the
Weber River watershe@Weber River Partnership, 2014)

Anthropogenic disturbances have the potaitio affectwetland caondition and their ability to
provide ecological service8bout 8% of th&Veber River watershei$ developed land mostof the
populationis concentrated in the Wasatch Front between Great Eake and the Wasatch Mountains
andanother 8% of the land cover is agricultidomer and others, 2015)ivestock grazing is common
on the largely privately owned land in the watershed; resource extraction is less common but
concentrated in a few areaMany reservoirs and streams in the wateesl are not meeting water
quality goals (Utalivision of Water Quality, 2014b anfland hydrologic modifications such as
reservoirs, groundwater withdrawal, and diversions are common. However, little work has been
conducted to evaluate the extent to whid¢hese anthropogenic disturbances impact wetlands in the
region.

The Utah Geological Survey (UG#Eh a grant from the U.S. Environmental Protection Agency
(EPA)conducted an assessment of wetlands in Weber River watershetb provide data on the fge
and condition of wetland® the study areaThis data can provide an important baseline to evaluate
future condition as land use in the watershed continues to chatigepopulation is expected to double
between2000 and 2050 (Utah Foundation, 201ad agriculture land use is projected to decrease by
50% (Utah Division of Water Resources, 2008y.project had four major objectives including
summarizing fielebased wetland information to provide an update on current condition and potential
concernsproviding data for the calibration and validation of assessment methdelseloping a pilot
multi-metric index to more robustly evaluate wetland conditiamd summarizingnapped wetland data
andthe results of a landscape stress model to better underdténe landscape setig of wetlands in
the watershed

1.2 Overview of Wetland Assessments
1.2.19 t ! Téréetiered Framework

The work @scribed in this report followd K S 9 t -tieréd franfendek$o assess wetland
condition at varying spatial scalestHievek of intensity(U.S. Environmental Protection Agency, 2006)
Levell assessments are conducted at the broadest scale ggiagraphic information systems (GIS) and
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remotely sensed data to evaluaéxpectedvetland condgtion based on surrounding land use, potential
stressors, and other inputs. Theassessments are relatively inexpensive and efficient for evaluating
wetlands across broad geographic areas, dartnot provide data oactualcondition and are limited to
incduding only stressors with available spatial datavelll assessments afeeld surveys designed to be
relatively rapid épproximatelyfour hours of field timeper site andare only moderatelydetailed, often
relying on qualitative rather than quantitative evaluation. These assessmetanize the amount of
field sites that can be surveyed and the strengtlinéérence, butmethodscan be difficult to develop
and calibrateLevellll assessmedn are more detailed quantitative field evaluations that have the
highest degree of reliability and can withstand the most scrutiny, but at the expense of requiring the
most professional expertise and sampling time. These assessments often use invertplanstte
community, or water quality parameters to develop indices to distinguish betvies and high quality
sites and can sometimes be used to evaluate or calidratell and Il assessments.
1.2.2ConditionVersus FunctioAssessments

The assessment®nducted for this project are primarily intended to evaluate the condition,
rather than the function, of wetlands. Wetlands in good conditothibit species composition, physical
structure, and ecological processing within the bounds of states expecateydtems operating under
natural disturbance regimgdéemly and Gilligan, 2013)irect or indirect anthropogenidtaration may
lead to a change in these statasd a concomitant lowering of the overathndition of the wetland. For
conditionfocused assessmentsgtlands are evaluated to determine the degree to which they deviate
from a reference standard, or anthrogenically unaltered, wetlandFunctional assessmentsn the
other hand, evaluate services provided by wetlands that are deemed important to sasiety as the
ability to attenuate flood wates or provide wildlife habitafFennessy and others, 200¥any seversl
altered (i.e., low condition) wetlands still provide functional servifmsexamplea wetland adjacent to
awastewater treatment plantan improve water qualityand anartificially impoundedeservoir can
provide amphibian habitatMVetland processesannot be easily reduced a few functional services,
andsomeservices provided by naturally functioning wetlands have not yet been recognized or valued
by society. Condition assessments serve as a buffer against the subjectivity of societal valuation of
services by evaluating wetlands based on a naturally functioning baseline.
1.2.3Reference Standard

Reference standards are an important component of condition assessments. The reference
standard condition is the condition that corresponds with the gesatcological integrity within the
continuum of possible site conditiofiSutula and others, 200@nd is usually specific to a particular
class of wetland (e.g., montane meadow, saline depressidm® reference standard condition can refer
to the expected state prior to any anthrogenic disturbance or at a epified historic point in timeor it
can refer to the condition found at the least disturbed sites within the survey area or wetland type
(Stoddard and others, 20068)Ve used both types of reference standards for this project, using pre
European settlement conditioas the standard for theevelll rapid assessment and least disturbed
condition as the standard for thieevellll mult-metric index development.
1.2.4 Wetland Classification

Wetland classification is helpful because appropriate classifications ensure that only similarly
situated sites are compared to one anoth&he only available spatial wetland data for the state, the
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National Wetlands Inventory, is classified using.30 CA &K | Yy R sChviaRih A FS { SNIIAOS

classificatiorscheme, whiclseparates wetlands and deeyater habitat intothree systemsn Utah
(riverine, lacustrine, and palustrine) that are further disl based on substrate material, predominant
overstory lifeform, water regime, and other modifie(€owardin and others, 1979)herefore, weonly
usead the Cowardin classiation scheme to select wetlands for our survey sample frame andriduct
the Levell landscape analysis.

We classified wetlands using both hydrogeomorphic (HGM) and Ecological Systems
classifications to set the context for expected condition of wetlands during field assessimtaats.
anticipated natural state of a wetland depends in large part on its majdnidef characteristics, such as
location (e.g.in an isolated depression or along a rivierarid desert or snowy mountaipsrhe HGM
systemclassifies wetlandas one of seven typdsased on hydrology and geomorpholggycluding
slope, depressional, amiVerine wetlandgBrinson, 1993)HGMV classes are useful for setting the
expected condition for hydrologic attributes such as water retention time, nutrient cycéipgcity and
hydroperiod The International Terrestrial Ecological Systems Clagsific(Ecological Systems),
developed by MtureServe classifies terrestrial systems basedwagetation patterns, abiotic factors,
and ecological processé@sttp://explorer.natureserve.org)fifteen wetland and riparian Ecological
Systems have beeatescribedfor the state of UtahEcological Sysmsare useful for setting the
expected condition of structural elements of wetlandach as theelative cover of woody versus non
woody plant species andhe amountand type of litter and woody debris.

We also used classification to organize wetlamtis groups for analysis and reporting so that
differences within groups/ere more likely to be driven by anthropogenic disturbances rather than
naturalfactors We almost always conducted separate analyzes for wetlands in the two major Omernik
Levellll emregions in our project area, the Central Basin and Range and the Wasatch and Uinta
Mountains.The four hierarchical ecoregidevek divide the landscape into geographioalts based on
biotic and abiotigroperties includingthose related tageology, physiography, vegetation, climate, soils,
land use, wildlife, and hydrolog¥dmernik, 1987)We combined the Wyoming Badievellll ecoregion,
which was a very small percent of the study aa@a only included one surveyed sitgith the Wasatch
and Uinta Mountaingcoregionfor analysisWe alsoconsidered the more detailedevellV ecoregions,
the Cowardin water reginse the HGM clags and the Ecalgical Systeiswhen determining how to
group sites, trying to minimize naturariability within classes while avoiding the creation of too many
classes.

1.3 Project Objectives
1.3.1 Objectivel: Condition Summarization

Our first objective was to provide information on the status of wetlands intteber River
watershedto createa baseline ando provide potentially useful information for water quality
specialists, wildlife managers, conservation and restoration spesjaisti others with an interest in
wetlands and watershed¥Ve used the draftytah Rapid Assessment Proced(s&kAPjo collect field
data onwetland conditionin the Weber River watershedJRAP was developed the UGS in early 2014
after field surveys were undertaken to compare three different rapid assesspmetucols including
the Utah Wetlands Ambient Assessment Meth{gtbven and Paul, 201 protocol used by the EPA as
part of the 2011 National Wetland Condition Assessmemiy.epa.gov/wetlands/survey and a

3


http://www.epa.gov/wetlands/survey

protocol used by the Colorado Natural Heritage Prog(eemly and Gilligan, 201Bxased on the

Ecological Integrity Assessment developed by NatureSEateerLangendoen and others, 2008he

core of URAP islaevelll assessment composed o$eries of meticsdesigned tallow surveyors to

quickly evaluate important and visibly apparent aspects of wetland condition. The protocol also includes
a substantial amount of supplementary data collection, including a soil profile, observations of stressors
observedat and surrounding the survey sitgetailed plant community composition datand cover of
structural (e.g., woody debris, boulders, seeps, etc.) and ground cover (e.g., litter, bare ground, algae)
features. This additional data can be used to evalulhgertlationship between metric scores and site
measures and to better characterize wetland states.

The reference standard condition fthe URAP metricis adopted from Colorado Natural
I SNR GF 3S cologRabIMdgVyOEsessmenthichsets astandrdo I a SR 2y AGRSOALF GA2Y
natural range of variability expressed in wetlands over the pasted@Dyears (prior to European
aSiadft qpedlyandiligan, 201Reference standard condition is ideally determined from field
observations of undisturbed or minimally disturbed wetlarids., reference standard sitedjutthere
can be too few undisturbed sités some highly altered landscape determine tie natural range of
variability.Because of this, reference standards for URAP were developed basecbombination of
field observations from minimally disturbed wetlands, review of relevant literature eaadliation of
conditions described irapid assessment protocols from other statesr some URAP metrics, surveyors
are required to evaluate wetland condition in relation to expectations for either the HGM (ftatss
hydrologic metrics) or Ecological St (for metrics related to litter).

Survey results were analyzed to provide information on the status of wetlands in the study area,
including evaluation of the types and commonness of stressors in the landscape, summarization of rapid
assessment survegsults, and characterization of wetland vegetation. URAP condition metrics are
presented on their own, summarized within categories, and summarized together to provide an overall
condition score. Numeric metric scores were converted to ranks, letter gradiesough Dfo denote
wetland condition ranging from pristine or reference condition to severely altered wetlands that may
have little conservation value amday be extremely difficult to restore @ble 1).Categories and
descriptions of metrics used in URAP are shown in table 2. Plant community cdopdaita was used
to calculate Floristic Qualitys8essment (FQA) metrics. These metrics aggregate composition data into
indicesbased on number of specie®,LJSOA SAQ yIGAGAGEeY aLSOASaQ NBfIGA
species coverRocchio and Crawfor@013 Rocchig2007)

1.3.2 Objective 2Method Verification andCalibration

Our second objective was to produce ddhat could be used teefine wetland assessment
tools and evaluate their effectivened3ata from this project and a concurrent U.S. Forest Service
funded project on the northwestern slope of the Uinta Mountains were used to verify and calibrate
URAPVaeification is ageneral assessment of whether metrics are measuring wetland condition as
intended, and calibration is the determination of the scientific validity of metrics through correlation
with more intensive measures of conditi¢8utula and others, 2008)Ve verified individual URAP
metrics by analyzing relationships between metric values and other simdasures whenever possible
and through discussion with fieklrveyorgegarding how well metric states captured observed field
conditions. We also verified the robustness of plant community composition data by comp&ihg
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Table 1. Definition of assessmt ranks and associated point values used for scoring Utah Rapid
Assessment Procedure. Definitions are taken from Lemly and Gilligan (2013).

Rank | Score | Definition

Reference Condition (No or Minimal Human Impact): Wetland functions within the bounds of ng
disturbance regimes. The surrounding landscape contains natural habitats that are essentially
unfragmented with little to no stressors; vegetation structuredaromposition are within the natural
range of variation, nonnative species are essentially absent, and a comprehensive set of key sj
are present; soil properties and hydrological functions are intact. Management should focus on
preservation and protdn.

Slight Deviation from Reference: Wetland predominantly functions within the bounds of natural
disturbance regimes. The surrounding landscape contains largely natural habitats that are minil
fragmented with few stressors; vegetation struatland composition deviate slightly from the
natural range of variation, nonnative species and noxious weeds are present in minor amounts,
most key species are present; soils properties and hydrology are only slightly altered. Manager
should focus orthe prevention of further alteration.

Moderate Deviation from Reference: Wetland has a number of unfavorable characteristics. The
surrounding landscape is moderately fragmented with several stressors; the vegetation structur
composition is som&hat outside the natural range of variation, nonnative species and noxious
weeds may have a sizeable presence or moderately negative impacts, and many key species ¢
absent; soil properties and hydrology are altered. Management would be needed to maintain
restore certain ecological attributes.

Significant Deviation from Reference: Wetland has severely altered characteristics. The surroul

landscape contains little natural habitat and is very fragmented; the vegetation structure and

D 1 compositionare well beyond their natural range of variation, nonnative species and noxious weg¢
exert a strong negative impact, and most key species are absent; soil properties and hydrology

severely altered. There may be little long term conservation valueowtthestoration, and such

restoration may be difficult or uncertain.

metric valuesvith and without lowcover plant species andetric valuescollected at different spatial
scalesSome changes were made to the draft URAP protocol based on inputiétohsdirveyors
including modified descriptions of metric stat&/e developed methods to combine individual metrics
into categorical and overall scores based on calibration stithssor and plant community cqrosition
data. Results presented in this regaise the final scoring methods developed through the calibration
process. Details of method verification and calibration aespnted in apendix A

Once a final scoring method was developed, URARItswere used in the development of a
GlsoFaSR fFyRaOlILS aiNBaa Y2RSt F2NJ I LINR2SO0 TFdzyR¢
Endangered Species Mitigation Fund (Menuz, P).IHe landscape stress model is arB@esolution
raster file depictinghe potential degree ofvetland stress across the landscape based on geospatial
predictors hypothesized to be associatedh wetland disturbancesuch as urban land cover and
hydrologic modification. Each predictor wassaned a weight based s probalde severity anch
decay functiorbased on the distance at which tipeedictorwas assumed to no longer impact a site.
Selection of predictor weights and decay functions and of a final method to combine predictors into an
overall stress scoreere calibrated with URAP scores and plant community composition data from the
Weber River watersheproject. Details of model development and calibration are presenteithén
model report(Menuz,201%).

In this report, we analyze the strength of relationships betwabthreelevek of data, including
landscape stress model values, fiblalsed stressor data, rapid assessment scores, and intensive plant
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Table 2Metricsevaluated by the Utah Rapid Assessment Procedisted undemetric categories
Some metrics arevaluated directly within the assessment area (AA), some in areas surrounding the AA,
and some take into consideration both local and landscape factors.

Metric | Description

Landscape Context

Percent of 500 m buffer surrounding AA that is directly connected tqg

Percent Intact Lan .
erce act Landscape and composed of natural or sematural (buffer)land cover

Percent Buffer Percent of AA edge composedhfffer land cover

Buffer Width Mean width of buffer land covedevaluated up to 100 m in width)

Soil and substrate condition within buffer (e.g., presencarafatural

Buffer Condition Soil and Substrate bare patches, rutsetc.)

Buffer ConditionVegetatiorJf Vegetation condition within buffer (e.g., nativity ofespes in buffer)

Connectivity Whole Wetland Edge Hydrologic connection between wetland edge and surrounding
landscape

Hydrologic Condition

Hydroperio& Naturalness of wetland inundation frequency and duration

Timing of Inundatioh Naturalness ofiming of inundation to wetland

Visual evidence of degraded water quality, based on evidence of

Turbidity and Pollutanfs twrbidity or pollutants

Evidence of potentially problematic algal blooms within AA (evaluate

Algae Growth both in water and in a¥as with large patches of dried algae)

Water Quality Evidence of water quality stressors reaching AA or within AA

Connectivity AA Edge Hydrologic connection between AA edge and surrounding landscape

Physical Structure

Substrate and Soil Disturbance Soil disturbance within AA

Vegetation Structure

. . Number and degree of interspersion of distinctive vegetation patches

Horizontal InterspersmAn o
within AA

Litter Accumulatioh Naturalness of herbaceous litter accumulation within AA
Woody Debrig® Naturalness of woody debris within AA
Woody Species RegeneratFo‘h Naturalness of woody species regeneration within AA
Plant Species Composition
Relative Cover Native Species Relative cover of native species (native species cover / total cover)
Absolte CovemNoxiousSpecies Absolute cover of noxious weeds

'Buffer metrics are combined into one overall buffer score

Evaluated with respect to similar wetlands within hydrogeomorphic class

3OnIy evaluated when water is present at sites or when Ipagehes dry algae were present at sites
*Only included in scoring for some Ecological Systems

°Evaluted with respect to similar wetlands within Ecological System

6OnIy evaluated when woody debris and woody species are expected at sites

composition metris. This analysis is not an independent assessment of methods because data from
each method was used in the development of other methods. Nonetheless, comparison bdévebn
of data is helpful to better understand the strengths and weakness of each mhethdto identify
potential areas of future method improvement.



1.3.3 Objective 3: MultMetric Index Developmén

Our third objective was to develop a pilot muitietric indexto more intensely assesgetland
condition.A multimetric index is d.evellll tool for assessing wetland condition that combines several
guantitative metrics together to form a singlmitless measurelhe component metricare each
individually responsive tanthropogenic alterations, often capturing different aspects of atkiait may
respond todifferent types of impactshe use of multiple metrics increases the reliability and often the
strength of the index compared to use of a single md#fiarse and others, 2006)lulti-metric indices
are developed by testing metricad metric combinations that maximize the distinction between
reference standard and highly disturbed sitAsmultimetric index can identify wetlargithat arein
good condition in spite of unnatural alterations, due perhaps to system resilience or effecti
management, because those wetlands have index values similar to reference standard sites. URAP
would likely assign lower scores on some metrics to such wetlands based solely on the altered state of
the wetland. Multimetric indices are more reliable asdientifically defensible for characterizing
individual sitesMulti-metric indices can also help determine the critical values at which stressors such
as nutrient loading or livestock grazing alter a site from good to poor condition.

We developed a mulmnetric index on a subset of sites to experiment with different
development strategies and determine the scope of data needs before applying development to a larger
group of sites. The reference standard condition Wesleast disturbed condition, the cdition of
those wetlands within the study groupat were subject to the least amount of stress, rather than the
pre-European settlement state used as the standard for URAP. Least disturbed condition is easier to
characterize than pr&European states becaa extant exampleare on the landscapeand least
disturbed condition is a more realistic restoration or conservation gidad.index was developed using
plant composition metricbecause plant composition data represents an integratiomfmirmation
about recent and orgoing disturbances, even those that are not readily apparent during field surveys
(e.g., water quality disturbances, late season grazWgg .developed the index using the broadest
possible group of sites where differences in vegetatiompgosition between sites did not depend on
natural site attributesWe wantedto ensure that multimetric index thresholds were appropriate and
potentially obtainable foall wetlands within the group; it is not useful to apply thresholds developed in
the Uinta Mountains to wetlands in migdnontane agricultural valley®Ve loosely followedhe multi-
metricindex developmenproceduredza SR G KS 9t ! Qa Dbl GA2ylFf@UBSGT I YR
Environmental Protection Agenawp, review, thoughwe had a much smaller sample size of sites and
had to modify many aspects of the proceduféis exploratory mulimetric index development will be
expanded and refinedith additional data from sitesurveyed using URAP or similar protocols.

1.34 0Objetive 4: Landscape Analysis

Our fourth objective waso apply aLevell landscape analysis to all wetlands in tveber River
watershedto help identify potentiallyrare, unprotectedand threatenedwetland typesSome important
wetland attributes can bewaluated directly for the entire wetland population using geospatial data
rather than inference from the relatively small number of sites with field surd&gslooked at three
important wetland attributeswetland type wetlandownership and wetland streslevel Wetland
types were identified based on Cowardin systems (emergent, shrub/sandaquatic bed, Cowardin
water regimes, and locatiorelativeto stream and lakes. These attributes help separate different
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wetlands based othe potential to provide wildlife habitat and potential to contribute to water quality
improvement or degradation. Analysis of the abundance of wetland typekgvet|V ecoregions can
help identify rare wetland types and areas that may be lacking suitatigdt for some wildlife species.
Wetland ownership was categorized based on the major ownership types within the study area,
including state wildlife areas, other state lands, national forest lands paivate landData on wetland
ownership provides inght into how wetlands are likely to be managed and camised to prioritize
conservation through identification of areasth very little formal wetland protectionWetland stress
levek were estimated using values from the landscape stress model dedelypMenuz (2015,
described above. Wetland stress datare analyzed in conjunction with wetland type and wetland
ownership data to determine the most threatened wetland types and potential management or
conservation opportunities.

2.0 Study Area

2.1 Geographic and Ecoregional 8mg

The study area for this project was tkiéeber watershedas defined by the U.S. Geological
{ dzNJZ S & OsdigitHydrdbgidUnit Code [HUC6] 160ZB8p://nhd.usgs.gov/wbd.hml, figure 1)
The watershed has an area of approximately 6432 &mal about 99.7%f that area is located in Utah.
The remaining area, located in Wyoming, wasinoluded in this studyThe waershed is bordered by
the Wasath Range to theast,the Uinta Mountains to the southeasthe Bear and Monte Cristo
Ranges to the northand Great Salt Lake to the weStreams and rivers originate in montane
headwaters and flow through mmtain valleys and canyons to reach the Wasatch Frbiné Wasatch
Front isa flat, fertile plae formed by alluvial deposits fro Lake Bonneville (Woods and othe2801),
an ancient lake that covered roughly 51,800%khthe Great Basin until approximately 14,500 years ago
(Oviatt, 1997)The watershed terminates at Great Salt Lake, a-bajmity terminal lake on the eastern
edge of the Great Basin that is a remnant of Lake Bonneville.

TheWeber Rivewatershedis composed othree OmernikLevellll ecoregionsthe Wasatch and
Uinta Mountaing82.2% of areathe Central Basin and Ran(fe.7%)and the Wyoming Basin (2.1%)
and eleven levellV ecoregiong{Omernik, 1987]table 3) The Wasatch and Uia Mountains and
Wyoming Basiecoregions are collectively referred to as the montane ecoregion in this report and the
Central Basin and Rangeogegion is referred to as tHeasin andrangeecoregion

The Wasatch and Uinta Mountains are composed of lytgttiated and partially glaciated
mountains, dissected plateaus, foothills, and high elevation val&y®{s and others, 20)1Plant
communities range from alpine meadows above timberline, subalpine anetleidtion forests
composed of firsAbiesspp.) Engelmann spruc®icea engelmannijijodgepole pineRinus contorta)
ponderosa pineRinus ponderosaand aspenKopulus tremuloidesand semiarid foothills with a mix of
pinyonyjuniper woodland, sagebrugirtemisiaspp), and Gambel oafQuercus gmbeli). The most
land cover change in the ecoregion has occurred in mountain valléyse sagebrush and other shrub
species havbeenconverted to irrigated cropland and pastureland. Wetlands within the ecoregion
include headwater meadows and shrublaridemed from groundwater and snowmelt, lowetevation
riparian areas, springs and seeps, anuhll often excavatedepressiongrequentlyused for watering
livestock.
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Figure 1. Overviewnap of the Weber watershed, including municipalities, major straaand reservoirs,
and primary wetland management reserves.

Though less than onfifth of the watershed, theCentral Basin and Rangeoregioncontains the
majority of wetlands in the study areMost wetlands occur on the eastern shore of Great Salt aake
many are highly managed for waterfowl production by the Utah DivisiMitiflife Resources through
systens of canals, control structures, and impoundmerf&ant communities vary dependirgn water
management and thavailability and duration direshwater. Bilrush Schoenoplectuspp.), cattails
(Typhaspp.), common reedRhragmitesspp), and submerged aquatic vegetation (prima8lyuckenia
spp.) are common in emergent marskesd artificial impoundments Mountain rush Juncus arcticus
ssp.littoralis), and spikerushegEleocharispp.)are commonlyin seasonally flooded areas. Barren and
sparsely vegetated playas, salt flats, and mudflats also occur throughout tharmidevesalttolerant
plant species includingickleweed $alicornisspp.) and saltgras®istichlisspp.).Land between the
Great Salt Lake wetlands and the Wasatch Mountains is predominantly urban withreomant
wetlands andrrigated pastureland and cropland.

2.2 Climate andHydrology
TheWeber River watershedeceives more precipitation than any other major basin in Utah and
has the second highest ratio of water yield to land area (Utah Division of Water ResourcesTB809).
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Table 3. Summanyf ecoregionatharmcteristics in the Weber watershed fag\el 11l and NDmemik
ecoregionswith the amount of area occupied by each Level IV ecoregion within the study area.

Information adapted from Woods and others (2001). Strata groupings indicate how each ecoregion wa

combined to form final strata (see text).

Level lll

Level IV

Area

Ecoregion Ecoregion (kmz) Geography Plant Communities Stratum
Glaciated areas above
Alpine one 22 | timberline (~3300 m) in the Meadows and rockland Uintas
Uinta and Wasatch Mountains
. ngh el_evatlon_(~3OOQ 1o Engelmann sprucéd{cea
Uinta timberline) regions with - .
. . : engelmannii) lodgepole pineRinus .
subalpine 104 | glaciated basins, deep canyons o . Uintas
. . contorta), subalpin€ir (Abies
forests and lakes in the Uinta .
: lasiocarpa
Mountains
Mid- Middle elevation (~2403000) | Douglasfir (Pseudotsuga menziesii
elevation regions with glacial features an{ ponderosa pineRinusponderos, .
. 605 . . . Uintas
Uinta deep canyons with perennial aspen Populus tremuloides)
Wasatch Mountains streams in the Uinta Mountains| lodgepole pineR. contorta)
?/Inodugtlgitss Wasatch Douglasfir (P. menziegij aspen .
Forested mountains and platea| tremuloides) Engelmann spruceé( Montane
montane 864 | . . .. o
zone in the Wasatch Mountains engelmannii) subalpine fir (A. Zone
lasiocarpa
Mountain Unforested terraces, flood SagebrushArtemisia trldent_at_e);
457 . . now mostly rangeland and irrigated Valleys
valleys plans, alluvial fans, and hills
cropland and pastureland
Juniper treesJuniperuymixed with
Semiarid Drier woodiands and strubland 2 0 C1 OO R
. 3223 | between ~150Gnd 2400 m in . g Foothills
foothills . mountain mahoganyQercocarpus
elevation .
spp.), some ponderosa pinke (
ponderosa at higher elevations
Foothill
Wyoming Shrublands 68 Hilly area in theain shadowof Bunchgrasses and sagebrush Foothills
Basin and Low high mountains (Artemisia tridentatd
Mountains
Moist . R
Gently sloping area fed by Urban areas with irrigated crops
Wasatch ; . )
Front 670 | perennial streams and including vegetables, alfalfa, and Footslopes
agueducts small grains
footslopes
Shadscale Internally-drained, gently ShadscaleAtriplex confertifolid,
dominated 1 sloping to flat arid region with | greasewood $arcobatus Wetlands
saline basins highlysalty and alkaline soils vermiculatu3
Central - - -
Basin and Nearly level, internaligrained, | Barren or sparsely vegetated with
mostly barren, arid playas, salt | salttolerant plants such as Salicorni
Range Salt eeserts 178 . . ! Wetlands
flats, mud flats, and saline lake§ (Salicorniaspp.) and saltgrass
with poorly drained clagoils (Distichlis spicata
Bulrush §choenoplectuspp.),
Poorly drained often salty soils | cattails Typhaspp.), common reed
Wetlands 25 inundated with freshwater to (Phragmitesspp.), and submerged Wetlands

create important habitat for
migratory birds

aquatic vegetation (primarily
Stuckeniaspp.) with areas of open
water
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majority of precipitation occurs in the higher elevation foothills, mountain valleys, and mountains, which
receive between 55 and 91 cm of precipitation per year; most as snowfall (Daly and others, 2008). Areas
along the Wasatch Front and on the edge of GreatlSade receive between 44 and 47 cm of
precipitation.Mean annual temperatures in the study area range from 3.3°C in the Uinta Mountains to
between 5 and 7°C in the migevation mountains anchountainvalleys and around 11°C along the
Wasatch Front and Ga¢ Salt Lake.

The majority of the watershed drains to Great Salt Lake via the Weber River, except for the
southwest sectiorfapproximately 9% of the total argahichdrains directly from the Wasatch
Mountains to Great Saltake.The Weber River starts the southeast of the watershed in the Uinta
Mountains at an elevation of 3579 m and flonarthwest through the valleys of Henefer and Morgan,
and then through Weber Canyon to the city of Ogden. The Ogden River, flowing from its headwaters in
the Monte Crsto, Wastch and Bear RiveraRges, joins the WebdRiverin Ogden. The natural path of
the Weber River then continues westwetlands on the shore of Great Salt Lake at approximatel 126
m. The east shoref Great Salt Lake was historically a river @elhough nowdepending on water
needs and time of year, water is sometimes diverted to Willard Bay reservoir or pumped through canals
to other areas\\VeberRiver Partnership, 2014nd large amounts of the flow has been channelized or
impounded.The WebeRiver accounts for approximately 20% of the surface flow and 13% of the overall
inflow to Great Salt Lak@rnow and Stephens, 1990)

TheWeber River watershebas been modified to help providens™> 2 F | GF KQa RNAY | A
irrigation water (Weber River Partnership, 20180 major dams were built in the watershed in the
1920s and 1930s including Echo Dam on the Weber River and Pineview Dam on the Ogd@&veRarer
River Partnership, 2014). TheS. Bureau of Reclamation enlarged Pineview Dam and constriinted
dams and reservoirs, three diversion dams, two aqueducts, one tunnel, four canal systems, and two
power plants between 1953 and 1969 as part of the Weber Basin Project (McCung, ZB6g are
now two major reservoirs on the Weber River, Echo and Rockport, and six nifaitauty
impoundments Smithand Morehouse, Lost Creek, East Canyon, Willard Bay, Causey, and Riras/iew
well as many minor impoundmeng8VeberRiverPartnership, 2014)Waer storage volume in the
watershed is jusbelow 600,000 acrdeet (Utah Division of Water Resources, 2009).

2.3 Wildlife

The most wetknown and extensive aquatic habitat in tiiéeber River watersheis in the Great
Salt Lake wetlands, which extend redpthe western edge of theratershed and outside the watershed
to the north and southMillions of birds, including twehirds of alk A f & 2 y Qa RRE&drdpusNR LIS& 0
tricolor) and half of aleared grebesRodiceps nigricolljsuseD NB | { { Weditlainds fol njigBafioa
habitat betweennorthern breedinggrounds and winter locationg hesewetlands also support large
populations of breeding birdgehl Jr., 198%aul and Manning, 2002 ¢ 2 & LIS OA&&mat i KI &  dzi |
Salt Lake wetlandsyhite pelicangPelecanus erythrorhynchiosnd longbilled curlew Numenius
americanu} have been designated as wildlife species of concern by the state of Utah due to declining
nesting populations caused by habitat alteration, increased disturbance, and increased predation (Utah
Division of Wildlife Resources, 2011).

Higher in the watershedivers, streams, and reservoirs provide habitat for native fish species
though nonnative fish species a@soabundant and often dominate larger streams and most of the
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lakes(McKell and Schaugaard, 2009)vo fish species that receive special managetin Utah under a
state Conservation Agreement, bluehead suck&atdstomus discobat)l and Bonneville cutthroat trout
(Orcorhynchus clarkia utghare alsan the watershedMcKell and Schaugaard, 2008}hird
Conservation Agreement species, the least chatichthys phlegethontjs has been extirpated (Bailey
and others 2005).

Wetland habitat isalsoimportant for amphibian species in th&Weber River watershed
including nonnative American bullfrog=Rana catesbeianpand native chorus frod®6eudacris
maculaté, northern leopard froglithobates pipiens and tiger salamandeA(mbystoma tigrinum
Historically, both the Columbia spotted frdggna luteiventris a Conservation Agreement species, and
Western toad Bufo boreal a Utah Species of Concern, occurred in the watershed. The only currently
confirmed population of either species is a single Columbia spotted frog population that was introduced
to Swaner Nature Center in Park City in 2004 (Baitelyothers, 2006).

2.4LandOwnershipand Land Use

Landownershipwithin the Weber River watersheid 78.2% privatel5.7% federabnd 6.0%
state, based on GIS calculations using data fromAhmated Gegraphic Reference Center
(http://gis.utah.gov/data/sqgidcadastre/landownership. Within the basin and rangecoregion51% of
the land near Great Salt Lake is statened Sightly over half of theemainingareais privately owned
including privately owned dikcclubs and conservation preserv@ie Wasatch Front region is almost
95% privately owned. In thontaneecoregionas elevatiorincreass, private ownership decreases
mountain valleys (97% privateemarid foothills (86% private))Vasatch (75% privateandUinta
mountains(49% private). The state owns abotdf the land ithe montaneecoregion. Much of the
private land is enlisted @ooperative Wildlife Management Units (CW8LUI he CWMU program
incentivizes landowners to preserve and manage land for wildlife and to create public hunting
opportunities in exchange for the right to privately sell hunting permits. CWMU landownersamitest
a management plan with the assistance of a state wildli®olgist and must have a minimum of 5000
contiguousacresto enroll in the program.

As of 2010, approximately 92% of the population in\ttieber River watershedasconcentrated
along the Wasatch Fronttah Division of Water Resas, 2009) municipalities stretchfrom Bountiful
in the south to Willard in the arth. Ogden is the largest cityith 77,226 peopleand two of the fastest
growing citiesn Utah West Haven and Hooper, are located in the watershed. In the montane
ecoregion, Park City has thedast populationat 7371 None of the other towns in the mountain
valleys havgopulations ove2700 (Utah Division of Water Resources, 2009). Development accounts for
7.7% of the land cover overall in the watershed, including 58% of the Wasatch Frasiofestand 10%
of the mountain valleysHomer and others, 20)5These two areas also each had about-tmnel
agricultural land coveAs of 2007, approximately 7.8% of the watershed was used for agricolture
367 knf of irrigated land and 135 kfof norvirrigated land (Utah Dision of Water Resources, 2009).
Pasture is the most common agricultural use, followed by alfalfa and hay produtkierremaining
land coverin the watersheds predominantlyopen water, wetlands, barren and scrshrub in thebasin
and range ecoregioand forest and scrushrub in themontane ecoregionMuch of thenon-
agricultural, nordeveloped land is used as rangeland
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Major resource extraction is limited to a few areas of the watershed. Past and current oil and gas
developmaent is largely restricteda the Chalk Creek drainage aswime development near tributaries to
Echo Creelhftp://gis.utah.gov/data/energy/oitgas)). The largest concentration of historic mineral
YAYAY3A 2LISNIGA2Yya NBO2NRSR Ay !'{FK S5Ag@Aairzy 27
found near Park Cityynda smaller cluster of abandoned minesiear Echo ReservoRR( Williams, Utah
Division of Oil, Gas, and Miningnpublished information, 2005 Mineral mining is now uncommon in
the watershed, though major clay, rock, and limestone quarries are Idaatthe northern Wasatch
Frontalong several montane sections of the Weber Rivel mear Rockport Reservolrarge
evaporationponds have been built on the lakebed of Great Salt liakiee watershedor the
production ofmagnesium chloride, sakind potash

Recreation is another important land use in the watershdte mainstem WelreRiver is the
second most visited stream fishery in Utaind theWeber River watershesupports five Blue Ribbon
Fisheriesmeaning that these waterbodies hawget criteria for high quality fishing, outdoor experience,
fish habitat and economic benefit@Veber River Partnership, 2014)aterfowl hunting and bird
watching are popular along Great Salt Lake. Other recreation opportunities include big game hunting,
boating in lakes and reservoirs, skiing, and hiking.

2.5Water Quantity and Water Quality

The combinedpopulation of the four counties that make wpe majority ofWeber River
watershed Weber, Davis, Morgan, and Summigrew 23% between 2000 and 2010 angrigjected to
double between 2000 and 2050 (Utah Foundation, 20i#y://gomb.utah.gov/budget
policy/demographieeconomicanalysi$. Even with incremental water conservation leading to 25%
water savings by 205€he Weber River watersheid projected toface adeficit of public community
water supplies of 37,331 acffeet by 2060, though agricultural water use is projected to dedhirthat
same time periody 147,600acrefeet (Utah Division of Water Resources, 2009). Surface water in the
watershed is fully appropriated and new groundwater appropriations are very restricted; wells along the
Wasatch Front show a declining trend in groundwagések (Utah Division of Water Resources, 2009).
Even with transfers of existing agricultural watehtgyto municipal rights, the growing population is
likely to have an impact on water availability in aquatic and wetland systems. Water may be moved from
the Weber River or East Canyon Reservoir to Park City, resulting indéssam flow (Utah Divisioaf
Water Resources, 2009nd diminished irrigation return flows may affect wetlands on the shore of
Great Salt Lake. Furthermore, continuing trends in decreasing groundies&s could impact
groundwaterdependent wetlands.

Water quality in theeberRiver watershedhas been affected by agriculture, resource
extraction, hydrologic modification, habitat modification, and, to a lesser degree, construction, point
source dischargers, and urban runffpole, 201). Only 14 of the 87 water quality streamsassment
units in the watershed were designatedfully meeting water quality standards, whereas 27 were
designated as impaired and 38 had insufficient data with at least some record of exceedanbes (Uta
Division ofWater Quality, 2014b The most commompairments were copper and impaired
macroinvertebrate communities, followed by dissolved oxydergolj temperature total dissolved
solids, and pHRineview, East Canyon, Rockport, and Echo Reservoirs are all listed as impaired for
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temperature Echo ad Rockport also impaired for dissolved oxy@gei/or phosphorus (Utabivision
of Water Quality, 2014c

3.0 Study Design and Survey Methods

3.1 SiteSelection
3.1.1Target Population an8ample Frame

The target population for this study was vegetaggustrinewetlands within theWeber River
watershedthat were at least 0.1 ha in siZ&/etlands are areas that receive periodic substrate saturation
or inundation, which often results in distinctive plant communities and distinctive soils due to the
physblogical constraints imposed by anoxic soil conditions (Federal Geographic Data Committee, 2013).
The characteristics typically required to identify wetlarg® indicators of wetland hydrology, hydric soil
indicators, and a predominance of hydrophyticmilapecies (Cowardin and others, 19¥BS Army
Corps of Engineers, 2008). For this stgites were considered wetlandif at least one of the three
indicators were preserdindthe site had characteristias historicalwetland hydrology.

TheU.S. Fisland Wildlife Servid@ Bational Wetlandsniventoryprogrammaps wetland and
deep waterhabitat throughout the United Statessing Cowardin classificatioWe obtained digital
National Wetland Inventorgata for the state of Utah ifebruary2014from the Utah Automated
Geagraphic Reference Center (AGRSIhg the filedWetlands NWI Archive
(http://gis.utah.gov/data/waterdata-services/wetlandys Imagery from the early 1980s was ds® map
a majority of the watershed, except for the southwest corner of the studg aesar Farmington and
Bountifulwhich was mapped using 1997 and 1998 imagery. Wetland data from Great Salt Lake to the
Wasatch Mountains north of Farmington was partiaipdated in 2005 through use of ground
delineations.

To obtain a sample frame for our target populatigegetated palustrine wetlandsve selected
only those featuresssigned tdhe palustrine Cowardin system and emergent, sestibub, forestedor
aquaic bed Cowardin classes. The final sample frame of wetlands included all wetlands with at least
30% cover of persistent emergents, trees, shrubs, or emergent mossembnithoseaquatic bed
wetlands not located in a channel, not over two meters deejl aot greater than eight hectares in
size. Features that crossed the Weber HUC6 boundary were kept in the samplefrignifehe
majority of the featurewvas within the boundary.

3.1.2 Strata

To ensure that we surveyed sites across the watershed, we stratified wetland polysiogsa
simplified version of théevellV ecoregiongfigure 2) Ecoregions that were rare in our study area were
combined with ecologically similar ecoregions to creat@ngle stratunftable 3) The basin andange
ecoregion had two strata, ¥tlands, locatedlosest to Great Salt Lake, angbslopes, the remaining
Wasatch Front area. The montane ecoregion had four strata, including, in order from |dexestian to
highest elevation, Valleys, FoothillsphtaneZone andUintas Wetlandpolygonsthat crossed
ecoregionboundaries were generally assigned to the mgpon where the majority of that wetland was
located.Characteristics of eachtratum can be found in tabl4. Strata names will be capitalized
throughout this report to refer to all sites and/or all wetland area within each strata (e.g., Weflands
sites)and to the geographic area represented by the strata (e.g., in the Wetlands)
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Explanation
D Weber watershed boundary

A Assessment sites
Wetland sample frame
Ecoregion strata
|: Wetlands
[:] Footslopes
[:} Mountain Valleys
[ ] Foothills
[:I Montane Zone
:I Uinta

ources: Esri, USGS, NOAA

Figure 2Map of drata used in surveys and surveyed wetland sites. Ecoregion polygons are labeled with
their Level IV Omeik ecoregion, butolored according to the final strata. The desert, wetlands and

basin Level IV ecoregions are part of the Central Basin and Range leeegkblon, the shrublands

Level IV ecoregion is part of the Wyoming Basin Level Il ecoregion, and all remaining Level IV ecoregions
are part of the Uinta and Wasatch Mountains Level Il ecoregion.

3.1.3 Selection of Study Sites

We used the spsurvey packa@@om and others, 2012 R 3.0statistical softwargR Core
Development Team, 2@} to select survey sites using a Generalized Random Tessellation Stratified
(GRTS3urvey designA GRTS8esignis a statistical method to select random sample locations that are
spatially balanced and ordered so that any consecutive sets of samptes pce themselves spatially
balanced(Stevens and Olsen, 200¥Ye selected survey points instead of wetland polygons because
URAP evaluates fixed area plots rather than whole wetlands and due to limitations in the accuracy of the
National Wetland Inventorgata. We selectedan equal number of survey points per stratum rather
than weighing strata by total strata areaptal wetlandarea, number of wetland polygongthin the
strata. The Wetlands had over 50% of all wetlands by areat less than 8% of both the totaiatershed
area and number of wetlandsable 4. Converselythe Foothillshad thehighestpercent ofthe total
watershedarea and number of wetland$éut had amongst théeast amount ofvetland area Selecting
an equal number of points ensured that data would be collected across a breadth of ecological
conditions.We selected 12 sample and 50 osample points per straturasing a stratified GRTS design.
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Table 4. Characteristics of strata including extnd abundance of wetlands, climatic and elevational

means (Daly and others, 2008), land ownershitp(//gis.utah.gov/data/sgidcadastre/land

ownership, and land cover (Homer andratrs, 2015).

grass)

Stratum Wetlands Footslopes Valleys Foothills Montane Zone Uinta
Area (knf) 404 669 457 3288 864 730
(% of total) (6.3%) (10.4%) (7.1%) (51.3%) (13.5%) (11.4%)
# of wetlands 978 1550 1467 3942 1393 3057
(% of total) (7.9%) (12.5%) (11.8%) (31.8%) (11.2%) (24.7%)
Wetland area (ha) 10,807 2902 2646 1578 211 1090
(% of total) (56.2%) (15.1%) (13.8%) (8.2%) (1.1%) (5.7%)
Mean 30 Mea(TCT)emp 11.1 10.7 7 6.5 53 33
m’ére]frr" Max Temp (°C] 335 33.1 29.9 28 25.1 23.2
C“maté’ Min Temp (°C) 7.7 7.9 -12 -11.1 -10.7 -13.2
data | Annual Precipl g 475 548 621 876 913
(mm)
Mean elevation (m) 1284 1341 a 4;2(2)317) (igg? 2416 2728
(elevation range) (12791425) | (12811797) 2753) (17583226) (20503644)
Federal 21.1 4.1 0.5 10 22.3 51.1
Ownership,| bt 27.7 94.9 96.8 86.1 745 48.6
by Percent
State 51.3 1.1 2.6 3.9 3.1 0.3
Developed 2.2 57.8 10 1.3 0.5 0.4
Agriculture 111 32.1 33.2 1.4 0 0
Land Forest 0 0.7 9.7 53.3 81.4 87.5
Cover, by
Percent | \vetland and 66.1 5.1 45 0.8 0 0.3
open water
Scrubshrub 7.5 3.6 42.5 429 17.4 8.2
Other (barren, | 54 05 0.2 0.4 0.6 35

Oversample points were used to replace any of the primary sample points that could not be surveyed

due to lack of permission from landowners or absenceajet wetland.

3.2 Site Office Evaluation and Landowner Permission
Selectedsamplesites wereevaluated in the office using the process outlinedtie draft Utah
Rapid Assessment Procedure Method for Evaluating Ecological Integrity in Utah Wetdfids
Evalation Method(appendix B. Qurvey points werescreened usingtrue color andnfrared aerial
imagery, digial elevationrmodel (DEM) data on watefrelated land use, andational Wetland
Inventorypolygonsto determine whether they were locategear wetland. We allowed the survey
points to be moved up to 100 m from the originalipoto account for inaccuracies in the National
Wetland Inventory mappindgsurvey points were assigned to one of four classes depending on their
likelihood ofcontaining sampleable wetland: Probablydefinitely wetland,(2) Possiblywetland or
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unclear,(3) Probably not wetland, an@) Not wetland.Only class 1 and 2 wetlands were visited in the
field due to the need for greater field efficiency.

For sample points not removed during the screening procgegjetermined land ownership
based on county paet data and put forth a diligent effort to contact land owners to seek permission to
accessites.We obtained phone numbers for land owners through a combination of internet searches,
information from state watershed coordinators, amdjuiring withnearby landownerswWe called land
owners several times and left at least one message in an effort to obtain permission to survey sites. If
we could not obtain a contact phone number for a landowner stopped by themailing address
associated with the mperty at least once if it was convenient with routes driven in the fiald.
rejected all sample pointwhere access was denied or where we wenable to obtain permissian

We compiled data for each survey site in GIS to provide more information tosfiglageyors We
usedeither theWeb Soil Surveyttp://websoilsurvey.sc.egov.usda.gov/App/HomePage htmthe
USA Soil Survey layer in ArcGIS onbdrietermine the map unit nameslope, hydric rating, and
drainage class of soils at the site. We examieledation waterrelated land use, and hydrography data
including watershed boundaries and flowlings assess likely sources of site hydrology as well as visible
stressors to hymblogy such as dams, water control structurasdirrigation return flows. We evaluated
stressors that had a potential to degrade water quality including development, agriculture, rangeland,
point source dischargers, oil and gas wells, and mines. Welelesamined whether contributing
streams or lakes were listed in the mastent list of impaired waterbodies, tharaft 2014integrated
report (Utah Division of War Quality, 2014b and 2011dVhenever possible, information from the
landscape analysis wasrified by observations in the field. Due to time constraimts,did not conduct
a landscape analysis for some sites before surveygll description of the landscape analysis process
can be found irappendix B

3.3 Field Methods
3.3.1 Training

Fivesurveyoravere employedor this project threehad substantial experience with wetland
condition assessments and URAP and iveoe trainees The experienced survels worked for UGS
yearround, had developed URABNd completed wetland delineation trairgn The experienak
surveyors trained the new surveyors in June of 2014 by working through the field protocol as a group at
several sites and talking through difficult metrics. Trainees were also shown photographs of sites that
had received A, B, C, and&ings in some metrics, such algae growth, litter accumulation, and
substrate and soil disturbance, so they could better understand the range of conditions they could
encounter. One surveyor per team was responsible for collecting plant community ciopasta.
These individuals were given additional training on plant identification resources, proper plant collection
techniques, and plant cover estimatioAsecond surveyor on each team was responsible fdecthg
soil profile data andnhdividualswere given addional training on collectingata. For most of the field
season, surveyors worked in a set team with one experienced and one less experienced surveyor. Less
experiencesurveyors visited at least 30 sitbsfore they were paired with anothdess experienced
surveyor. At thirteen sites throughout the field season, three or more surveyors worked together at a
site, helping ensure calibration between surveyors.
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3.3.2Establishment aAssessment Area

The first step in field surveys was to deténe whetheratarget wetlandwaswithin 60 m of the
original sample point. Wused a combination of best professajudgement and easily observable
hydrologic, soil, and vegetation indicatdcsdetermine whether sites were wetlands, loosely following
standards from the U.S. Army Cond€Engineers (Army Corpsitland delineation guidefJ.S. Army
Corps of Engineers, 2008; U.S. Army Corps of Engineers, 2@&t@nd determination was conducted
in a relatively rapidnanner using traits such as redoximorphic features or gleyiagguredsoil
samples rather than full soil profileas well as readily apparent hydrology indicators. If the plant species
was known, we assessed sites for the presence of hydrophytic vegetation. Otherwise, we only
attemptedto determine dominant species when site status was uncMae.only required thg@resence
of one indicator to consider a sitstarget wetland, hough sites with maginal hydrophytic vegetation
that lacked any clear indicator of wetland hydrology were frequently rejedtéetland determinations
done for this project should not be cadsred U.S. Army Corps delineations due to the limited time
spent on each determination and the looser standards applied to wetlands.

If a wetland was present at the site, we setaipassessment areBRata for URARre collected
within an assessment area (AA) rather than@gs an entire wetlantb increase compaiality between
individual sitesWhenever possible, AAs are-A0Oradius circular surveglots centered ona randomly
selected sample point. To avoid inclusion of siarget areas AAs can also be 410 radiusplotswith
shifted centers or rectangular or free form units as long as they are between 0.1 and 0.5 ha and more
than 10 m wide. For this project, we shifted or reshaped AAs to ensure that they contained at least 90%
target wetland andno more than 10% water over one meter deep. We also always placed AAs in a single
wetland not broken by major changes in hydrology, such as dikes, apvade roads, and bermed
ditches.Each AA wagenerally placedvithin a single Ecological Sgst.
3.3.3Rapid Assessment Metriaad Stressor Data

We collected wetland condition data using the metrics describdadtain Rapid Assessment
ProceduréMethod for Evaluating Ecologidattegrity in Utah Wetlands! & SN A& al ydz f ¥ + SN& A
Draft (appendix Q). Metrics are divided intéive categoriesiandscape context, hydrologic condition,
physical structure, vegetation structure, and plant spec@sposition ¢able 2. Plant species
composition metrics were calculated in the office using plant commutats collected in the field. For
the other metrics, observers used maps and information obtained from walking a&sdnd AA
buffers to score each metric according to the observed condition. Photos and notes were frequently
taken in order to better captre condition, especially when sites were difficult to evaluate.

Data on stressors observed in the figldre also collected. Stressor data included information
about features within 200 etersof each AA as well as features within the AA. For eachssires
present, we recorded the extent of the evaluated area where the stressor was prasétiie degree
of severity as one of three qualitative categories (low, moderate, hiffle)evaluated buffer stressor
severity in specific categoriegeneral severityhydroperiod, water contaminants, sedamtation, and
vegetation stress. For example, a highway downstream from a wettaydaffect a wetlansl
hydroperiod but is less likely to contribute water contaminants based on the landscape position.
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3.3.4Additional Site Data

We classified wetland sites by HGM class, Ecological System, and Cowardielesitected
data for two metrics auxiliary to the main URAP metrics, related to the types of structural patches
(snags, channels, beaver dams, animal traclepsdloating mats, etc.) and amount of topographic
complexity present at sites. We also collected percent cover dath@presence and overlap of
different plant layers. @plemental data can be used to make generalizations about expected features
within specific wetland classes or to better understand habitat or other functional characteristics of
wetlands.

At each site grveyors dug at least one soil jgit a representative location within the dominant
vegetation type An additional pitwas dugf more than one dominant vegetation typeas encountered
or if no hydric soil indicators were found in the first pit. Soil pits were dug to 50 cm or more in depth
whenever possible. For each soil layer, surveyors recorded the layer deptgltreofthe matrix and
any dominant and secondary redox features (based on a Munsell Soil Color Chart), soil texture, and
percent of coarse materigb2mm). Hydric soil indicators were recorded udtigjd Indicators of Hydric
Soils in the United Statgs).S Natural Resources Conservation Service, 2ah8)J.S.Army Corps
wetland delineation guidefJ.S. Army Corps of Engineers, 2008; U.S. Army Corps of Engineers, 2010
Settling time for soil pits varied depending on total AA survey time, but was generally between 50 and
120 minuteslf water was evident after the settling period, we recorded the depths to saturatecusail
free water and then used a bailer to obtain a water sample from just below the sudeekf water in
the pit.

Groundvater and surface water chemistry data was collected with a handheld Hanna
Instruments Combo metgiHI98129 ad HI98130) Data was cadictedwithin channels or pog] at
points of groundwater dischargandor at the surface oflooded wetland. We measured pH
electroconductivity (EClotal-dissolvedsolids,andtemperature of the water sampleith the meter.

We tested meter accuracy known EC and pH solutions and calibrateetersas needed.

We collectedsurface water samples for laboratory analysis at some sitasiples were
collectedwhen surface water was available and likely to reflect the dominant water source at a site.
Sampls were generally not taken from small pools or from water pooled in cattle tracks when the rest
of the site was drySamples were also not generally taken when water depth was very low (<10 cm) due
to the high probability of contamination from soil sedinienVater sample container@hree per
sample location) were prepped by the Utah Public Health Laboratory Chemical and Environmental
Services Laboratoi@tah Public Health Laboratoryyith the necessary preservatives for general
chemistry, total metals, r&d total nonfiltered nutrients analysi§Jtah Public Health Laboratory, 2013)
After containers were filled, they were stored on ice utrainsferred to a refrigerator and then
transferred to theUtah Public Health Laboratory within five days of colleetiSamples were analyzed at
the Utah Public Health Laboratory following the procedures outlined in the Client Services Maltafal (
Public Health Laboratory, 201&hemistry samples were analyzed for total suspended solids, total
dissolved solids, pH, and chloride, sulfate, alkalinity, specific conductance, and total volatile solids. Non
filtered nutrient samples were analyzed for ammonia, nitrate plus nitrite,|t&faldahl nitrogen, total
phosphate, and total organic carbon. Total metal samples were analyzed for calcium, magnesium,
sodium, and potassium.
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3.35. Plant Community and Ground Cover Data

We recorded a list of all plant species found within the AArdfteroughly searching the area
for up toone hour. For each species found, we recorded predominant hgpgintent cover within the
AA, andohenology as vegetative, flowering, fruiting, or standing dead (from current year only). Plants
not recorded to speies in the field were collected for later identification in the office or at local
herbaria.We also collected data ahe percent cover within the AA giround cover featuremcluding
bare ground, litter, water, bryophytes, lichens, algae, and varigpes of woody debris.

We recorded plotbased plant community and ground cover data at three girsstratumto
compare the results of this more rigorous sampling to stendard vegetation samplingtt these sites,
data were collected in four 10 m x @ plots that were established in predetermined locations at
standard 40 m radius circular AAs or at randomly chosen locations istandard AAs. Surveyors first
recorded plant species and ground cover data in all four plots and then spent additionadikiag
through the remainder of the AA to record values the entire AA. An effort was made to record this
data at three sequential sites per stratum to create a spatially balanced set of sites. However,
uncertainty regarding which sitege would get prmission to surveyneant that in many cases this
sampling order was not maintained.

4.0 DataSummarization andinalysis

We use a variety of methods to present survey results ranging from simple summaries and lists
of observed attributes to ordinatioand correlationanalysis andlata extrapolation Simple data
summaries provide information on the frequency and types of various attributes observed during
surveys, but do not estimate the true population mean or associated uncertainty. These simple
summariesare useful to identify general trends in the data but cannot be used for robust inference.
Ordination and correlation analysis are more quantitative exploratory methods that can evaluate
groupings between sites and the strength of relationships betwedardiice measures. Data
extrapolation is used to estimate populatievide characteristics for all wetlandsithin each strata,
ecoregion, or watershed?opulation estimates include a measure of uncertainty, such as confidence
intervals, and estimates can loempared between groups to look for differenc&onfidence intervals
were generally quite large due to small sample sizes so differences among strata were usually not
statistically significant. We only produced population estimatesaftaw measures. Astatistical
analysis was conducted i 3.2.Istatisticalsoftware (R Core Development Team, 2013)

4.1. Weight Adjustment andPopulation Estimates

To makepopulation estimates foecoregions or the entire watershed, each sitasassigned a
weightfor the relative amount of wetland area represented by the dier example, a site in the
Wetlands has a higher weight than a site inetRoothillsbecause the Wtlandsstratum hasmuch more
total wetland areaSites were assigned wéitg when they were originally selected by the R package
spsurveysoftware but needed to be adjusted based on the total number of sites evaluated in each
strata.Weights are equal to stratum area divided by the total number of sites evaluated in themstratu
including surveyed sites, ndarget sites, and sites where access was derisde. evaluation did not
deviate from the original sample order so additional adjustments to weights were not necessary.
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We used the cat.analysis and cont.analysis functionlse spsurvey package in R to estimate
parameters for categorical and continuous variables, respectively. We used strata and ecoregion as
subpopulation variables rather than as strata in the design matrix to improve the estimate of the local
mean variane, based on advice from one of the authors of the spsurvey package (T. Kincaid, personal
communication, March 2015yVe estimated the extent of sampled area, Rtamget area, and unknown
(no access) area for each stratum and ecoregion and for the water§tieclso estimated the percent
of wetland area in each URAP categorical and overall score rank (A, B, or C/D) and percent cover of
noxious weeds and other nemative species in the watershed and each strata and ecoregien.
created cumulative density futions for overall URAP scoregelh C, and relative cover of native
species. Cumulative density functions show the probability distion across a range of valyder
example, the probability dd site having moverall URAP score of 4 or lower. We camgal cumulative
density functions between strata using the cont.cdftest function in spsurvey with the default test
statistic, an Fdistribution version of the Wald statistic (Kincaid, 2015).

We estimated the percent of wetland area and wetland buHeeasubject to two stressons
livestock grazing and motorized trackge first converted extent classes to the largest value in their
class so that, for example;10% cover was converted to 10% cover (trace cover was converted to 0.5%
cover).Livestock grazingithin the AAcould be recorded up to three times, based on effects to
vegetation, physical substrate, and hydroperiod. The maximum value of the three was utisel for
analysisWe produced estimates of total area with grazing and area with moderategtodgverity
grazing Stratawide estimaes were made for each stressdalifferences between cumulative density
functions for eactstratumwere tested using the-Histribution of the Wald statistic.

4.2 Field and Officestressor Dat&summary

We present data on the abundance and severity of different stressei@so summarize
stressor data into stressor indices to select reference sites and explore the relationship between stress
levels and measures of wetland conditiofo calculate stressandices,we first convertedow, medium,
and high severity stressors to values of 1, 2, and 4, respectitedssors in the office we recorded in
three categories water quality stressors within 2 km of the site, overall water quality stressors, and
overall hydroperiod stressor§Ve excluded livestock grazing from the office water quality stressors
becausewne could not determine the presence or severity of grazing in\@Ssummed all stressor
severity values by category to produce three differeffice-based stressor estimates

For AAand bufferstressorswe converted extent estimates into weights based on the-poiht
of the extent category, adjusting the overall weights so that the highest extent category received a
weight of 1. Extent categoriagere mnverted as follows: ¥4 0.001 tol-10% 0.06 10 to 25% 0.20,
25t050% 0.43, 50 tor5% 0.72, 75 to 100% 1.0.We multiplied each stressor severity value by the
extent weight and then summed all values to obtain an estimate of stress. We calculattss
overall andwithin four categoriesvegetation, hydroperiod, physicadnd water qualitystress.The first
three categories were directly recorded in the field. We used two measures recorded under the heading
of vegetation stress as indicatorsAf water quality stress, chemical vegetation contaold grazing or
browsing.We calculated buffer stressverall and within four categoriestydroperiod, water
contaminants, sedimatation, and vegetation stress; stress related to each categorydivastly
recorded in the fieldtable 5) For the calculation of hydroperiod stress, we did not adjust severity by
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Table 5 Example of converting buffer stressor data into overall buffer and categorical

indices.

Step 1:List all recorded stressors witheir extent, general severity, and severity related to specit

categories of stress

Stressor Severity
Extent General Hydroperiod | Contaminants | Sediment | Vegetation
Stressor 1 <1% 3 3 2 2 0
Stressor 2| 10-25% 2 0 3 2 0
Stressor 3 >75% 1 0 0 0 3
Stressor 4| 2550% 2 1 1 1 1

Step 2:Convertextent categories to their midpoint divided by the midpoint of the highest extent
category. Convert severity values of three to four. Greyed boxes indicate values changed fron

1 to step 2.
Severity
Stressor . - : :
Extent General | Hydroperiod | Contaminants | Sediment | Vegetation

Stressor 1| 0.001 4 4 2 2 0
Stressor 2 0.2 2 0 3 2 0
Stressor 3 1 1 0 0 0 4
Stressor 4 0.43 2 1 1 1 1

Step 3.Multiple extent value byseverity for each severity value, except fgrdroperiod which is
kept as is. Sum values within categories.

Severity
Stressor . - : :
General | Hydroperiod | Contaminants | Sediment | Vegetation
Stressor 1 0.004 4 0.002 0.002 0
Stressor 2 0.4 0 0.6 0.4 0
Stressor 3 1 0 0 0 4
Stressor 4 0.86 1 0.43 0.43 0.43
Final Values 2.26 5.00 1.03 0.83 4.43

extentbecause many hydroperiod stressors, such as dams and water control structures, are frequently
small in size but large in impact. In general, only stressors evaluated specifically for a buffer category

gSNBE AyOf dzZRSR Ay (KI  horedeteI@neBxeptior based dr ahalydisof/ >

individual stressors.

We nextcombined office, AA, and buffer stress indices to create compositires. Overall
field stresss the sum of the overall AA and overall buffer stress indices. Sedahentstress § the sum
of the buffer sediment and AA physical sisandices. Total contaminastthe sum of the buffer
contaminant and AA water quality stress indicéstal water quaty stress $ the sum othe buffer
sediment, buffer contaminant, AA physicAlA water quality, and overall office water quality stressor
indices.Total vegetatiorstress $the sum of buffer and AA vegetation strasdices. Total hydrologic

stress washe sum of AA, offie, and buffer hydrologic stress indices.

4.3 RapidAssessment Results

Rapid assessment metric results are presented as summary data for individual metrics and as
population estimates for URAP category and overall ranks (i.e., A, B, C, or D), as well as population
estimates for numeric URAP scorée.obtadn categorical scores, we first calculated the relative cover of
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native species and absolute cover of noxious species at each site using plant composition data. We
converted the cover estimates to ranigsing the thresholds shown ippendix C Next, weconverted

metric ranks to point values based on the following: 5 (A or AB), 4.54(/B), 3 (C), 2{¢Cand 1 (D). We
combined metric scores for the percent buffer, buffer width, buffer soil condition, and buffer vegetation
condition into an overall bifer score using the following equation:

overallBuffer=(percentBuffer*bufferwidtff*([bufferConditionSoil+bufferConditionVeg)/?)

We then calculated the mean metric score within each category (only using the overall buffer
score and not the derivate components for the landscape context category), based on the categories
shown in table 2. Means were taken across a variable number of mpéaicsitesince not all metrics
were evaluated at every sitdhe woody debris and woody species regeneratiatric were only
scored when woody species and debris were expected at sites and the turbidity and pollutants and algae
growth metricswere generally only scored when water was present at sites, though one site had an
excess amount of dry algasmdreceived afinal score for the algae metric. The horizontal interspersion
metric was excluded frorthe vegetation structurend overall URAP calculations in #reergent marsh
andalkaline depressioEcological Bstems based oresults of method calibration fgendix A. Overall
URAP scores were obtained by taking the mean across all categorical Saisggrical and overall
URAP scores were converted back to ranks based on the followingd xn ®p 0~ . o6fndp | YR
YR XH®pOZ YR 5 O0fFHODPOD

4.4 Analysisof Vegetation Data

Plant species not identified in the field were pressed in newspaper, brought to the effide,
dried in a drying oven approximately 38°C for at least 24 hours. We used a dissecting microscope,
standard set of plant dissection toold several plant treatments to aid with identification, includig
Utah Flora\Welshand others, 2003)all volumes of théntermountain Flora serigsee introductory
volume, Cronquist and others, 197®ascular Plants of Northern UtgBhaw and others, 198%Field
Guide to Intermountain Sedgédurd and others, 1998andFlora of North America
(http://floranorthamerica.org. Specimens that were partiguly difficult to identify were taken to Utah
{GFGS | yAOSNEAGEQA LYOGSNXN2dzyGlF Ay | SNBF NARdzY F2NJ O2
with herbarium staff. We used species scientific names as listed in U.S. Natural Resources Conservation
SevDSQa t I ylhitg/pléntsiusdd.dof Species identifation problems are detailed in
appendix D

We scored the absolute cover of noxious weed and relative cover of native species metrics using
plant datacallectedin the field across the entirBA To score the absolute cover of noxiouseds
metric, we firstdevelopeda list of all noxious weed species. \Meludedall species listed for the state
of Utah or individual Utah counties and species listed éngtirrounding states of Arizona, Colorado,
Idaho, Nevada, and Wyoming. We considered all recoRl@dgmitesaustralisicommon reed}o be
the nonnative, noxiousubspecies dPhragmitesaustraliswhen subspeciegasnot recorded Even
though Galiumaparine(stickywilly) Cicutamaculata(spotted water hemlock)and Cuscutassp.
(dodder)were included on some noxious weed lists, we excluded them from our final list because they
are all native to Utah. For the relative cover of native species metnerof all native species was
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divided by the cover of all species with known nativity2 YY2y yI YSa FyR aLlSO0ASaqQ |
species mentioned in thigport are listed in appendix. E

4.4.1Plant Summary Information

We provide summary information ome distribution and abundance within our study area of
common plant species and species of management concern. We also present summarfovaues
number of FQA metrics, including many that make use of coefficient of conservatism valasgs).
Cvalues between 1 and 10 are assigned to species based on their association with disturbance through
a combination of best professional judgment, literature review, and/or field observations. Low values
indicate that species are usuaftyund atdisturbed siteshigh values indicate that species are associated
with pristine sites and values in the middle indicate that species may be found equally at either type of
site. All nonnative species are assigne@&alue of Oldeally, Gralues are developed for inddual
states or regions to capture regional variability in how species respond to disturbance. However, the
development of statespecific G/alues requires substantial time and effort from a panel of experts and
is ideally supported by qualitative field dathat span the whole area of interest across a broage of
conditions. M Gvalues currently developed for the state of Utah. We instead contacted botanists and
wetland scientists in surrounding states to determine which states had assignadés b species. We
received Gralue lists from Colorad@rocchio, 2007 Montana(Jones, 2005and Idaho (@alues used
08 GKS aidrdsS 2F LRIK2 NS FTNRBY @FfdSa RS@OSt2LISR 7T
(Rocchio and Crawford, 2013Ve assigned Utah species Mean GZ I £ dzS 2F G KS GKNBS ai
then made sure that every nemative species, and nwative species, had a@lue of 0. Eighteen
species with a total of 24 occurrences were recorded and not assigrati€s. Of these, all
occurrences were less than 1% cover except for one occurrence each of 1% and 2% cover.

Data on species with assign€d/alues can be summarized in a number of ways. The simplest
measure is simply the mean of thev@lues for all species found at a site. The caveighted mean is
similar, but weights the @ f dzS FT2NJ SI OK A LISOASa 0 e ticQealityiindéxLIS OA S & ¢
(FQI) metrics adjust thielean Gvalue or covemeightedMean Gvalue by the total number of species at
a site, so a site with more species will have a higher score than a site with less species if other
compositional elements are similakdjusted FQI metrics modifyv@lues based on the ratio of the
number of all native species to the numberatifspecies. All of these measures besides adjusted FQI can
be calculated from data for all species or data just for native species. FQA ras#&it this report,
including those that make use ofv@lues, are described in tabe
4.4.20rdinationand Cluster Analysis

We used normetric multidimersional scaling (NMDS) with tegan packagéOksanen and others,

2013)in Rto explore plant communjt composition data. NMDS can be used to reduce complex
multivariate data, such as plant abundance values, to a few primary axes that describe most of the
variation found among sites. Axes can then be overlain with vectors showing the strength (represented
by vector length) and direction (represented by vector orientation) of correlation between
environmental variables of interest and species composition d&fused NMDS to visualize
similaritiesamongall sites andamongsites withinLevellll ecoregionsWe also used NMDS identify
groups of sites where species composition was not driven by environmental factors.
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Table 6 Floristic Quality Assessment metrics used to analyze plant community compositiot daieal

0 ¢ uefer to the Gvalue and coer estimate for species where speciegis a single species in the set

of all speciesx all), all native speciext( native), all nornative speciesx{ nor-native), or all designated
noxious species®{ noxious. Ny andNnahverefer to the totalnumber of all species and all native species,
respectively, per site. Only species with known nativity are used in calculations; only species with known
Cvalues are used in calculations that make use-ealdes. Formulas are adopted from Rocchio (2007).

Abbreviation Description Formula
SpeciesiBhness | Number of unique species Nai
Pct Norrnative Percent of all recorded species of known nativity that are introducq{ Nyative™ Na
Abs. CoverNen | o1 ite cover of nomative species B . 0€0
native
Abs Covemoxious | Absolute cover of noxious weeds B . 0€0
Rel.Pct Native Percent cover of all native species divided by the total cover of all B 6 & B & &0
Cover recorded species with known nativity N e
Mean C Mean C value across all species B. 0 =Ny
Native Mean C | Mean C value across all native species B . 0 + Native
CW Mean C Mean C adjusted by the cover of each species B, 6z6£&£0sB, 0£¢0
Native CW Mean ( Native Mean C adjusted by the cover of each native species B . 6z6€¢ 0+B, 0¢0
Mean C adjusted so that otherwise similar sites with more total —
FQl species score higer Mean C* U
. Native Mean C adjusted so that otherwise similar sites with more . —
Native FQI native species score higher Native Mean C U
CW Mean C adjusted so that otherwise similar sites with more tota ——
CW FQI species score higher CWMean C* U
. Native CW Mean C adjusted so that otherwise similar sites with m . —
Native CW FQI | = species score higher Native CW Mean € 0
Adj. FQI Mean C adjusteq S0 thaF otherwise similar sites W|t_h a h|gher_ 2 zpmm
proportion of nativespecies compared to total species score highe )
CWAG;. FQI CWNMean C adjusted so that otherwise similar sites with a higher 7 zpmm

proportion of native species compared to total species score highe

We excluded from analysis most species only identified to the genus level, but did include the
generaAtriplex DodecatheonEleocharisand Salixseparate from species of those genera that were
determined to the speciegVel. We grouped all species within the genBieea Tamarix andTypha
into their respective genera rather than considerihgsespecies independently. Species identified to
the subspecietevelwere grouped with other members of the same species.

We used the wrapper function metaMDS within vegan to transform and standardize data, calculate
a dissimilarity matrix using Br&yurtis distance, run NMDS multiple times with random starts to avoid
local optima, and rotate the axes of the final configuratso that the variance of points was maximized
on the first dimension. Plant abundance data were transformed using a Wisestgkrdouble
standardization where taxa are normalized to percent abundance and then abundances are normalized
to the maximum fo each species. Species that occurred at only one site were dropped from analysis.
We determined the appropriate number of axes to use by obtaining stress valulesifaeplicate
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NMDS runs for each number of dimensions between onefand We set the maimum number of
random starts for each run at 50@0/e generally selectethe lowest number of axes that had a stress
value>).20as the final number of dimensionbased on rules of thumb for the threshold of usable
results(McCune and Grace, 2002)

We calculated climate and elevation data for eadk to include as an environmental variable in
the NMDS. Wealculated meamiAelevation using 10n-resolution DEM data
(http://gis.utah.gov/data/elevaton-terrain-data/10-30-meter-elevationmodelsusgsned). We also used
monthly climate data from PRISM Climate GrdDpaly and others, 2008) calculate30-yearmean
temperature and precipitation values at each siée calculated 3¢ear means (for water years 1984
to 2013 across the water year (October 1 to September 30) instead of the calendar year because water
year is a more hydrologically relevant meas@ely provisionalrather than finaj climate data was
available forJune through September 2054 the time calculations were performed.&\alculated
mean, minimum, andnaximum wateryear temperatures and mean daily precipitatiftom each yeay
then usedthe mean of these values across theyagar period ofiterest.

We fit site attribute data to the species NMDS axes using the envfit function in the vegan package.
We tested the strength of evidence for each site attribute variable and each species using 10000
permutations in envfitWe reduced elevation ancimate datato uncorrelated axesisingprincipal
components analysis (PCA) with the function princomp. WR included the first one or two axes of the
PCA as an environmental variable in the site attribute analysis, depending on the degasrloifity
captured by each axi8Ve consideredeveralvariables related to sampling effort, including the total
area of the AA and the day of the year for each surgegyerted to a number between 1{6dicating
the first day of sampling) ar@b9 (indicating tle last day of samplingyVe alsaconsideredat the
observer team, coded as either one of the two teams that conducted most of the field warlkai K S NE
oOthere includedsamplingefforts with more than two surveyors and efforts with uncommon team
pairings.We consideredvhether plant community data had been collected only in the AA or within
plots and the AA anthe percent upland area included each AA. Weonsideredat site Ecological
System, @wardin system, class, and water regime, HGM class, stratodievel 11l and IV ecoregion
We alsoconsideredcorrelation with site stressandicesand categorical and overall URAP scores.

We used\MDS and cluster analysistry to identify groupsof sites within which major differences
in composition werariven by differencesther than natural factors such as climate or site hydrology.
Strata on their own were not appropriate for grouping sites because strata contained a mixture of
Ecological Systems with very distinctive vegetation communities. Furtheriharas possible that low
elevation sites in the Uintas stratum would be more similar to high elevation sites in the Montane Zone
stratum than to high elevation Uintas stratum sit&stes with similar plant communities, climate, and
hydrology are most apppriate foranalyzing the relationship between stressors and vegetation and for
developmentof a multimetric index. For montanecoregionsites, we conducted a prelimany analysis
of groupings usingiMDS and then usedrkeans clustering to develop clust®r sites in theRocky
Mountain AlpineMontane Wet Meadowwet meadow) andRocky Mountain SubalpiAdontane
Riparian Shrublanfupper montane shrubland}cological SystesnWe clustered sites based on the four
climate variables, percent deep2® cm) and shallow water at sites, and percent aquatic and woody
vegetation. The optimal cluster size was determined using the elbow method by graphing number of
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clusters versus the ratio of betweegroup variance to total variance. The optimum clustee $izthe

number at which the marginal gain in variance explained drops, leading to a curve in the graph. We
performed NMDS ordination on the resulting clusters to determine whether differences within clusters
were associated with either of the first two @x of the climate PCAgevel Il and I'¥coregion Ecological
System or Cowardin water regime. We also included URAP overall and categorical scores, stressor
indices andMean Gn the environmental analysis. We did not perform a cluster analysis on &agin

range sites because there were too few overall sites and much heterogeneity in characteristics of sites
(including impoundment status, salinity level, water regime, etc.). Instead, we simply removed the most
obvious outliers from the ordination to oain afinal ordination of the basin and range sites.

4.5 Multi -Metric Index Development

We conducted an exploratory analysis to determine attribute differences between least and
most disturbed sites in the largest group of montane meadow and shrub déatfied in the cluster
analysis described above€his grouping contained 18 sites, but two sites were dropped from the final
grouping after the cluster analysis due to anomalous attributes and one site not includeddlusier
analysis due to missirdata was added to the group, for a total of 17 sites in the final grouping. The
grouping, which we call the miglevation montane sites, includesitesbetween 2188 and 2556 m in
elevation classified as either slope or riverine HGM classes.

We used data o stressors and percent namative cover to select sites that fell into high and
low disturbance categories. We evaluatsglen overalindicators the overall AA stresisidex individual
buffer indicesfor hydrologic, sedimentation, vegetation, and coniaant stressorsstressotindicesfor
hydroperiod and water quality from the office evaluation, and percent cover ofrraiive plant species.
We determined thresholds based on a combination of the range of values available in the data and best
professionhjudgement.Forthe least disturbedwe selectedsites withvalues of less than one for
overall AA stress scores and all buffeores except for hydroperiodith values less than two fdyuffer
hydroperiod and all office stressardices andwith no more than 10% cover of nenative species-or
the high disturbancewe selectedites that violated high disturbance thresholds for at least three
indicators.Those thresholds were set at two or more for overall &/erall AA stressdex and all
buffer indicesexcept for hydroperiod, four or more for evaluating buffer hydroperiod and all office
stressorindices andover 20% cover of nenative species. One high disturbance site exceeded
threshold values for five indicators; all other sites exceededeglar three indicators.

Weused ttests to look fodifferencesin URAP categorical and overall scores andviariety of
plant community composition, structural composition, and climatic metretsveen most and least
disturbed sitesWe comparedFQAmetrics shown in table @xpect for spe@s richness and absolute
cover d non-native speciesWe compared the richness, percent of species, and relative cover of species
with C values in defined groups (i.e-y&ues between 0 and 2 orv@lues above 6). We looked at the
number of species and the percent of species with defined wetland indicatiogs (i.e., percent
facultative wetlandbr obligate species We also compared the relative cover of annual speamines
relative covenf annual andiennialspecies and the percent of theAwith overlap of two or three
species in different height categes.We compared cover of bare soll, litter, water (at different depths
and overall), woody debris (in several different structural categories), and cover of different plant
structural groups, including forbs, graminoids, and shrubs. We hypothesizethéaietricsdescribed
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above would differ based on extrinsic differences between sytasticularly levebf disturbance.
However, we also recognized that masfithe above metricsnight also differ based on intrinsic site
differences, such as naturdifferences in water regime or surrounding vegetation. We compared
climate variables between most and least disturbed sites to determine whether sites also had clear
intrinsic differences. We did not correctyalues for multiple comparisons because the nmainpose
was to determine individual variables and variable types that were best able to differentiate between
site types despite a small sample size rather than rigorous statistical inference.

We next assemblethe best metricave tested(those with pvalues <0.05) into mukietric
indices.We converted all metricith low valuegindicatinggood condition to the inverse For
example, 35% nonative species was converted t&6% native specie§ach multimetric index was
composed of thee nor or weakly correlated metrics (Pearson correlation coefficient <0.70). We limited
each multimetric index to three metrics because almost all groups of four contained at least two more
strongly correlated metricg-or each possible combination ofetlop variables, we did the following
calculations based loosely on analysis from the draft National Wetland Condition Assessment report
(U.S. Environmental Protection Agenicyreview). First,we set the minimum and maximum values for
each variable as 95" and 8" percentileof values in thelata (for all 17 sites in the group)
respectively. Next, waormalized the values between 0 and 10 &dirsites in the migklevation
montanegroup, using the equation:

normalizedValue=(inputue-min)/(maxmin)

Values less than 0 were converted to 0 and values greater than 10 were converted_ st Qve added
the three metrics together, divided by three antlltiplied by 100 to obtain the mukimetric index
value. The final mukinetric index had the largeststatistic for a ttest comparing the least and most
disturbed sites.

I a SR 2NgionaltAdqu&li& Resources Survey convention, rmaktric index values are
considered good if they are within the top 25 percent of all values within the least biestigites and
poor if they are within the bottom 5 percent of values within the least disturbed sitedyalues in
betweenare categorized as fair. However, this convention \wasappropriate with our small sample
size.Instead of making estimates of mdition for our small sample size, weport on the number of
sites with multimetric values similar to the least and most disturbed site values.

4.6 Relationship Among Measures of Condition

We analyzed the strength of relationships between categorical everall URAP scores and
other measures of wetland condition by examinfgarson correlations between variables (Stein and
others, 2009)We calculatectorrelations separately for basin and range and montane ecoregion sites.
We also calculated correlatis forthe mid-elevation montanesites used in the developmenf the
multi-metric index. We examined correlations between the URAP scores and summarized stressor data,
values from the landscape stress model, two FQA metrics and, when appropriate, withulnenetric
index. Before calculating correlations, we created hypotheses regarding which variables we thought
would have the strongest correlation with each URAP score. For example, the hydrologic category score
was hypothesized to have a strong relaship with stress data related to hydroperiod and water
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quality, but not with vegetation stress &iQAdata. Next, correlations were calculated between each
URAP score and all of the other variables. Correlations were evaluated based on whether they were
significant (p<0.05) or marginally significant (0.05<p<0.10)artthe strength of the correlation.

4.7 Watershedwide Landscape Analysis

We attributeddata in the sample frame of wetland sites with information on land ownership,
riparian status, and 2 OF G A2y GAGK NBaLISOG (2 GKS ! (K 5AQJAaAz2
the integrated water quality report. We also attributevetland sites with the mean value from the
landscape stress moderhis attribution allowedis to summarize informatin on the types, protection
status, and potential vulnerability of all wetlands within thatershed. Since the attribution was
applied only to the sample frame, summarized information only pertains to vegetated palustrine
wetlands, including aquatic bedsmergent, scrukshrub, and forested wetlands. Data does not include
areasmapped as unvegetated, including many playas, lakes, and ponds.

We first summarized data on the amount of wetland area by wetland type within staatum.
We used thavetland types identified in théJtah wetland functional classification developed by
Emerson (2014) to identify key aquatic habitats in the draft Utah Wildlife Action(BtahWildlife
Action Plan Joint Team, 2015) as the basis for data summarization. Within gpledaame, four
wetland types were presenemergent, open water, scrub/shrub, and forest. Our sample frame only
includes open water features that are mapped as aquatic bed, not unvegetated open tiatepen
water habitat will be referred to as aquatied in this report to make this distinction cled¥ithin those
four basic categories, we further characterized wetlands based on their mapped Cowardin water
regime.Wetlands with temporarily flooded (A) regimes have surface water present for brief peiods
the growing season and may not be wet enough to meet the U.S. Army Corps definition of wetland
hydrology. Most forested wetlands in our study area have an A water regime. Wetlands with a saturated
(B) water regime are usualssociated with groundwateWetlands with a seasonally flooded (C) water
regime are flooded for an extended period of time, but usually dry out by the end of the growing
seasonWe grouped the serpermanently flooded (F), intermittently exposed (G) and semi
permanently (H) wateregimes into a single categomietlands with F, G, and H water regimes are wet
throughout the growing season and often ygaund. All aquatic bed wetlands are mapped as one of
these three water regimes.

We attributed wethnd polygons as riparian or noparian based on proximity to stream and
lake features in thd:24,000scale; { D {Nd&¥@nal Hydrography Databagatf://nhd.usgs.goy. We
attributed wetland polygons as riparian if they were within 50 m of any NHDFlowline attributed as
artificial pah, connector or streamRiver. We also attributed polygons as riparian if they wéttgn 50
m of NHDWaterbody or NHDArea features touctong of the NHDFlowline features above, if they
were coded as lakePond or reservoir, for the former, or streamRiver, for the latter. We also attributed
wetland polygons that were within 10 m of the selected wetland polygons as riparian. The riparian
attribution must be considerm relatively inexact; bl set distance excludes and captures all appropriate
FSEFEGAZNB&E YR GNALI NARFYyE FSIFEGdZNBa KIF@S || gARS NI y3
slope wetlands that contribute water to streams anparian wetlandstiat receive water from streams.

Land ownership data was obtained from the Utah Automated Geographic Reference Center
(JAGRC]http://gis.utah.gov/data/sgidcadastre/lam-ownership accessean April 1, 2015 The AGRC
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ownership data includes information on the ownership type (private, state, federal, tribal) as well as the
managing agency and general classificative. used the AGRC layer in combination with an internal
layer of management areas digitizedthye UGS in 2013. The UGS management areas layerreasd
from a combination of parcel data atundary data obtain from individual land managérke layer
includes boundaries of privately owned cooperative wigdinanagement units (CWMUSs), privately
owned mitigation and conservation reserves, private duck hunting reserves, and state and federal land
managed for hunting, migratory birds, and other wildlife concerns. The CWMU program incentivizes
land owners to mad private land accessible to the public famting. Though land owners are not
requiredto follow a management plan and are nestricted to certain land usethey generally have a
high degree of cooperation and motivation fmaintaining andmprovingtheir wildlife habitat and thus
may typically providsomelevelof conservation

We assumed the UGS management areas layer was more accurate at depicting true
management status than the AGRC layer, but used the latter to fill in data when it was otherwis
missing. Weelassifiedownership into seven categoriémsed on focus of management and prevalence
of ownership type within data. Categories includgdte wildlife management areas.(.,wildlife areas
and waterfowl management areas), other state lgedy., state trust lands, state sovereign land, parks
and recreation), WasateGache National Forest, other federal land (e.g., Bureau of Reclamation, Bureau
2F [FYR alylF3SYSyds 1 Aff ! ANJ C2NOS . I aSozealJNAGI GS
Salt Lake Shorelands Preserve, privately owned duck clubs), CWMUSs, and other private land.

We obtained data on théocation and status df G F K 5 A @A & A 2y assdsnferit § SNJ v dzl f
unitsthat are used teevaluate water quality in streams and lakesnh the draft October 201-2014
draft integrated report (UtatDivision of Water Quality, 2014b and 20)4k/'e summarized the acreage
of riparian wetland area by landscape stress class for those assessments units listed as impaired in the
draft report basedon the riparian attribution described above.

We attributed wetland polygons as located in landscape positions with low, moderate, or severe
landscape distress based on the results ofltescape stress mod@Wenuz, 20156). To develop the
model, sresorswere assigned weights based on their hypothesized severityaagheicay function
based on the hypothesized decrease in severity with increasing distance from the stBissesors are
then added together to create a final model value. We obtainedntiean stress value for each wetland
polygons and converted the values M OKH )1 moderate(5 H n 1 | ) &d sEyer€rB00 stress.
Becawse stressor weights decay withcreasing distance from the stressor, many different combinations
of stressors canesult in the threshold values of 200 and 80eSimmediately adjacent to a single
minor stress such amirrigated hayfield, canal, urbgrark, or minor road would fall into the low stress
category Wetlands immediately adjacent to a singhepounded vaterbody,major road,oil or gas wel|l
or large minewould have a moderate stress value. Sites are only rated in the severe cavdgamythey
aremultiple adjacent stressors presefithe model only includes data on stressors with readily available
geospaial data; data on stressors such as livestock grazing intensixgauffvehicle travel, and nen
native species cover is not included in the model.
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5.0 SurveyResults

5.1 Sites Surveyed
5.1.1Sample Fram@ccuracy and Accessibility

We evaluated 142 sitds obtain 72 surveysites. We determined that 23 sites were not wetland
based on evaluation in the office and five sites either were not wetland or did not contain enough
wetland area to be surveydshsed on assessment in the fiefitesin the MontaneZonehad the most
survey points thawere not sampleable wetland4§% d evaluated sitek followed byFootslopesand
Foothills(approximately 2%);the remaining strata had 10% or less Awatland sitegtable 7).

Difficulty in obtaning access to sites led to the exclusion of 42 sites. Access was rarely denied; more
frequently, we were either unable to get ahold of landowners or landowners said they would like to
work with us but did not follow up with requested paperwork or othefoimation as neededAccess
was most difficult to obtain in th¥alleys and easiest in thedtane Zoneand Wetlands, whereas
other strata had similalevels of difficulty with access$n general, excluding sites from analysny had

a small impact on th proportion of sites in federal, state, or private ownersthipt were surveyed.
However, 25% less private sites were surveyed irllilasand 18% less pride sites were surveyed in
the Valleys than originally selecte@verall, our surgresults indiate approximately 10%esswetland
area than originally estimated by tidationalWetlands Inventory dataandan additional 27% of
wetland area is unknown due tack of access (tablg.qf the wetland area is similar to the surveyed
area in terms of pportion of nontarget wetlands, the about 87% of the mapped wetland area is
actually target wetland, or about 16,727 hectares.

To increase field efficiency, we only surveyed sites that we determined were probably (Class 1)
or possibly (Class 2) targeetlands during office evaluation. Twensjx survey sites were surveyed
without first being classified as to their likelihood of containing target wetlands. All of the Class 1
wetlands and 74% of the Class 2 wetlands were able to be surveyed in th©fidhe: excluded Class 2
sites, one was rejected because the land owner claimed that there was no wetland on his property and
the other five all had areas of wetland that were too small or did not meet the minimum width
requirement to be sampled. At leasit of these sites may have altered wetland area due to changes in
hydrology related to beaver activity.

We conducted a second office evaluation of the Class 3 (probably not wetland) and Class 4 (not
wetland) sites to evaluate whether wetland mapping virasorrect or wetland screening was too liberal
in rejecting wetland sites. We evaluated whether tiational Wetland Inventorygygon appeared
correct and whether any potential wetland was in the area, regardless of fidelity to the original
polygons. Offie 22 reexamined sites, data appeared correct at 11 sites, incorrect at 5, and unclear at
the remaining. Of the sites that appeared correct, eight were mapped as palustrine aquatic beds that
were rejected either because they appeared too small to sampleoause they appeared too deep in
imagery to contain aquatic bed. Two of the remaining sites were mapped as forested wetlands along
streams; these sites could have been wetland, but teesg canopy made it difficulbtevaluate.

National Wetlandnventoryspatial data for the last site appears to be spatially shifted from the true
wetland location and thus the selected sample point was too far from the actual wetland to survey. Of
the sites where data appeared incorrect, four were in the Footdapal one in the Foothills. Two of
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Table 7. Estimates of the percent and area of-temget, no access, and sampled wetlands, for the
Weber watershed, mjor ecoregions, and each stratuflank values indicate that no estimates were
made because the categy was not encountered for that analysis unit.

Non-target No Access Sampled
Analysis Unit % Estimated | % Estimated % Estimated
area | area (ha) | area area (ha) | area area (ha)
Entire watershed 103 (9810928:92) 27l (322(2}%49) 62.6 (931(2}’(1)2,47158)
S?jrlggailgg i 102 | (11a9388)| 218 | 099a825) | 2| e71r11081
Wetlands stratum 6.3 (061;549) 18.8 (1329?329614) =0 (59181-11%?299)
Footslopes stratum 250 (29?—?&54) 321 (492—?273) 429 (84ff§43)
Montane ecoregion 106 (32%88541) 408 (175(2}2360) 48.6 (2052252)88)
Valleys stratum 0 556 (1041131292) 44.4 (75141175698)
Foothills stratum 24.0 (16:?}75994) 28.0 (211':16269) 48.0 (503—?3)08)
Montane Zone stratum 46.2 (63??33) 7.7 (0?6) 46.2 (659530)
Uintas stratum 10.0 (0%23?9) 30.0 (163;24789) 60.0 (44%5;59)

thesesites may have contained some wetland (including a constructed pond) whereas the other three
did not appear to have wetland in the vicinity of the point.

5.1.2 Surveyed Sites

We conducted surveyat 72 sites betweerdune 25, 2014 and September 2614 (figure 2.
Surveyed sites included 33-#®radius circular plots, 35 freeform plots, and 4 rectangular plots. All
circular plots had an area of 501G rthe remaining plots ranged in area from 569 to 5688 with a
median area of 2288 mSites werdrequently moved in the field away from the original sample point,
usually due to large inclusions of upland or water (34 sites) or the presence of multiple Ecological
Sysems (13 sites)16 sites were not moved. The original randomly selected site peastlocated
within the final AA at 29 of the moved sites and was between 0.4 and 98.3 m of the new AA edge at the
remaining moved sites, with a median distance of 28.7 m.
5.1.3Wetland Indicators Present at Sites

We used a conservative approach to evatuahether sitesnet the Arny Corps definition of
hydrophytic vegetation by assuming that all species with missing wetland indicator values were upland
species. Despite this conservative approadhhuat three sites met the Army Corps definition of
hydrophytic vegetation based on the dominance test, meaning that the majority of the most abundant
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species across all strata were rated as obligate, facultative wetland, or facultative spaates.

additional site was not assessed for hydrophytic vegetation bez#uvas a playa with less than 1%
vegetation coverthis site had both hydric soils and indicators of wetland hydroldgy of thethree

sites that did not pass the dominance test digetthe definition of hydrophytic vegetation based on

the prevalencandex, meaning that sites had mostly obligate, facultative wetland, or facultative species
when all species were considerekhe third site would also likely meet both the prevalence and
dominance test if a less conservative method was used to evasipatees without indicatorsAimost
one-third of species at the site had no indicator rating, including one of the two dominant sp&hies.

site did not have clear indicators of wetland hydrology or sails.

Indicators of wetland hydrology wegenerally notecorded in the field. We used data collected
on water cover, algae mats, soil cracking, and other features and data collected in soil pits to assess the
presence of wetland hydrology indicators. We used plant data to determirether sites passed the
FACneutral test. Allbut three of the siteghat did not pass the FAGeutral testdid pass the wetland
hydrology testWeused GIS and soil profile data to evalutte indicators D2 (Topographic Position
Western Mountains only), D3 (Shallow aquitaadB7 (Inundation on aerial imagergnly at those
sites that did not already mesatetland hydrology requirements through othardicators We
attempted to evaluate C9 (Saturation on aerial imagery) in GIS as well, but did not feel confident in the
evaluations and did not assign this indicator to any sitesur sites did not haveinequivocalvetland
hydrologyindicators, including two in thBootslopesvhich hadno indicators present and @neach in
the Wetlands and Mntane Zonethat hadone secondary indid¢ar each(table 8. The most common
indicators of wetland hydrology included FA&utral test, saturationhighwater table and surface
water.

Twenty-one sites did not have any hydric soil indicators present, including all but two sites in the
Footslopesaind between one and three sites in all other stratum (table 9). Depleted matrix, loamy
mucky mineral, and histic epipedon were the most common indicators present. Indicators related to
organic soils were much more common in the montane ecoregion thameibasin and range. Typically
only one solil pit was dug per site, often in the middle of the wetland, even though hydric soil indicators
were developed to determine wetland boundaries. Additional pits would need to be dug at sites to
determine whether theydefinitively lack hydric soils.

5.1.4 Classification of Surveyed Sites

Sites were assigned Cowardin and HGM classifications based on their dominant class, though
they could potentially contain more than one class. All surveyed sites were classified as the Cowardin
palustrine system and aquatic bed, emergent, forested, ortsshuub classes, as intended by the
sample frame, except for one riverine aquatic bed site in the montane ecoregion and one each
lacustrine aquatic bed site and palustrine unconsolidated shore site in the basin and range ecoregion.
Sites in the basin an@nge included 1 with a J (intermittently flooded), 5 with an A (temporarily
flooded), 2 with a B (saturated), 9 with a C (seasonally flooded), 2 with an E (seasonally flooded and
saturated), and 5 with F or G (sepgrmanently flooded or wetter) Cowardinater regimes. In the
montane ecoregion, sites included 6 with an A, 19 with a B, 4 with a C, 13 with an E, and 5withan F or G
water regime. Application of HGM classifications to some surveyed wetlands was difficult because of
highly modified hydrology,articularly in the basin and range ecoregion. Sites around Great Salt Lake
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Table 8. Wetlandhydrology indicators observed at sitgger stratum Indictors in italics were not
uniformly evaluated acrosall sites and their totals are not representative. \énihed indicators are
secondary indicators; two are required to meet the U.S. Army Corps definition of wetland hydrology.
Indicators not evaluated for a particular region are indicatedNByunder strata in the region. A total of
12 sites were evaluatedep stratum.

Indicator Name ID Wetlands Footslopes  Valleys  Foothills M;r(l)t:ge Uintas | Total
Surface Water Al 5 4 4 2 2 3 20
High Water Table A2 5 4 8 4 4 9 34
Saturation A3 8 8 10 5 10 11 52
Drift Deposits B3 0 0 1 1 0 0 2
élr%zltMat or Crust/Biotic B4/B12 0 1 5 0 0 1 4
Surface Soil Cracks B6 4 3 0 0 1 0 8
Salt Crust B11 1 1 0 0 0 0 2
Hydrogen Sulfide Odor C1 1 0 0 1 1 2 5
Dry-Season Water Table Cc2 0 2 2 0 4 1 9
Geomorphic Position D2 NA NA 0 7 2 1 10
Shallow Aquitard D3 2 0 0 2 0 0 4
FAGNeutral Test D5 10 8 12 9 7 11 57
No indicator present (not in total) 1 2 0 0 1 0 5

Total 36 31 39 31 31 39

Table 9. Hydric soil indicators observed in solil pits. Indicator in italics is only evaluated on problem soils.

A total of twelve sites were surveyed per stratum, but multiple pits were dug at some sites.
Montane

Indicator Name ID Wetlands Footslopes Valleys  Foothills Zone Uintas | Total
Total number of pits 14 15 14 13 13 12 81
Histosol Al 0 0 3 0 2 3 8
HisticEpipedon A2 1 0 4 1 2 3 11
Black Histic A3 0 0 3 0 2 1 6
Hydrogen Sulfide A4 1 0 0 1 1 2 5
2 cm Muck Al0 0 0 1 0 0 0 1
Depleted Below Dark Surface  All 2 0 0 3 0 1 6
Thick Dark Surface Al2 0 0 1 0 0 1 2
Loamy Mucky Mineral F1 1 4 3 2 4 1 15
LoamyGleyed Matrix F2 2 1 1 0 0 0 4
Depleted Matrix F3 8 3 2 2 1 2 18
Redox Dark Surface F6 1 0 2 2 3 1 9
Red Parent Material TF2 0 0 0 1 0 1 2

Totals 16 8 20 12 15 16

Pits with no indicators 3 10 3 4 3 1 24
Sites with no indicators 2 10 2 3 3 21
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that received water directly from canals were classified as riverine due to their connection to riverine
inputs, even though they were often actually depressional impoundments. A more appropriate HGM
based classified should be developed from the basinrande sites. The majority of Wetlands sites
received water from direct application via managed whereas the majority of sites in the Footslopes
received water via irrigation from tail water reoff (table 10). In the montane ecoregion, 6 sites were
classified as depressional, 2 as lacustrine fringe, 15 as riverine, and 25 as slope. Growuhhwateted
sites were less common in the Valleys than in other montane ecoregion strata and irrigatiaih via
water run-off was more common in the Valleys and Ebapes than any other strata.

We estimated the total area of each Ecological System within the sample frangethsi
spsurvey package (table J11n thebasin and rangeapproximately half of thevetland areais Inter-
Mountain Basins Alkaline Closed Deien(alkaline depressiorgnd approximately one third of the
area is North American Arid West Emergent Mdeshergent marsh)Estimates only apply to wetlands
within the sample frame, which consisted of palustrine vegetated wetlands, so total areayaf plaich
are frequently unvegetated, anemergent marshwhich are often lacustrine, likely muchhigher than
the estimatesin the basin and range ecoregidm the montane ecoregigmwetland area is
predominantlywet meadowwith smaller components afppermontane shrublanéndRocky
Mountain Lower Montand-oothill Riparian Woodland and Shrublgialver montanewoodland.

Another 11% of area emergent marshthough, as for théasin and rangethere is probably additional
emergent marshhat was notpart of theoriginalsample frame

Table 10. Number of sites per strata with listed water source; number of dominant sites shown in
parenthesis.

Water Source/Strata Wetlands | Footslopes| Valleys Foothills McZJr;t::e Uintas
Natural Sources of Water
Subsurface floodplain flow 5(2) 5(3) 3(2) 6 (2)
Natural surface flow 1(1) 1 1 3 1 5(2)
Overbank flooding from channel 2 2 (2) 2 2
Overbank flooding from lake 1
Direct precipitation 2 3(1) 1 4 1
Direct snowmelt 3 4(2) 2
Groundwaterdischarge 2 6 8 (3) 9 (6) 9 (4)
Unnatural Sources of Water
Irrigation via direct application 8 (7) 4(2) 1(1)
Irrigation via seepage 1 2 1
Irrigation via tail water ruroff 3 10 (6) 5(2) 3(1) 1
Discharge from impoundment release 1 1
Overflow fromartificial impoundment 1 1(1) 1(1)
Pipes directly feeding wetlands 1
Urban runoff, culverts 1(1) 3 3
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Table 11. Percent of wetlands and total wetland area for each Ecological System, by ecéuegionas
adjusted by removing netarget wetland area and a percent of the-aocess wetland area from the
total area estimate.

Ecological System by Ecoregion %(95% CI) '?;Z?
Central Basin and Range

Great Basin Foothill aricower Montane Riparian Woodland aBtirubland 1.1(0-3.1) 133
Inter-Mountain Basins Alkaline Closed Depression 54.4(32-76.8) 6535
Inter-Mountain Basins Greasewood Flat 1.1(0-3.2) 133
Inter-Mountain Basins Playa 7.2(0-19.3) 867
North American AridVest Emergent Marsh 36.1(14.657.6) 4337
Wasatch and Uinta Mountains and Wyoming Basin

North American Arid West Emergent Marsh 11.0(2.519.4) 515
Rocky Mountain Alpinéontane Wet Meadow 75.3(66.1:84.5) 3540
Rocky Mountain Lower MontareoothillRiparian Woodland and Shrublan 4.7 (0-10.5) 221
Rocky Mountain SubalpiAdontane Riparian Shrubland 9.0(3.1:15) 425

5.1.5 Water Quality Data

Water qualitysamples wereollecied at 29 sites, includintpree siteseachin the Foothills and
Montane Zone four in the \lleys, five ireachthe Wetlands and-ootslopesand nine in thaJintas We
report pH data from field samples rather than laboratory samples because pH values can change rapidly
after sample collection. At sites where laboratory dateswallected, the widest range of pH values was
found in theUintas where two sites had values belowahd tree sites had field pH values aleo®,
including one each in the ®lands,Foothills andMontane Zongtable 12. FoothillsandMontane Zone
siteshadhigher pH values andootslopessiteshadlower pH valuesThe majority of samples had
specific conductance values belgwn n >, sh& thréshold used to distinguish freshwater from
oligohaline inNational Wetland Inventorypnapping(Federal GeograpbiData Committee, 2013hough
all Wetlandssamplesthree of fiveFootslopesamples, and one of folralleyssamples were
oligohaline Many sites in thaJintashadvery lowspecific conductancealues in comparison to all
others sites, frequently belo®w0> a K/2m. The highest values for suspended solids and volatile solids
were in theFootslopesMost strata had volatile solids values below thamimum reporting limit, the
value at whichthe signal is strong enough to accurately quaritifg results.

Most sample$ad nitrogen in ammonium and in nitrate plus nitrite in very low concentrations,
below the mnimum reporting limit (table 1B Footslopeshowever, hadletectable levels of ammonium
at all sites and the highest detected levels of ammamacros all sitesand half of theValleyssiteshad
detectable nitrate plus nitrite level§.ootslopesamples had the highest minimum, median, and
maximum total nitrogen and total organic nitrogen values whereasthills, Montane ZoneandUintas
samples weralmost always among the lowedtotal digested phosphorus showed a similar pattern.

Ratios of total nitrogeffTN)to total phosphorus (TP) were highest\ialleysand Uintassamples, often
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Table 12Basic chemistry and organic matter minimum, median, @wagimum values, per stratum. All
data from laboratory analysis except for pH, obtained in the field from handheld-paridimeter

meters. Number following each stratum indicates total number of samples in the strata. Number
following units for each constient, when present, indicates the minimum reporting limit, the value at
which signal is strong enough to accurately quantify versus merely detect. Values below this limit are
shown in grey.

Stratum | Minimum | Median | Maximum
pH (field data from water qualitysample locations)
Wetlands (n=5) 7.8 8.6 9.0
Footslopes (n=5) 7.2 7.7 8.2
Valleys (n=4) 7.3 8.0 8.2
Foothills (n=3) 7.9 8.4 9.4
Montane Zone (n=3) 8.0 8.5 9.2
Uintas (n=9) 6.1 8.3 9.0
{LISOAFTAO [/ 2yRdzOiGFYOS G Hpg
Wetlands (n=5) 846 1640 3580
Footslopes (n=5) 399 958 3070
Valleys (n=4) 450 632 1938
Foothills (n=3) 432 565 639
Montane Zone (n=3) 173 263 410
Uintas (n=9) 14 36 525
DissolvedSolids, Tota(TDS) (mg/l)

Wetlands (n=5) 490 982 1940
Footslopes (n=5) 232 546 1758
Valleys(n=4) 262 385 1028
Foothills (n=3) 238 356 366
Montane Zone (n=3) 150 204 246
Uintas (n=9) 16 28 298
Suspended Solidspfal (TSS) (mg/l) (4)

Wetlands (n=5) 4.4 85.3
Footslopes (n=5) 26.0 42.4 463.0
Valleys (n=4) 5.6 12.6 114.0
Foothills (n=3) 5.2 5.2 12.4
Montane Zone (n=3) 8.0 24.8 36.0
Uintas (n=9) 36.0
Volatile Solids, total (TVS) (mg/l) (5)

Wetlands (n=5) 12.8
Footslopes (n=5) 16.8 138.4
Valleys (n=4) 12.7
Foothills (n=3)

Montane Zone (n=3) 9.2
Uintas (n=9) 10.8
Organic Carbon, total (mg/l) (0.5)

Wetlands (n=5) 6.1 12.4 32.6
Footslopes (n=5) 5.0 5.8 34.8
Valleys (n=4) 21 6.5 15.9
Foothills (n=3) 1.9 2.8 6.0
Montane Zone (n=3) 2.0 3.7 5.8
Uintas (n=9) 21 5.2 9.9
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Table 13. Nutrient and constituent ratio minimum, median, and maximum values, per stratum. Number
following each stratum indicates total number of samples in the strata. Number following units for each
constituent, when present, indicates the minimum regog limit, the value at which signal is strong
enough to accurately quantify versus merely detect. Values below this limit are shown in grey.

Stratum | Minimum | Median | Maximum
Ammonium (NH4N, total (mg/l) (0.05)
Wetlands (n=5) 0.07 0.38
Footslopegn=5) 0.07 0.23 1.55
Valleys (n=4)
Foothills (n=3) 0.09
Montane Zone (n=3)
Uintas (n=9)
Nitrate + Nitrite (NO3 + NOZY, total (mg/l) (0.1)
Wetlands (n=5) 2.47
Footslopes (n=5) 2.58
Valleys (n=4) 0.48 1.38
Foothills (n=3) 0.45
Montane Zone (n=3) 0.25
Uintas (n=9)
Nitrogen, total (mg/l) (0.2)
Wetlands (n=5) 0.53 1.48 4.01
Footslopes (n=5) 1.10 3.60 7.67
Valleys (n=4) 0.97 1.14 1.68
Foothills (n=3) 0.64 0.65
Montane Zone (n=3) 0.28 0.60 0.86
Uintas (n=9) 0.26 0.48 0.75
Organic N, total (mg/l)
Wetlands (n=5) 0.49 1.39 2.83
Footslopes (n=5) 0.76 1.58 6.96
Valleys (n=4) 0.18 0.59 1.12
Foothills (n=3) 0.06 0.10 0.55
Montane (n=3) 0.26 0.58 0.59
Uintas (n=9) 0.24 0.44 0.73
Phosphorus, total (digested) (mg/l) (0.02)
Wetlands (n=5) 0.04 0.21 0.86
Footslopes (n=5) 0.14 0.60 2.93
Valleys (n=4) 0.03 0.05 0.38
Foothills (n=3) 0.03 0.08 0.11
Montane Zone (n=3) 0.05 0.08 0.11
Uintas (n=9) 0.02 0.07
Total Nitrogen: Total Phosphorus (ratio)
Wetlands (n=5) 4.6 7.0 15.7
Footslopes (n=5) 1.0 6.0 17.7
Valleys (n=4) 3.2 28.3 45.4
Foothills (n=3) 4.9 5.7 8.3
Montane Zone (n=3) 2.6 10.4 11.3
Uintas (n=9) 4.2 38.9 62.6
Total Organic Carbon: Total Organic Nitrogen
Wetlands (n=5) 5.6 9.3 12.5
Footslopes (n=5) 0.7 6.2 20.3
Valleys (n=4) 7.4 12.0 14.2
Foothills (n=3) 10.9 26.8 31.6
Montane Zone (n=3) 3.4 9.9 14.1
Uintas (n=9) 5.9 11.0 41.7
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exceeding 35Previous workcapturedthat lakes and oceans are typically nitrogienited when
TN:TP<9.0 (by mass, reported as 20 molar by Guildford and Hecky, 2000) and phekplitexdis/hen
TN:TP>22.6 (hyass, reported as 50 by Guildford and Hecky, 208@tland vegetation may obtain
more nutrients from soil than the water column, so these ratiosnot necessarily reflect nutrient
limitation inwetlands. Howeverunder those thresholds, ¥llands,Footsligpes andFoothillstypically
hadlow (nitrogenlimited) ratios, \lleys andJintashadboth low and high ratios, and dhtaneZone
siteswerein the middle. Sites in theintashad the highest ratio valueslowevertotal phosphorus
values were often belowne minimum reporting limitvhichmay suggest that ratios are not entirely
accurate.The ratio of total organic carbon to total organic nitrogen can indittagesource of organic
matter inthe water and the relative decomposition rates. Ratios below Iidicate more algae or
proteins in the water hat are more readily decomposewtios between 15 and 25:1 can indicate green
emergent leaves such as cattails dtitagmitesaustralis and ratios over 30 can indicate non
photosynthetic stems and woodjyebris Almost all samples had ratios below 15, except for one site
each in theFootslopesand Uintasthat hadratios between 15 and 25 and tweoothillsand oneUintas
site that hadratios between 25 and 42.

Sulfate was highest e Wetlandssamples and belw the minimum reporting level for all
Montane Zoneand Uintassamples (table 14Footslopes andVetlands samplesadamongst the
highest values for most cations and anions, including chloride, calcium, magnesium, and sodium, though
results were more mixed between low and high values for potass8amples from the dlleys and
Foothillstended to have the lowest potagsn values and highest calcium valuedereas Mntane
Zonesites tended to be low for all anions and cations except for calciumUirtiaswere low for almost
all values.

5.2 Stressors on the Landscape
5.2.1 Water Quality Stressors

Potential water qualitystressors were identified prior to site visits based on GIS analysis of land
cover surrounding sites and probable sources of water flow to ditethe field, stressors within® m
of sites were evaluated to determine their likely contribution to nuttjiamater contaminant, and
sediment stress effects to the AA based on their hydrologic connectivity to the site and severity of
stress Water quality stressors directly within the AAs were not recordasture and rangeland in the
200 m buffer and developent and cropland, identified in the office evaluation, were the mashmon
stressors overall (tde 15. TheFootslopedad the most stressors ideniid in both the office and the
200 m buffer and had the most stressors listed as moderatewere instad of low,in contrast
Wetlands had many stressors identified in the office, but very few in the 100 m buifier'\\etlands
andFootslopesites were frequently hydrologically connectedpoint source dischargemsith Utah
Pollutant Discharge Elimination Syst@dPDES)ermits. The most commn stressors identified in the
MontaneZoneand Uintassites were found in the 100 m buffers rather than in the more lands¢capde
office evaluation, including pasture anchgeland, small dikes, and paved roadalleysand Foothills
sites had a moderate number of water quality stressors recorded at both st@ksyssites were the
most likely to have paved roads@agricultural stressors within 100,rand Foothillssiteswere the
most likely topotentially be affected by oil and gas extraction or mines based on the office evaluation.
Overall, low severity water quality sgsors were the most common. High severity stressors were only
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Table 14. Major anions and cationsdaaikalinity minimum, median, and maximum values, per stratum.
Number following each stratum indicates total number of samples in the strata. Number following units
for each constituent, when present, indicates the minimum reporting limit, the value athndignal is
strong enough to accurately quantify versus merely detect. Values below this limit are shown in grey.

Stratum | Minimum | Median | Maximum
Sulfate (mg/l) (20)
Wetlands (n=5) 38.0 42.8 168.0
Footslopes (n=5) 26.6 29.7 44.5
Valleys (n=4) 8.0 22.9 43.5
Foothills (n=3) 26.8 37.3
Montane Zone (n=3)
Uintas (n=9)
Chloride (mg/l) (1)
Wetlands (n=5) 86.3 260.0 843.0
Footslopes (n=5) 5.7 88.9 599.0
Valleys (n=4) 17.7 38.6 424.0
Foothills (n=3) 26.7 48.3 204.0
MontaneZone (n=3) 2.5 2.6 8.6
Uintas (n=9) 1.8 2.4 5.2
Calcium (mg/l) (1)
Wetlands (n=5) 155 46.0 78.6
Footslopes (n=5) 41.6 59.4 85.0
Valleys (n=4) 30.6 65.2 83.2
Foothills (n=3) 63.9 71.2 78.8
Montane Zone (n=3) 17.1 71.9 81.1
Uintas (n=9) 1.3 3.3 83.7
Magnesium (mg/l) (1)
Wetlands (n=5) 16.0 42.7 60.8
Footslopes (n=5) 12.2 25.1 34.8
Valleys (n=4) 9.1 16.8 21.6
Foothills (n=3) 8.8 17.5 215
Montane Zone (n=3) 1.7 4.4 4.7
Uintas (n=9) 16.8
Potassium (mg/l) (1)
Wetlands (n=5) 4.9 16.8 71.3
Footslopes (n=5) 3.9 9.7 26.0
Valleys (n=4) 1.6 3.0 4.0
Foothills (n=3) 1.8 2.3
Montane Zone (n=3) 3.7
Uintas (n=9) 5.9
Sodium (mg/l) (1)
Wetlands (n=5) 64.7 179.0 490.9
Footslopes (n=5) 23.6 96.3 520.0
Valleys (n=4) 12.0 22.6 279.0
Foothills (n=3) 3.1 26.3 34.8
Montane Zone (n=3) 17 2.1 7.6
Uintas (n=9) 2.3 6.0
Alkalinity, total (mg CaCO3/l)
Wetlands (n=5) 127.0 279.0 320.0
Footslopes (n=5) 155.0 239.0 609.0
Valleys (n=4) 175.0 219.0 262.0
Foothills (n=3) 203.0 216.0 261.0
Montane Zone (n=3) 61.0 180.0 215.0
Uintas (n=9) 4.0 12.0 274.0
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Table 15. Numbeof sites withmoderate or higlstress for the most common water quality stressors
identified in the office evaluation or in the fielthd percent of sites with stressor recorded at any
severity level, in parenthesigor the office evaluation, any potential stressor that may reach the site
was identified; in the field evaluation, only stressors within 200 meters of sites were listed.

Stressor Wetlands | Footslopes| Valleys | Foothills Montane Uintas TOt?" %
Zone of sites
10 4 2 0 0
Cropland 10 (100%) (100%) (50%) (25%) (0%) (0%) 45.80%
Stressor "T;E‘:fg’(':zus 4 8 5 0 1 0 | eo0
identified ' (75%) (100%) (91.7%) | (50%) (8.3%) | (8.3%) '
in the development.
office UPDES permit 6 6 0 0 0 0 34.70%
facilities (91.7%) (83.3%) (25%) (8.3%) (0%) (0%) '
Mines, oil and 0 0 0 1 0 0 13.90%
gas extraction (8.3%) (8.3%) (0%) (50%) (16.7%) (0%) '
Pasture,
rangeland, 3 4 3 2 2 1 65.30%
managed (58.3%) (91.7%) | (58.3%)| (83.3%) (75%) | (33.3%) ’
grazing
Agriculture 0 1 5 0 0 0
(ﬁg‘l’gig h;é’r'gg)’ %) | (333%) | (4L7%)| (16.7%) | (0%) | (0%) | °30%
Stressor Off-road vehicle
identified substrate 0 0 0 0 0 0 15.30%
in 200 m . (25%) (16.7%) (25%) | (16.7%) (0%) (8.3%) ’
buffer d!sturbance
Dikes, dams, 0 3 0 0 1 0
around 15.30%
site _ levees _ (0%) (33.3%) (25%) (0%) (25%) (8.3%)
Dirt road or high 0 0 0 0 0 0 15.30%
use ATV road (0%) (25%) (16.7%) | (16.7%) | (16.7%) | (16.7%) '
Paved, g_ravel 0 1 1 1 0 1
road t?;glf;'mad (25%) 25%) | (a1.7%)| (25%) | (0%) | (25%) | 19:40%
Residential 0 0 2 0 0 0 15.30%
homes (0%) (25%) (33.3%)| (16.7%) | (8.3%) (0%)

recordedtwice in the buffer and 14 times in the office evaluation; all of the high severity stressors
occurrences were ithe Valleys,Footslopesand Wetlands.
5.2.2 Hydroperiod Stressors

Similar towater quality stressors, potential hydroperiod stressors were recorded in both the
office based on a landscape evaluatenmd within a 10Gn buffer during field survey$lydroperiod
stressors were very common at the landscape scale; evenndite Footdopes Valleys, and Wtlands
and all but two sites ithe Foothillshad at least one stressoecordedand a mean of 3./Hydroperiod
modifications were much less common in th®ntaneZoneandUintas recorded at 3 and 6 sites,
respectively. Most sites ithe Footslopegn=11), \lleys (n=10), and ¥flands (n=12) had at least one
stressor recorded as moderate to high severity; other strata had three or less sites with severity above
low for any landscape stress@tesin the Wetlandsvere the most likelyo have controlled hydrology
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with water levelcontrol structures, maaged dams, and managed ditchésotslopesvere the most

likely to havdess directly manageklydrologic modificationincludingimpoundments, ditcks, and
irrigation return flows(table 16). More stressors were identified in the office than in the 200 m buffer
surrounding sites, though some stressors for some strata were identified more frequently in the field
and some stressors could only be evaluatethie field. More sites in the bhtane Zonewere identified

as affected by dams or roads than were recorded in the office and more ditching was recoxdalbys
sites than recorded in the offic&ubstrate disturbance from livestock or from-obfad vehicles affected
ponding of water about 50% of sites but was almost always recorded at low severity. Dredged
depressions were at 13.9% of sitesodiification of natural flow paths (n=2) and plugging of natural
channels (rl)were only recordedht sites in the~oothills

Table 16. Numbeof sites with moderate or high severity hydroperiod stressors and overall percent of
sites with stressor recorded for common hydroperiod stressors, listed as # moderate, # high (overall
percent). Stressors in italics were recorded during the office etialyeother stressors were recorded
within a 200 m buffer surrounding the survey site.

Potential Hydroperiod Wetlands | Footslopes | Valleys | Foothills Montane Uintas
Stressor Zone
Control structures that 3,3 1,2 1,1 0,0 0,0 1,0
regulate inflow into AA (66.7%) (33.3%) (16.7%) (8.3%) (0%) (8.3%)
Control structures that 3,1 0,0 1,1 0,0 0,0 0,0
regulate outflow from AA (41.7%) (0%) (16.7%) (0%) (0%) (0%)
Water level control structure 2,1 0,0 Lo 0,0 0,0 0,0
(25%) (8.3%) (8.3%) (0%) (0%) (8.3%)
Impounding dam, road, etc. 1,3 1,1 1,2 0,1 0,0 0,0
affecting outflow 50% 66.7% 41.7% 16.7% 0% 0%
g
Impounding dam, road, etc. 3,4 1,3 1,0 0,2 0,1 1,0
affecting inflow (91.7%) (66.7%) (33.3%) (50%) (16.7%) (25%)
Dikes/dams/levees/berm 0,1 L3 3,0 L1 0,2 L0
(8.3%) (33.3%) (33.3%) | (16.7%) (25%) (16.7%)
Roads or railroad tracks (any 2,3 0,1 1,1 0,0 0,0 0,0
substrate) (58.3%) (33.3%) (58.3%) | (33.3%) (25%) (16.7%)
Ditches or modified channels 4,4 4,2 2,0 0,0 0,0 0,1
feeding AA (91.7%) (66.7%) (16.7%) | (16.7%) (8.3%) (16.7%)
Ditches, drain tiles increasing 0,0 3,2 0,0 0,0 0,0 0,0
outflow from AA (8.3%) (83.3%) (0%) (16.7%) (0%) (0%)
Ditchin 0,1 3,3 1,1 2,0 0,0 1,0
9 (16.7%) (75%) (33.3%) | (16.7%) (0%) (16.7%)
Irrigation return flows 3,2 45 41 2,0 0,0 0,0
9 (83.3%) (91.7%) (50%) (41.7%) (8.3%) (0%)
Agriculture (crops, haying, 0,0 1,0 2,0 0,1 0,0 0,0
etc.) (0%) (25%) (41.7%) (16.7%) (0%) (0%)
Impervious surface in 2,0 4,0 2,1 0,0 1,0 0,0
contributing area (66.7%) (83.3%) (91.7%) | (41.7%) (8.3%) (25%)
Dredged depression 0,1 0,2 10 0,0 11 0,0
ged dep 8.3%) | (16.7%) | (16.7%)| (16.7%) (25%) (0%)
Off-road vehicles or livestock 2,0 3,1 0,0 2,0 1,0 0,0
substratedisturbance (66.7%) (58.3%) (41.7%) (75%) (66.7%) (41.7%)
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Hydroperiod stressors observed directly within sites were also recoiies highest impact
hydroperiod stressoraere generally absent from sites because sites were moved to encompass a single
wetland not divided by major changes in hydrology. Nonethelass site had a water control structure
recorded directly within the site. This site had a PVC pipe going srwal pond within theAA One site
had a dike within the site and two sites haddenceof channelization. Soil compaction and pugging
from off-road vehicles and livestock, however, were by far the rhgsiroperiod stressors withiAAs.

One or bothstressorsvererecorded at 41 sitesthough offroad vehicle compaction was usually
recorded in only a small portion of theA Moderate to high severity livestock pugging covering over
10% of sites was at folrootslopessites, ong-oothillssite, and ondJintassite.

5.2.3 OtherCommon Stressors

ld ftSrad 2yS aGNB&aaz2N ga NBO2NRSR Ay St OK
in the Uintas the mean number of buffer stressors per site was 4.8 with a maximum of 10 stressors
recorded at onesite. Forty-six sites had at least some land in the surrounding buffer converted to
unnatural land covers such as agricultutevelopment, or roads (table L inear disturbance features
such as roads, railroad tracks, and utility corridors were comma@ti strata whereas agricultural and
development stressorgere almost exclusively iRootslopesValleys andFoothillsbuffers.Over 25% of
the buffer area at eight sites was converted to development, agriculture, or linear disturbance features,
includng oneFoothills two Footslopesand fiveValleyssites.

a A

Table 17. Common stressors found in 200 meter area surrounding wetland assessment sites. Data is
presented as the mean percent of the assessment azaipied by stressor (converted from the
midpoint of cover classes) followed by the number of sites where the stressor was found in parenthesis.

Mean percent of buffer area, for sites where stressor found (total number o Total
sites)
Stressors ) Montane ) _#
Wetlands | Footslopes | Valleys Foothills Zone Uintas sites
Row crops, hay, 0% 19.4% 11.5% 20.3% 0% 0% 14
recreational park (0) (5) (6) 3) (0) (0)
Developmerit 0% 10.8% 18.9% 3.9% 10% 0% 15
) (4) (6) 4) 1) 0)
Roads, railroads, 2.6% 7.7% 5.7% 9.4% 3.5% 5.2% a1
utility corridors 7 (7) (9) 7 (6) (5)
Total land 2.6% 19.4% 23.4% 17.8% 5.2% 5.2% 46
conversiofi (7) (10) (10) (8) (6) (5)
Off-road vehicle 2.0% 4.1% 5.0% 5.0% 0% 5.0% 20
disturbance (6) (5) (4) 3) (0) (2)
Pasture, rangeland, 49.0% 72.8% 53.6% 66.1% 74.0%
managed grazing (10) (12) (7) 60.5% (11) (11) (5) 56
Nuisance algae 2.8% 13.3% 5% 2.8% 2.8% 0% 15
2 (5) 1) (2 ) (0)
Norrnative plant 35.5% 32.9% 41.5% 30.0% 23.9% 14.8% 62
cover (11) (12) (12) (10) (9) (8)

!Includes residential and commercial buildings, oil and gas wells, and livestock holding pens.

*Sum of previous three categories.
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Disturbances besides land conversion were also common:ndtve plant species cover was
the mostcommonly recorded stressoraBhstratum had six or severites where nomnative cover was
recordedwith at least 10% cover arat moderate or high severity, except forthe Uintasand
Montane ZoneRangeland, pasture, or managed grazuag also vergommon,found at over three
guarters of sitesModerate severity grazing covering at least 10% of the buffer was most common in the
Footslopeswhere it was found at seven sites; all other strata had only two or three such sites. High
severity grazing wasnly recordedat over 10% of théuffer at one site each in thEootslopesand
Valleys Off-road vehicle substrate disturbance was recorded at between two and six sites per strata, but
was almost always low severity and always less than 10% @éfAHduisance algae was mosbmmon
and severen the buffer ofFootslopessites, where it was found at five sites, had up to 38% cover at one
site, and was the only strata with severity above low recordetther stressors reorded in buffers
included trash(n=19) trails (n=8), and vegetation contrelich asnowing, chemical control, and
mechanical plant removal (n=5).

We recorded stressors present directly in the Aghiiee categories: hydroperiodiegetation,
and physical structur@able 18. Thirty-two sites tad stressors recorded in all three egbries, 17 in
two categoriesand 11 in one, and 12 sites had no stressors recorded. The maaber ofstressors
per site was 2.6anda maximum of nine stressovgererecorded at one site. Livestock pugging and
trampling that affected hydroperiod and physical structure of sites were most common, followed by
browse on vegetation from domestic grazing. No other stressors were found at over one fifth of the
sites. These stressqrong with moderate to heavy formatioof algae were alsathe only stressors
that werecommonly recordd as moderate to high severity.

Table 18Stressors present in the assessment area at least at three sites, by strata. Stressors were
evaluated separately for effects on hydroperiod, physical structure, and vegetation.

Stressor Wetlands | Footslopes| Valleys | Foothills M;r;tr?ene Uinta
Hydroperiod
Livestock pugging, trampling, digging 42% 75% 25% 67% 67% 33%
Rutting, soil compaction from vehicles 33% 25% 8% 17% 0% 0%
Physical
Trash 17% 25% 33% 8% 17% 8%
Rutting, soil compaction from vehicles 25% 33% 8% 25% 0% 0%
Livestockpugging, trampling, digging 33% 83% 33% 50% 58% 25%
Vegetation
Grazing and browsing by domestic anima| 33% 67% 25% 58% 58% 25%
Moderate, heavy formation of filamentous
algae 17% 33% 25% 8% 25% 8%
Off-road travel by vehicle, machinery, etc. 17% 8% 8% 17% 0% 0%
Upland plant species encroachment 17% 8% 8% 25% 17% 8%
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5.2.4Parameter Estimates on Select Stressors

An estimated 28.9%f all target wetland area in thé/eber River watershelas visible evidence
of some livestock grazing disturbandigure 3).Footslopesvetlandshave significantly more grazing
than other strata, based on the Wadtiatistic;about 79.2% of the areia grazed. Th&Jintas Valleys
and Wetlands had leswithin-wetland grazing than other stratdhe percent ofvetlandarea with
moderate to high severity grazing in the montane ecoregion is almost twice as much as the basin and
range, 30.7% versus 16.8%, though differences in the cumulative density functions were not statistically
significant. About twethirds of Footslogswetland area and just under half Bbothillswetland area is
estimated to be subject to moderate to heavy grazing, compared to approximatehguemter or less in
other strata.

The amount of wetland buffer area estimated to have grazing ranged from 35.4%ilintzes
to 84.2% in thd-ootslopes Strata had between 16.7 and 27.1% of buffer area witiilerate to heavy
grazing, except for thEootslopeswhich had58.3% of the wetlad area. Cumulative density functions
for extent of buffer grazing did not differ between sitésmuchhigherpercent of area was grazed in
the buffer rather tharthe wetlands themselves in thdontane Zoneand Wetlands; other strata
showed much smalleritference. Thd=oothillshad more than twice as much moderate to heavily
grazed area in wetlands themselves compa@the buffers. ThdJintasand Footslopedoth had
slightly more moderate to heavily grazed area in the wetlands than the buffer anchel strata had
more intense grazing in the bufféman in the wetlands.

About 1% of all wetland area in the watershed and in each ecoregion has substrate disturba
from off-road vehicle uséfigure 3). The disturbands most widespread in th&ootslope (6.7% of area)
and in theFoothills(2.5% of area)About twice as much substrate disturbanisen the buffer as in the
wetlands for the whole watershed and in each ecoregion, though-thatslopeshadalmost twice as
much disturbance in the wetlands as in buffers and substantially more disturbance was in the buffer
than in the wetlands in the Wetlands, Valleys, and Uintas.

5.3 Rapid Assessment Results

The majority of sites in the watershed, each ecoregion, and aliheutintas stratum received
an overall score of B (figure 4). Only twelve sites received scores of C, including four in the Footslopes,
four in the Foothills, three in the Wetlands, and one in the Valleys. One site in the Footslopes received
an overall sore of D. Valleys, Wetlands, and Foothills each had one site scored as A and the Footslopes
had none. The Montane Zone and Uintas differed from all other strata in their cumulative distribution of
overall URAP scores and had higher scores in generak(Byur

The Uintas and Montane Zone had the highest percent of sites scored as A for the landscape
category score and no sites scored as C, whereas most other strata had predominantly B sites (figure 4).
Only one site, in the Valleys, was scored as D ®ighdscape category. The majority of sites in all
strata were surrounded by an average of 95 m of buffer land cover extending out from their entire edge
(figure 6). Only three sites received scores of C or D for buffer width, indicating average wislthsies
50 and 25 m, respectively. These sites included one site in the Valleys and Footslopes surrounded by
roads and one Valleys site surrounded by agriculture and rural development. Soil andthen
ALISOASAQ RAAGANDF yOSa msbuiigknkrdly mifos mostaiEeFweBcoreddds 02 Y
or B for the two metrics. Soil disturbances were most common in the Footslopes; sites in this stratum
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Figure 3. Percent of total area with evidence of livestock grazing or substrate disturbance firo@dof
vehicles, for wetlands and surrounding buffers in the Weber watershed, the basin and range and
montane ecoregions, and strata. Area with grazing is shown for total area and area with moderate to
high severity grazing. Estimates were taken from the @f the extent classes, so stressor extents may
be overestimated.
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Figure4. Percent of sites with URAP category and overall scores in the A, B, or C/D ranks, with 95% confidence intervals.
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Figure 6. Liadscape metric ratings by stratum, showing proportion of sites in eadh ran

werealso the only to be scored as D. At least one site in the Valleys, Wetlands, and Foothills was scored
as D for buffer vegetation; Wetlands sites in general had the lowest buffer vegetation condition scores.
Despite relatively intact buffers, the largentdscape around sites was frequently fragmented. Five or

more sites each in the Footslopes, Valleys, and Foothills were rated as C or D in the percent intact
landscape metric, which is evaluated up to 500 m from sites. Sites were also frequently embedded
within wetlands that were not entirely hydrologically intact, due to features such as berms, entrenched
channels and roads.

Footslopes and Foothills sites had the poorest physical substrate condition and were also the
only strata with sites that received s&s of D (figure 4). The remaining strata had at least 42% of sites
scored as A, sites in the Uintas and Valleys had the most intact physical substrate. The physical substrate
category was composed of a single metric, soil and substrate disturbance, 8o rastilts are identical
to category results (figure 7).
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Figure 7. Vegetation structure and soil and substrate disturbance metric ratings by stratum, showing
proportion of sites in each rank. The adjusted horizontal interspersion metric lists ratine folaya,
alkaline depression, and marsh sites as NA.

Almost all survey sites in the basin and range ecoregion were either in A condition or C or D
condition in the vegetation structure category; only one site, in the Footslopes, was scored aseB (figu
4). At most sites in the ecoregion, only the litter accumulation metric, which does not have a B ranking,
was evaluated for the vegetation structure category. Woody species were largely absent and the
interspersion metric was dropped for the common Bgital Systems in the ecoregion. Over half of
wetlands in all strata in ecoregions except the Foothills were scored as A in this category. Sites were
almost always scored as A for litter accumulation and, when applicable, for woody debris and woody
speciegegeneration (figure 7). Litter accumulation was somewhat lacking or completely lacking at three
Footslopes and Foothills sites. Little litter accumulation was likely from the removal of vegetation due to
grazing pressure. Litter accumulation was somevexatessive or excessive at eight sites in the
Footslopes, Valleys, and Wetlands. For the majority of excessive litter sites, litter accumulation was due

50






















































































































































