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Abstract

The northernprairie pothole region (NPPR) in central and southern Alberta contains numerous
shallow, openwvater pothole wetlands that provide important ecosystem services to the regia as
flood mitigation. To address the ongoing destruction of these systems, the Alberta government has put
forth a new wetland policy to mitigate wetland loss and mandate wetland restoration to offset wetland
loss. However, to evaluate the success oflamd restoration a tool is needed to assess wetland
condition. An ideal tool for this management objective im@timetric index (MMI).

Multimetric ecological assessments such as the Index of Biotic Integrity use the responses of a
specific liotic group as an indicator of disturbance, alleviating the need for complex direct measures of
anthropogenic disturbanceMultimetric indices are used throughout the world to assess the condition
of several ecosystems, and are applicable to wetladstiands h the NPPR haveniquevegetation
that is responive to anthropogenic disturbancel. hypothesize that both the floristic attributes of
wetland vegetation in this region and the distinct patternyefetationzonation could be usetd
produce amultimetric indexthat reliably indicates the condition of wetlands in agricultural
areas Seventytwo wetlands were sampled in central and southern Alberta in the summer of 2014 and
2015. Each wetland had its vegetation communities delineated and mappsglarssX Blue I
GPS/GLONASS receiver to create spatial metvegetation quadrats were used to obtain floristic
metrics related to percent cover, species richness and species traits. Using these ineisiesl both
the traditional method and randorselection method of building an MMI.

| successfully developeahd validatedVIMIs for wetlandsin central and southern Alberta using
both floristic and spatial attributes of wetland vegetatiotn addition, | was able to demonstrate that a
random metricselection methodwhich allows metrics with weak relationships to disturbance to be
incorporatedgenerated a morsensitive MMEhan the traditional methodwhich includes only the
metrics most strongly related to disturbance

Both of thesemultimetric indices can be used to monitor wetland conditions and evaluate the
succes®f wetlandrestoration projecs in Alberta, directly addressing the needs of the government of
Alberta to meet the conditions of their wetland policy. The spaiiadiex is the first step in scaling
towards a remote sensing approach in performing wetland assessméthtean MML My work will
assist wetland monitoring in Alberta and can be used to guide restoration practitioners in their efforts to

create natural wetinds.
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1. Generalntroduction

Wetland ecosystems are found across the globe and play an important role in many different
landscapeproviding important habitat and key ecosystem functions and seryaget al,, 2016; Russi
et al., 2013) Unfortunately, humamevelopmenthas cause@xtensivewetland los and the loss of
associated ecosystem services with estimates of wetland loss ranging frorHa&¥al.,2017)to as
hi gh as 71% ®avidsore 2014hTee intr@ddcionh of the Ramsar convention on wetlands
in 1971 marked a rise in concern over and management of wetlands and as of 2008,tH4%6G6f
membercountries hadadopteda national wetland policfRamsar Convention Secretariat, 2Q1@) key
component of wetland management is the ability to assess the health and function of wetlands in order
to gauge the success of wetland restooat and to preserve sensitive wetlan(Russi et al., 2013)
While many jurisdictions have enacted regulations pertaining to wetlands, some regions are still lacking
a framework fo wetland protection One such region is Alberta, Canadénich is home to a number of
different wetland types, including marshes commonly referred to as prairie pothole wetlands. Recently
the province of Alberta has created a new wetland poliégvernment of Alberta, 201®ut they
continue tolack a suitable tool to assess the condition of wetlands withiraiteas affected by the

wetland policy

1.1The northern prairie pothole region and prairie pothole wetlands

TheNorthern prairie pothole region (NPPR) North Americgpasses through six American
states and, in Canada, extends into Alberta, Saskatchewan and Ma(@ebbloom &an der Valk,
2003a) Itis home to a large number of shallow, opeater wetlandswhich give this region its name
and result from the rolling topography that characterizes this region. These wetlands are largely

unconnected by surface waters. Theuk®f thisisolatedhydrology is a variation in wetland



permanence broken down into the following classes: ephemeral (class I), temporary (class Il), seasonal
(class lll), senpermanent (class IV) and permanent (claséNherta Enviornment and Sustainable
Research Development (ESRD), 2015; Stewart & Kantrud, 18&b) pmarily by spring snowmelt,

these wetlands will begin the summer inundated and gradually lose water to evapotranspiration
throughout the summe(Hayashet al.,2016)with only class IV and class V wetlands keeping water

throughout theyear.

1.2 Wetland services & wetland loss

Prairie Pothole wetlands provide many ecosystem services to the region, including water
filtration, flood mitigation, groundwater recharge and carbon storé8artzenret al,, 2010;
Beyersbergemt al, 2004; Keddy, 2000)In addition to these services, prairie pothaletlands are a
biodiversity haven in the landscape, providing habitat for several unique ({amitrudet al., 1989)and
invertebrate speciegMitsch & Gosselink, 200@hd breeding habitat for waterfowBeyersbergen et al.,
2004; Seabloom & van der Valk, 2003&hile the ecosystem services provided by prairie pothole
wetlands are valuable, many of these wetlands have been destroyed since human settlement, with
estimdes indicating as much as 70% of historic wetlands have already bedBaw&tenet al, 2010;
Dahl & Watmough, 2007; Serran & Creed, 20\&etland loss isrpmarily driven by agricultural
expansion with wetlands being drained to repurpose the lanafop production(Bartzen et al., 2010;
Paradeist al, 2010) In addition to agriculture, continuedlgin and industrial expansion contribute to
wetland loss in the NPRBartzeret al, 2010; Paradeist al., 2010; Serran & Creed, 2015)Vetlands
are also affected by alterations taisounding upland habitat and fragmentation of the surrounding
landscape which can impair wetland function and degrade wetland condRaradeist al., 2010; van

Meter & Basu2015; Verhoevemwet al,, 2008)

1.3 Monitoring and assessment



The province of Alberta has experienced the same degree of wetland loss as the rest of the
NPPR with an estimated twihirds of historic wetlands lost, and contemporary losses continuing
(Government of Alberta, 2013)To preserve wetlands and prevent additional loss of their valuable
functions in Alberta, the Alberta Government instituted a nsetland policy in 2013 that aims to
minimize wetland loss using a hierarchy of mitigatibnavoidance, 2) minimization and 3) replacement
(Government of Alberta, 2013, 2016 a wetland might belegradedby development or other human
activity, the priority is to avoidlegradation if alteration cannot be avaled, the next step would be to
minimizealterationto the wetland; if minimization is ineffective or impossible, replacement is
mandated either through the creation of a new wetland or the restorattoenhancement of an
existing wetlandGovernment of Alberta, 2013This hierarchy recognizes that some wetland loss is
unavoidable, and seeks to compensate for that loss through an offset program. Thusdsetaoved
from the landscape need to be replaced through restoration, enhancement, and creattbrough the
funding of research that contributes to improved wetland restorati@overnment of Alberta, 2013,

2016)

Prior to the implementation of the new wetland policy, Alberta wetlands were managed under
the interim wetland policy put into place in 199Glare & Creed, 2014; Clageal, 2011) The interim
policy had a similanierarchy which valued the avoidance and minimization of wetland impact over the
removal and subsequent replacement of wetlarf@are & Creed, 2014; Government of Alberta, 1993)
However, Claire et al. (2011) found that all submissions to develop a wetland under the interim policy
were approved, with replacement serving as the default optloypassing the avoidance and
minimization steps in the mitigation hierarcf@lare et al.2011) Under the new wetland policy, it is
expected that wetland replacement will continue to dominate. Indeed, between 2014 and 2016 over
1700 submissions for wetland conversion were made to Alberta Emagohand Parks, with no

proposals being rejectediatthew Wilson Alberta Environment and Parks pers. comm.) Given the



dependency of the policy on wetland restoration to achieve no net loss of wetland functions, ensuring

the success of restored wetlandsintegral. This requires monitoring and evaluation of restored

wetland to ensure they are of adequate qualigovernment of Alberta, 2016)Any monitoring would

require an assessment method or tool that would be applicable acrossettied areaoff whi t e zone”
of Alberta, because this is the jurisdiction in which thégpohas been implemente@Government of

Alberta, 2013) This region spans a number of ecoregions and wetland {{®sning & Pettapiece,

2006; Government of Alberta, 2013)

1.4 Assessment toolsiultimetricindex

One of the most widely used ecosystem assessment tedke index of biotic integrity (IBI)
(Meador et al. 2008) The IBI is multimetricindex (MMI) that was first created by K&t981)to
monitor the ecological condition of stream ecosystems by using the biotic response of fish communities
to anthropogenic disturance. Karr proposed the use of fish communities as an indicator of
anthropogenic disturbance in stream habitats in Indiana, (K&, 1981) Karr selected a number of
metrics related to fish communities that he anticipated would change in response to stream
disturbance, thereby proding a reliable estimate of the impact of human disturbance on a stream
ecosysten(Karr, 1981; Karr & Chu, 2000Jhe metric values are standardized and combined to produce
a single value which represents the integrated condition of the(Bisebouret al, 1995; Karr, 1981)

The aim of Karr’'s |1 Bl was to measure the biologic
that use those rivergKarr & Chu, 2000)An IBI provides an alternae method of environmental

monitoring to exhaustive and frequently repeated measures of environmental characteristics because

the response of the biotic community to disturbance is integrated over time (i.e., the current state of

biota reflects the antecgent and current environmental conditions) and integrates across a number of

distinct environmental stressors (i.e., the current state of biota reflects changes in a variety of water and



soil quality parameters as well as changes to hydrology or otheraictieg populationsKarr, 1981; Karr

& Chu, 1999; Schoolmasteral,, 2012)

Multimetric indicesas a form of biomonitoring tool are beneficial because they use a number of
metrics as opposed to a single bioindicator variable, which increaseghmgirengthand reliabilityof
the toolwhile improving detection capabilifBarbouret al,, 1995; Mirandaet al., 2012 Karr & Chu,
1999. MMIs are also relatively easy to create and quite easy and affordable to use once developed
(Karr &Chu, 2000) The results of MMI measurements are a single value for each site that represents
the general integrity or condition of that site; this output is easy to interpret by entities that might be
lacking sufficient ecological knowledge to understaisdal laboratory output, but it can also be broken
back down into metric scores that may help diagnose the cause of impairment or highlight necessary
management actions to improve conditioftsarr, 1981; Karr & Chu, 2000YIMls are also applicable to
many different taxa includingish (Karr, 1981)birds(Anderson, 2017; Wilson & Bay|e2012)
macroinvertebrategBarbour et al., 1995}errestrial vegetatior{Mack, 2004; Wilsoet al,, 2013) and
submersedaquatic vegetatiorfRooney & Bayley, 2012b)n addition the use of MMIs has grown from
smallscale use to national and continental scgleésselman et al., 2013; Schoolmaster et al., 2012;
Stoddard et al., 2008)The application of MMIs has become so wigeead that an estimated 90% of

environmental assessments in the United States amedasing an MM(Barbour & Yoder, 2000)

Despite their popularity, MMIs face a variety of limitations and assumptions. First, since MMIs
measure the response of a particular biotic group to disturbance, they are limited to systems that
contain that bigic group. Further, there is an assumption that the selected biological group is
representative of the whole ecosystem, including other unmeasured biological groups. The legitimacy
of using some biological taxa as surrogates to infer the condition of @ttramunities is commonly

debated(e.g.,Guareschi et al., 2015; Landeiro et al., 2012)ugh there is some evidence that

commonly used bioindicatorsinwetldrs i n Al ber t a’ s(e.bl,RéORRYy &Bagleyconcor da



2012a) Notably, MMIs based on biota are limited in terms of what time of year they can be applied, as
field work is often cortsained by the season in which biota are present and identifiable, which depends
on the biological group being used. For example, plants must be sampled during flowering and fruiting
to ensure they can be identified, whereas birds must be surveyed dtivengreeding season for

auditory surveys to be effective. MMIs agpicallybased on the referencdegraded continuum

approach, and are therefore constrained by the scope of the reference condition and the form of
degradation used to develop and validakeem. Thus, an MMI devised to evaluate marshes cannot be
applied to a peatland, an MMI developed in South Dakota cannot be adopted in Alberta without
additional validation, and an MMI designed to detect the effects of oil and gas activity will not
necessarily detect the influence of agriculture, even on the same wetland type within the permissible
region of inference. It is possible to create MMIs of broad s¢Mzck, 2007; Milleet al., 2016) but

that scope must be defined in advance and the resulting reference and degraded conditions adequately
characterized. Presumably, a narremscope of inference would permit the development of a more
precise MMI by constraining the definition of the reference condition such that it is easier to detect the
signal of wetland impairment against the noise of natural variability in wetland conditilndeed,
Anderson(2017) whendeveloping MMIs using the bird community in NPPR wetlands in Alberta
concluded that MMiIs specifio the Grassland or the Parkland natural regions provided stronger
relationships to disturbance than a single MMI that was devised to cover both regions. Nonetheless,
Anderson (2017) was able to develop and validate altmirsbd MMI that could apply tde Grassland

and Parkland marshes in Alberta. She concluded that selection of MMI scope must balance the
precision of the tool against the need for managers for a simple and universal tool that can apply to

their entire jurisdiction.



1.5 Vegetation asrindicator

Amultimetricindex first needs a suitable biotic group to serve as an indicator of disturbance.
Work has already been done to develop MMis in the Alberta PPR using birds in the Parkland ecoregion
(Wilson & Bayley, 2012 nd acr oss Al (Aedersom 2047) Whild invartebratePare a
successful indicator in some regions, the hydrological differences between wetland permanence classes
in the PPR makes them a poor chdiGdeason & Rooney, 2017)ikewise, submersed aquatic
vegetation has been used in permanent wetlands in Alb@R@oney & Bayley, 2012ut temporary
and seasonal wetlands do not retain ponded water long enough for submersed vegetation to be a
consistentlyiable indicator. Wetland dependg wet meadow vegetation has been successfully used
as a bioindicator for per man e nWiserettal 2003)bstheien Al ber
exists the potential that vegetation could be used on a broad scadsgessvetlands across a range of

permanence classes and across the entire PPR of Alberta.

Following a hierarchy of criteria for ecological indicators laid out by Dale and Bé3@04r)
ecological idicators should be 1) easily measured, 2) sensitive to stress, 3) respond to stress in a
predictable manner, 4) aearly signal oimpending change in the system, 5) have a known response to
disturbances, and Ghtegrate across multiple stressors that ¢die associated witlisturbance.
Vegetation igelativelyeasy to sample as it is sessile, and requires no expensive equipment to identify
and quantify it. Many studies have shown that wetland vegetation is sensitive to changes in hydrology
(van der Valk, 198 1hutrient influx, and sedimentatio(Gleasoret al,, 2003; van der Valk, 1988t
both theindividual and community leve(§litsch & Gosselink, 2007; Willey al,, 2001) As well, the
response and edictability of wetland plants to stress has been well documerfkaghtrud et al., 1989)
hence the use of vegetation as an indicator in other marsh assessmenteapl®eKeyseet al., 2003;
Mack, 2007; Wilson et al., 2013There are numerous wetland species that are adapted to a variety of

conditions including variation in salinifzuliss et al2004) and water leve{van der Valk, 2005)
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meaning the presence of halophytes or drawdeteterant species could indicate a change to the
wetland chemistry or hydrology, respectively. Finally, wetland vegetation candggated across
multiple stressors; agriculture causes sedimentation, alterations to hydrology and nutrient influx
(Bartzen et al., 2010and vegetation intgrates all of these environmental chand€deason et al.,
2003; Mitsch & Gosselink, 2007; van der Valk, 198hjs response in vegetation is not only seen in
reduced health of individuals, but also with changes at the community (eeldy, 2000; Seablooet

al.,2001)

The dynamic hydrology of wetlan@sthe PPR results in a pattern of distinct vegetation zones or
communities that change along a hydrologic gradient. This zonation results because hydrology is the
primary environmental gradient that influences wetland vegetation, followed by salinityetdrbance
(DeKeyseet al,, 2003; Keddy, 1999; Seabloom & vam ¥alk, 2003b) These vegetation zones are
consistent within wetland permanence class, but vary between classes providing a toekstinguish
wetland permanence to the extent that vegetation zonation is used to classify wetlands on the basis of
their permanence clas\lberta Enviornment and Sustainable Research Develop(&SRD), 2015;
Stewart & Kantrud, 1971)Wetland vegetation zones have distinct vegetation assemblages that vary
from predominantly wetland obligates in wetter soils to a mix of facultative and upland species closer to
the wetland edggStewart & Kantrud, 1971) Thus, the floristic composition of wetland vegetation and
the spatial arrangement of vegetation zones are both sensitive to wetland hydrology and to any

disturbances that mighaffect the wetland.

In part, but not exclusivelyas a consequence of this dependence on hydrolegptland
vegetation communities and thieresident species are highly responsive to disturbance. Agricultural
activitiesin the surrounding watershedanresult in nutrient contamination and sedimentation in
wetlands(Gleason et al., 2003; Schindler & Donahue, 2006ghM/& Wimberly, 2013)along with

physicaklterations ofwetlands from farming equipment, such as soil compac{iteftet al.,1997)
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Such activities might affect not gnivater quality in the wetland, but also water quant{ticCauleyet

al., 2015; van der Kamgt al,, 2003) This is heightened by interannual climate variation which can result
in a shift of wetland watedepths from season to season. In a dry year, a wetland can become more
accessible to farming machinery allowing agricultural activities to encringttter within the wetland
boundary, resulting in physical disturbance such as plowing or compaction wbigd directly impair

wetland function in wetter seasons when the wetland boundary returned to its previous extent.

1.6 Thesis objectives

The first goal of my thesis is to explore two different methods of creating a vegetation
compositionrbased MMI foithe assessment of ecological condition of wetlandthim Prairie Pothole
Region of Alberta: the traditional method developed by Karr (1981) and refined by Stoddard et al.,
(2008) among others versus the iterative approach proposed by van Sickle (ZB&3econd aim is to
develop and validate an MMI using the spatial arrangement of vegetation community patches as an
indicator of agricultural disturbance, creating landscape metrics for vegetation community patches. In
Chapter 2 of my thesis, | outlinbd procedures used to develop and validate an MMI using floristic
vegetation metrics comparing two different methods for creating an MMI. In chapter 3, | used metrics
derived from the spatial arrangement of vegetation communities as metrics to developadiddte an
MMI. In chapter 4l discuss the results of my data chapters and look at future work that could be
carried out based on my results. My aim istpport wetland management throughout the PPR, but
especially in Alberta, by enabling manageithwobust and scientifically sound monitoring and

evaluation tools to use in prairie pothole wetlands of varying permanence class.



2. Comparing methods of creatingnalltimetricindex of wetland health using
floristic vegetation metrics as indicagayf disturbance

2.1 Introduction

Wetlands are an important natural global resource thet facing threas from expanding
human activities. In the Prairie Pothole Region of North America, up to 70% of individual wetlands have
been destroyed by humarctvities (Bartzen et al., 2010; Dahl & Watmough, 2007; Serran & Creed,
2015) This presents a growing problem as wetlands provide a number of essential ecosystem services
including: carbon storage, groundwater recharge, nutrient cycling, and flood mitig@tentdy, 2000;
Mitsch & Gosselink, 2010)Tooffsetthe loss of ecosystem services when wetlands are removed from
the landscape, regulators will often require the restoration or creation of new wetlemdshieve an
end-goal of no net loss in ecosystem servi(@own & Lant, 1999; Government of Canada, 199D)
achieve these ambitious Aget-loss policy objectives, compensation wetlands must be of equivalent
integrity and function astte natural wetlands whose loss they are intended to offset. As such, a
successful restoration would be one in which the restored wetland possessed ecological and biological
integrity (sensu Kar& Dudley, 1981gquivalent to natural wetlands in the regiofhus, evaluating
restoration success necessitates a robust and reliableftwdhe measurement of biological and
ecological integrit{GoA, 2016; Kuehret al,, 2017) One of the most widely used assessment tools in
North America is thenultimetric index(MMI) which is used in 90% of environmental assessments in the

United StategBarbour & Yoder, 2000)

2.1.1 Multimetric indices
Evaluating ecological integrity by measuring disturbance directly is challenging, as there are
many forms of independent and cumulative disturbances that may affect an ecosySt#raolmaster
et al, 2012) An MMI aims to characterize ecologji integrity usingndicators of disturbance, called
metrics, to integrate the condition of an ecosystem over an ecologically meaningful timeframe (Karr and
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Chu 1999). MMI ' s -metrieindicatergbecaude they agerconmposed gfl meltiple
measured metrics across a range of categoreg, (diverdty measures, abundance measurésat have

a predictable response to disturbanf@ideringet al, 2006) MMIs combine diverse metrics that have
different responses to disturbance, combining the strengths of individual metrics to produce a single
measure that has been sthwm to have astronger responséo disturbance(Barbouret al,, 1995; Milleret

al, 2016)

Metricsmay be bidic or abiotic measurements of thecosystene.g.,Miller et al.,2016)
though biotic metrics are mostommon. Measurements of water chemistry, hydrology and soll
properties, though often sensitive and strongly related to environmental drivers, may be too spatially
and temporally variable to provide a repeatable and accurate estimate of disturbance raffacti
ecosystem(U.S.EPA, 200Biotic communities simplify the assessment as tteay besensitive to a
wide variety of disturbance types and their resposis®y capture cumulative and synergistic effects
that would be invisible if only individual driverbdisturbance or snaghots of chemical condition were
measuredKarr, 1981) Biological metrics may be categorized as reflecting measures of community
structure (e.g., diversity, dominance), taxonomic composition (e.g., invasive species, sensitive taxa),
individual condition (e.g., dimse, contaminant levels), or biological processes (e.g., functional traits,

productivity; Barbour et al., 1995)

To be selected, candidate metrics must respond sensitively and predictadagitmpogenic
disturbance, but be relatively insensitive to natural environmental varig@arbouret al,, 1995; Karr &
Chu, 1999Herng et al. 2006 This is achieved following the reference condition apprd8etieyet al.,
2014) whereby sensitivity is measured by samplingsgystems across a gradient in disturbance from
relatively pristine (i.e. reference) to highly degraded conditi@teddardet al, 2006) Due to rapid and
extensive development of land by humans and the global influence of hawctarities, it is arguably

impossible to find true reference sites for MMI developmeirbwever, a reasonable alternative is to
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sample sites that are in the “least disturbed c
low disturbance condibns(Stoddardet al, 2006) Consequently, some indepenadie(and preferably

objective) estimate of disturbance is needed to build an M&4j.,Rooney & Bayley, 2010Commonly,

abiotic variablesmeasures of surrounding land use, or even best professional judgement are employed

to rank sites on the basis of disturbance in MMI developn{elgringet al., 2006)

Sampling across a disturbance gradient distinguistgl§imetric from multivariate methods
within the reference condition approadReynoldsoret al, 1997) as multivariate tools are traditionally
developed without defining the degraded conditiddy s ampl i ng a | arge number
high and low ecological integrity, tiaultimetric method is able to separate natural variation in metric
values observed among reference sites from variation between reference and degraded sitessamhich

be attributed to human disturbancg@ering et al., 2006)

MMIs are not universal: they are bound by a few kessumptions. First, an MMI is made for a
certain ecosystem type; an MMI made for invertebrates in open water marshes could not be applied to
rivers, as the diversity, species occurrence, abundance and functional traits of invertebrates occupying
the two distinct ecosystem types will differ, and not because of any human influg¢are, 1981)

Second, sampling of the selected taxonomic group is assumed to be representative of the condition of
the entire ecosystem and the other populations that occupy it. Finally, collection of feddurements
should occur at the most suitable time to observe the characteristics of the taxonomic group being
sampled. For example, if vegetation is the biotic basis of the MMI, then sampling must be carried out

during the growing season, when species @entifiable.

2.1.2Development imetric selectiortechniques
The firstindices of biologicahtegrity used best professional judgement to select metrics

indicative of ecological condition (e.g., Karr 1981). Shortcomings resulting from the segxtiv
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indefensible nature of relyingn best professional judgemeted to the development of more objective
statistical approacheg.g.,Mack, 2004; Miranda et al., 2012; Roor&Bayley, 2011; Stoddard et al.,
2008) These approaches sought an optimal number of metrics that balanced the sensitivity and
robustness of including multiple metrics against the redundancy and error propagation of including
metrics that were collineaiThe increased signal strength inherent in MMIs comes from including
multiple independent measures @fetlandcondition, such that when summed together, the random
sampling and measurement error in one metric cancels out the random sampling and measurement
error in another metric, yielding a more robust and reliable index sowegall(Schoolmasteet al.,

2012) However, if the metrics included are simply derivations of the same root measurement, then it is
likely that their errors will also be correlated and rather than cancel each other out, they will compound
to destablize the MMI(Stoddard et al., 2008; van Sickle, 20I)e amplification of error, or noise,

would potentially obscure the signal of human disturbance (Figtk¥ creating an MMI that produces

erroneous resultgSchoolmaster et al., 2012)

To prevent the inclusion of collinear metrics, MMIs traditionally employed a redundancy test
and excluded metrics with correlation coefficients exceeding an arbitrarily selected thredstmplRaab
& Bayley, 2012; Rooney & Bayley, 2011; Stoddard et al., 2808¢ver, the approach creates a
challenge in selecting which metric among the correlated metrics should be retained and which should

be discarded, especially when both are equally sensitive to disturl{ficenda et al., 2012)

More recently, MMI developers have recognized that correlated metrics themselves are not at
issue. Rather, it is metrics with correlated error that destabilize MMIs. Indeed, since all metrics must be
sensitive to the same measiof disturbance, some correlation among the metrics should be expected
(Karr, 2006) Thus, some developers have based the redundancy test not on the metric values directly,
but on correlation among the residuals from the relationships between each metric and disturbance

(e.g., Anderson 2017, Schoolmaster et al. 2012). This enabled theiagmodf metrics that were highly
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correlated because they were all strongly related to disturbance, providing they had independent

residual variation.

While this new approach avoided excluding useful metrics simply because they responded
similarly to disurbance it did not guarantee that the selected metrics collectively provided the
strongest indication of disturbance out of all possible metric combinations, as only metrics that had
strong relationships to disturbance individualgre considered for MNlinclusion under this method.
Even metrics that have weak relationships to disturbacweld add strength to the overall MMI, so long

as they explain variance in disturbance that is not accounted for by other metrics (Eitjure

Van Sickl¢2010)proposed a fundamentally different approach to metric selection; a random
iterative approach. Thisovel method constitutes a datdriven strategy for MMI development. Rather
than select the strongest independent indicators of disturbance and sum them, van Sickle (2010)
advocatal that we construct many MMIs using randomly selected metrics chosen fnerpaol of
metrics that were individually sensitive to disturbance (not only the most sensitive metrics), then select
from among the resulting whole MMIs rather th&nom among individual metricésan Sickle, 2010)

The method is unique in that it makes no attempt to control for redundancy among metrics by pre
screening what metrics are included in the randomly generated MNIh& benefits of this method

include increased objectivity as decisions about thresholds and metric inclusion are minimized. Further,
by permitting the inclusion of less sensitive metyitss possible to devise an assemblage of metrics that

is more strangly responsive to disturbance than by simply summing the most sensitive metrics igure

1).

In this chapter, | will develop and validatenaltimetricindex for the prairie pothole region of
Alberta using vegetation as the indicator community. \fatien is an ideal source of biological metrics

for wetlandevaluation becauseretland plant community composition is strongly affected by
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anthropogenic disturbancéDeKeyseet al., 2003)and has been shown to be robustinter-annual
climate variationWilsonet al,, 2013) Further, vegetatiofbased MMIs have been successfully created
elsewhere in AlbertédRaab &Bayley, 2012Rooney & Bayley, 2011; Wilson et a013) Adding to this
toolset to expand its application across the NPPR has the advantage of smoothly integrating with

existingand familiar evaluation practices.

Secondl vy, I wi [10) assedientthattha nand@n generation ofa lafg2 Wumber
of metric combinations can produce a stronger, more sensitive MMI (Method 2) than even a refined
approach to redundancy elimination by psereening metrics for correlated error before selecting th
metrics that, individually, are most sensitive to disturbance (Method 1). | will develop a vegetation
based MMI using both methods and compare the two to see which produces a more effective tool,

validating them both against an independent dataset.

2.2 Methods

2.2.1Study sites

| focused my work in the Grassland and Parkland Natural Regions of central and southern
Alberta (Figure 22), which is home to numerous shallow, opemater marsh wetlands ranging in size
and hydroperiod AESRD2015) Alberta is currently implementing a new wetland policy and requires
sensitive, reliable, scientificalound assessment tools to evaluate the success of wetland restoration
projects in support of complianaaonitoring(Government of Alberta, 2013)Within Alberta, the
Grassland and Parkland Natural Regions are dominated by agricultural land use that h@@Ersibdity

for most historic wetland los&Schindler & Donahue, 2006)

To capture the disturbance gradient from relatively pristine to highly degraded conditions, |
selected 72 sites on the basis of the extent of matural land cover within@ m buffers surrounding

each wetland (more details idinderson, 2017)Sites with0-25% nornaturalland cover, | considered
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low disturbance and treated themas reference sitesStes with 2575%non-natural land coverl
considered medium disturbancand| classifiedsites with 751006 nonrnatural land coverashighly
disturbed.Sites were selected to cover these three disturbance categories equally within the Parkland

and Grassland Natural Regions.

Marshes were selected to ensure that they also spanned an independent gradient in
hydroperiod, ie., the duration of their ponded wat€dAESRD, 201550me sites are only briefly
inundated, drying out by June (called temporapiynded). Others remain inundated through July
(called seasonaglponded). Whereas some contain ponded water throughout most of the growing
season (May to September), except during drougbédled sempermanentlyponded; AESRI2015)

To ensure that any MMI | developed would apply to marshes of any hydroperiod, | selected the 72

wetlands such that each porgermanence class was represented within each disturbance category.

2.2.3 Disturbance Scores

The categories of high, mediy and low disturbance that | used during site selection to ensure
that | encompassed the entire gradient of disturbance necessary for MMI development were not
sufficiently precise for evaluating MMI and metric sensitivity. The land cover data that inuseese
determinations was sourced from the Agriculture and Agrod Canada Annual Crop Invent6®dAFC,
2013a, 2013b, 2013c, 201aHd thaugh it has an overall reported classification error of < 15%, my
groundtruthing revealed that it did not reliably discriminate between pastureland and native grassland.
Anderson(2017)reported that 9 out of 10 sites in the Parkland region with 0%-natural land cover,
according to the AAFC crop inventory, had signs of cattle disturbance. Consequently, | based metric and
MMI sensitivty measurement on disturbance scores that were modified from the percent of non
natural land cover within 500 m of each wetland. These-natural percemcover values were

modified bythree factors: 1) the intensity of grazing activity evidenced inieland as observed by
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field technicians, 2) the presence or absence of pesticides in soil samples collected from each wetland
and analyzed by Dr. Claudia Sheedy at the Agriculture=dgd Canada pesticide lab in Lethbridge, AB,
and 3) whether agriculta activity crossed the actual wetland boundary, or whether grazing and
cropping activity in the 500 m surrounding each wetland were separated from the wetland by a buffer
strip. These additional values were naontinuousmodificationsthat augmened the surrounding
land-cover values based on field observatioT$hese adjustments were adapted from Anderson (2017)
and | provide more detaildescribing themn Appendtes2.1 and2.2. Thesalisturbance scores ranged

from 0 to 250

2.2.4 Stratified randorassignation of sites intdevelopment and testing sets

To validate the MMI, | required a dataset that was not used in its development (i.e., an
independenttest dataset). Most commonly, MMI developers achieve this by splitting the dataset into
two portions and using one for MMI development while reserving the other for validgBaileyet al,,
2014; Lunde & Resh, 2012; Rooney & Bayley, 201450 needed to rarify my dataset to exclude
pseudor epl i cati on that would result fr osampledimhoth| e
2014 and 2015. To address this, | selected a random year using a random number generator with the
selected year retained and the other year excluded from the analysis. The remaining sites were sorted
by their disturbance score and sequifly assigned to the development dataset (66% of sites) or the
validation dataset (33% of sites). This stratified random approach allowed me to assign sites to the
development or validation sets randomly while ensuring that both sets had a represerdaivieution

of low, medium, and high disturbance sites p&pdix 2.2).

2.2.5 Vegetation Sampling
| selected and sampled forgight sites in 2014 with 24 in the Parkland region and 24 in the

grassland region. In 2015, | selected 24 sites sampledlih t®Osample again in addition to 24 new
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sites, resulting in a total of 72 unique wetlands sampled. | sampled vegetation in late July/early August
to coincide with the peak growing season, before plants senesce for winter. To obtain vegetation
metrics ateach wetland, | identified the vegetatimmmunities, delineatednd surveyed at an

intensity proportionate to their size. | first identified and classified vegetation communities following
the approach used by the Ontario Wetland Evaluation Sy¢@ntario Ministry of Natural Resources,
2013) | based communitglassification orthe combination of vegetation form and the identity of the
dominant or cedominant speies. | delineated and mapped the vegetation communities using an SX
Blue Il GNSS receiver, which provided the area of the vegetation community. Vegetation was sampled
based on the extent of the vegetation communities in each wetland; any community 260 larger

had a minimum of five 1 m2 quadrats sampled, any community larger than 5000 m2 had an additional 1

m2 sampled for each 1000 m2 above 5000 m2.

| surveyed each quadrat using a modified Brlanquet method to characterize ground cover
(Appendx 2.3). | comprehensively characterized ground cover, including abiotic cover types (e.g., water,
rock, litter, mud), as well as vegetation cover. | identified all plants to species where possible, following
Moss and Packdd983)with taxonomy updated by the Integrated Taxonomic Information System

online databaséhttp://www.itis.gov/; accessed JanuaB016)

2.2.6 Data preparation

| entered all ground cover data into a spreadsheet and performed quality assurance and control
checks. | averagethe percent cover of plant species across all quadrats sampled at the wetland to
produce a single percent cover value for each species at each wetland. | constructed a trait matrix to
indicate the characteristic traits of each species of vegetation miese(Appendin2.4). The relative

abundance of a trait was then the sum of the percent cover of all species possessing that trait.
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2.2.7Metric Calculatiors

The process for metric calculation and MMI development for both methods follow the same
stepsfor metric calculation and preparation, as well as metric standardization and scoring (Zigure
Following Barbour et al. (1995), the initial pool of candidate metrics that | calculated included 735
measures of community structure, taxonomic composifiand biological processé&ppendix2.5). |
did not assess the health of individual plants. Metrics based on individual species or traits were
calculated in three ways: 1) the percent cover of that species or trait; 2) the presence or absence of that
species or trait; and 3) the proportion of total richness comprising that species or trait. | considered all

three methods of metric quantification in developing the MMIs.

2.2.8 Metric prescreening
The primary criteon for metric selection is that thesnust be sensitive to disturbance. To
determine which metrics were sensitive to disturbance, | ran a Spearman correlation between metric
values and disturbance score, in R 32X ore Team, 201ud3¥ing the Hmisc packagearrell & Dupont,
2017) The norparametiic Spearmaroefficientwas preferable to the more commonly used Pearson
correlation coefficient because it does not assume a linear relationship between my metrics and
disturbance, which better reflects the ndimear nature of many ecological relationsh{(McCune &
Grace, 2002)Underthe traditional method only the metrics most strongly related to disturbance are
selected for inclusion, whereasunderan Si ckl e’ s (2010) approameh to MN
entire philosophy is that evemetrics with weak relationships to disturbance individually camtribute
importantly to an MMI that collectively is strongly related to disturbance. Thus, in place of the
traditional o = 0.05 threshold in sensitivity tes

related to disturbance as adequately seigtfor consideration in the MMI.
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A secondary criterion for metric inclusion in the MMI is that the metrics must possess sufficient
range in their response to disturbance that the metric provides reasonable resolution in indicating
disturbance level. | pormed a coarse test of the range of each metric sensttvaisturbance by
calculatinghe difference between the'5and 93" quantile for each metric. If a metric had a difference
of 0 (i.e. no difference between thé"mnd 95" quantile values) it &s deemed to have insufficient

range to be considered further.

2.2.9MMI Development: Method 1
This method incorporates a redundancy test to reduce the number of candidate metrics from
those passing range and sensitivity tests (Fi@u8¢. Followingecommendations by Schoolmaster et
al . (2012), the residuals from the Spearman rank
disturbance scores were recorded and the correlation among residuals from different metrics was
assessed using the Speamnzorrelation test. If two metrics had residuals with a Spearman rho value >
0.6, the metric with the weaker Spearman rank correlation coefficient with disturbance scores was
excluded. Following the redundancy test, the remaining metrics were compaterhis of their

sensitivity to disturbance and the strongest, most sensitive indicators selected for inclusion in the MMI.

2.2.10 MMI Development: Method 2

Whereas method 1 includes all sensitive and snedundant metrics, method 2 uses random
selectionwithout replacement of a predetermined number of metrics to generate a large number of
MMiIs that are then compared to determine which MMI is most sensitive to disturbance. Thus, the
number of metrics included in the MMI by method 2 must be determiaguiori. | chose to compare

MMIs with four, six, and eight metrics based on work by van Sickle (2010) and Magee et al. (in press).

| generated 50,000 foumetric MMIs by randomly selecting four metrics from the pool of 88

pre-screened metric values, witlut replacement, using R. The number 50,000 was an arbitrary
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compromi se between van Sickel S (201 @npetrict 000 itera
combinations of the 89 metrics in the pool. If the randomly generated MMI included metrics whose

residuals after regressing on disturbance included awi&e Spearman correlation coefficient with rho

> 0.9 or if the four metrics had an average peise Spearman correlation coefficient among their

residuals from the regressions on disturbance whgrdio >0.75, then the MMI was rejected due to the

risk of compounding error. Then the whole process was repeated to produces 50,00€t8txand

50,000 eightmetric MMIs, each screened for compound error.

2.2.11 MMI Selection

Of the MMis out of theriitial pool of 50,000 that passed the test for compound error, | selected
the optimal fourmetric, sixmetric, and eighimetric MMIs usinghkaike information criterion (AlC
model competition frameworkSymonds & Moussalli, 2011)l relied orAlIC(corrected for small sample
sizes Al Cc) from the gener al | i nee, &ndicate)thd e | i n whic
disturbance scores. AICc values were calculated in R([®42re Team, 201u3ing the AlICcmodavg
packaggMazerolle, 2017)The optimal 4netric, 6-metric, and 8metric MMI had the highest AlCc

weight.

2.2.12Metric Standardizing and Scoring

Before MMI validation, the metric values must be converted into standardized scores that can
be summel together to yield the MMI scoré.achieved thiy first subtracting the B percentile
dividing each metric valuby the 99" percentile minus the 8 percentile of the range ahetric values in
the development sefequations 1 and 2). This removeshe effect of data extremes while capturing the
natural range of variation.If the metric was positively correlated with disturbance, standardization was

done by using equation 1; if the metric was negatively correlated with disturbance, equation Z&dhs u

21



Standardized metric values were capped at a maximum of 100 and a minimumearing a score

above 100 was changed to 100 and a score below 0 was changed to 0

P T T WP T TT

Equation 1.

WP T TT

Equation 2.

2.2.13 MMI Validation

Once each site had a standardized MMI score, the MMI needed to be validated. | carried out
MMI validation using the same technique for both method 1 and method 2; simple linear regression of
the MMI scores from the validation dataset against their distidm&scores. If the-palue from these
regressions was p < 0.05, | considered the MMI validated. For method 2 the optinedtid, 6metric
and 8metric MMIs were validated in this way; if more than one MMI had p < 0.05, those MMIs were
compared using Alc and the MMI with the highest AlCc weight was selected as the best performing

MMI.

2.2.14 Method Comparison
Having constructed MMIs by two distinct methods, | wanted to see which method produced an

MMI that better indicatedecological condition Toachieve this, | compared the AlCc weights for the
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MMI developed via method 1 against the best performing MMI developed by method 2, including all 72

sites (i.e., recombining the development and validation-sats of data).

2.2.15 Supplementary Tests

Shce the MMIs being constructed span two ecoregions, multiple wetland permanence classes
and use data sampled over multiple years, supplementary tests were carried out to see if these factors
biased the MMI resultsAn analysis of variance was carried ttest for any significant difference
between MMI scores at wetlands of different permanent class. As well, sample ttest was carried

out to test for significant differences in MMI scores between ecoregions and between sampling years.

2.3 Results

My vegetation sampling efforts yielded 732 potential metrics (AppeBdix However, only 88
were reasonably correlated with disturbance scores (Spearmanrghs 0.241, p < 0.1; Appendk5).

This set of sensitive metrics was included in MMI dgwelent by both method 1 and method 2.

2.3.1 Method 1

Under method 1| incorporated first the metric most strongly indicative of disturbance scores
and then added the next most strongly indicatiwetric that passed the redundancy test meaning they
haduncorrelated residuals from a Spearman rank test of sensitivity to disturbdniezated this
procedure until all candidate metrics wecensidered. Onlg of 88 metricsvere thus incorporated into
the MMI. Thesefour metrics included: 1) the percenbver ofScutellaria galericulatsSCUGALER); 2)
the percent cover oHordeum jubatun{HORJUBAT): 3) the presence or absence of annuals (Annual
PA); and 4) the proportion of total richness comprised of native annuals or biennials (Native AB PRch)

(Table2-1).

The MMI that | developed by method 1 was strongly and significantly indicative of disturbance

scores, based on the development dataset (Fidlae Simple Linear Regressigr=-0.7688x + 316.84;
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R2 = 0.3584,1k¢ 25.700, p < 0.0001). It was@kuccessfully validated on the independent set of 24

sites (Simple Linear Regression:-9.7467x + 341.53; R2 = 0.2518;.F 7.404, p = 0.012).

2.3.2 Method 2

Of the 50,000 MMIs generated for each set of fpsix, and eighimetric combinationsmost
failed to pass theedundancytest. Eitherthe residuals from regressing metric values on disturbance
scores had one or more pairise Spearman correlation coefficients above 0.9 or the-wée
Spearman correlation among metric value residuals esed 0.75. Specifically, only 27% of the 4
metric MMls, 0.1% of the-fetric MMIs, and 0.004% of therietric MMIs passed the compound error
test. Following model competition, the optimum feoretric, sixmetric, and eighimetric MMIs were
identified ushg AlQTable2-2). Comparing the best models of each size, the-foatric MMI provided

the strongest indication of disturbance scores (Tdb8 2-4; Figure2-5).

2.3.3 Method Comparison

Using Al€to compare models constructed by method 1 andhz MMI from method 1 yielded
an AlCc 762.19 compared to the AICc value from method 2 which was 754.92(5ablk linear
regression between method 1 MMI scores and disturbance scores yielded an R2 of 0-2G8BtE =
29.75,df = 70,p < 0.0001 (Tabl2-5). A linear regression for method 2 MMI scores and disturbance

scores yielde@n R =0.3655, Fstatistic = 40.33df = 70,p < 0.0001 (Tabl2-5).

2.3.4 Supplementary Tests

| plotted method 2 MMI scores versus disturbance scores to visuallysaaagpotential
compounding effects of region, permanence and sampling year (FigbixreAh analysis of variance
between wetland permanence class and MMI score yieldedsignificant results (Table®&). There

was no significant difference between sesrfrom sites sampled in 2014 and sites sampled in 2015
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based on a twesample ttest (Table Z7). However, there was a significant difference between scores

for sites in the parkland and Grassland ecoregions based on-agmple ttest (Table 7).

2.4 Discussion

Wetlands serve an important rola the landscapeproviding valuable ecosystem services
(Keddy, 2000; Mitsch & Gosselink, 2Q01The continuing loss of theseosystems and their associated
ecosystenservices has prompted many regulators to enact legislationdhmasto mitigate this loss
(Bartzen et al., 2010; Dahl & Watmough, 20Ridehne et al., 2017)inherent in the processf
managing any ecosystemistheeed t o eval uat e ,whichs in@easnglocgriied a |

out using multimetric indices(MMIs) (Barbour & Yoder, 2000; Kuehne et al., 2017; Magee @t al.

press.

My first goal in this thesis chapter was to creatmaltimetricindex to assess thecological
integrity of Albertan prairie pothole wetlands of varying hydroperiod using vegetation as an indicator
taxon. | consider vegetation an ideal indicator of anthropogenic disturbance in wetlands as plant
communities are strongly responsive to clgas in hydrologyEuliss et al2004) sedimentation rates
(Gleason et al2003) and water qualitfEuliss et al., 2004and vegetatiorbased MMIs have lan
successfully developed for permanent shalopenwater wetlands in Alberta befor@Raab & Bayley,

2012; Rooney & Bayley, 2011; Wilsaral, 2013)

My second goal was to compare the traditional method of constructing MMIs by selecting and
combining noAredundant metrics that individually possess strong relationships to disturbance (method
1) and van Sickle’'s (2010) proposed method of
combinations of reasonably sensitive metrics and selecting the géstimdicatorof disturbance from
that group of MMIs (method 2). Though computationally more intensive, this second method has the

advantage of potentially identifying combinations of metrics that are supéngticatorsof wetland
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integrity. Thismethod also addressesome of thdingering subjectivity that remains in the traditional
method of building MMIgMiranda et al., 2012) With method 1 excludingedundant metrics, choices
are informedby statistics but still require best professional judgemehien metric correlations are very
similar. Using method, best professional judgemerd largely removed. The benefit to this statistical
approach is redeed barriers to constructing and validating MMIAIso, once a tool is built using
method 2, the coding framework remains to be used again if negaoiving transparency and
repeatability in tool developmentIf a new sampling effort is put forth, new metrics are measured or
calculated for the original sites, the entire iterative process coultepeated toupdate the monitoring

tool.

Using method 1, | constructed a femetric MMI that was strongly and significanthdicativeof
disturbance sores of wetlands in the development dataset and successfully validated on an
independent suite of sites. The first metric relatedtordeum jubatunifoxtail barley), which was
positively related to disturbance scordsordeum jubatunis a native grass #t is found throughout the
Parkland and Grassland regions that is considered a weed in thigBarear ¢ al., 2000) The positive
association betweerordeum jubatunmand disturbance is likely due to the weedy, opportunistic
behaviour ofHordeum jubatunand its observed tendency growin ditches and areas that were
recently physically disturbedOne mehod of exploring a plant species tolerance to disturbance is to use
coefficient of conservatism (CC) values. CC values are assigned to plant species within a region on a
scale of 0 to 10 based on its tolerance to disturbafWéson et al.2013) Coeffients of conservatism
reflect the consensus opinion among expert botanists on the disturbance tolerance of a species with low
values indicating disturbandeving taxa(Taftet al.,1997) Indeed, the coefficient of conservatism
assigned tdH. jubatumis 0 in the Dakota@NGPFQA, 20012 in MontangPipp, 2015 and 1 in Parkland

Alberta(Wilsonet al.,2013)
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The second two metrics are related to the lifecycle of plants and were also positively related to
disturbance scoresThe presence or absence of annuals meg#icnual_PA&nd the proportion of total
richnesscomprised of native annuals and bienni@iiative ABPrchyvere likely positively related to
disturbance because frequent disturbance tends to exclude perennials, which come to dominate later
during wetland successid@dland & del Moral, 2002)Wetland vegetation communities in this region
tend to be dominated bperennial, clonal grasses and sedges, unless the wetland is experiencing a
drawdown event, in which case annual and biennial forbs will colonize the exposéehasader Valk,

2005; Wellinget al,, 2012) While drawdown events occur naturafs.g.,Euliss et al., 2004yvetland
disturbance (e.g., heavy grazing, tilling or mowing) can alter wetland hydr(dagy McCauley et al.,
2015)or directly expose the soil surface similarly to a natural drawd@@arth van der Kamé&

Hayashi, 2008)and provide an opportunity for annual and biennial forbs to take root. Further, of the 47
annual species observed in our sites, 49% (n = 23) of those species were considered to be exotic or
invasive(Government of Alberta, 2015; Moss & Packer, 1988} of the 23 invasive or exotic species,
78% (n = 18) are considered weéBsibaret al, 2000) Thus, at least the presence or absence of annual
species likely reflects the incidence of exotic or weedy species that wouldsbeiagd with human

activity and is indicative of ecological impairment in these wetlands.

The final metric was the percent cover®dutellaria galericulataa native, perennial, wetland
obligate member of the Lamiaceae (mint) fami§cutellariagalericulatawas not found at any sites in
the quartile with the highest disturbance (disturbance scores: 169243.3) and 64% of observations
of Scutellaria galericulataere at sites in the quartile with the lowest disturbance scores {8857),
revealng its sensitivity to agricultural activitfWherethe coefficient of conservatism value assigned to
H. jubatumwas 2 or less, that assign&d galericulatavas 7 in the DakotadNGPFQA, 20016 in

Montana(Pipp, 2015)and 6 in Parkland Albert&Vilson, Forrest, et al., 2013hdicating that it is
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commonly recognized by botanists as a relatively disturbance sensitive spBcigelhria galericulata

is the only metric in this MMI to have a negative association with disturbance.

The MMI produced by method 1 was built using a set of sites that spanned a gradient of
anthropogenic disturbance and a gradient of hydroperiod from templyrponded to semi
permanentlyponded. Successful validation of this MMI was done on an independent set of sites that
spanned the same gradients of disturbance and hydroperiod. Validation of this MMI is significant as it
confirms that a single, simpleegetationbased MMI can be created thatdicatesthe level of
anthropogenic disturbance affecting a wetland regardless of hydroperiod and across two distinct natural
regions within Alberta. The new wetland policy for the province of Alberta managesnastin the
Par kl and and Grassland ecoregions as onhe region ¢
applied to wetlands across this region is preferable in providing-jatiadictionalconsistency Previous
vegetationbased MMIs developedhiAlberta were only applicable to a single natural region and to only
permanent shallowopenwater wetlands(Raab & Bayley, 2012; Wilson, Bayley, et al., 2013)
Implementation of such narrowly applicable tools would lead to a patckwaoross the jurisdiction and

additional complexity in policy implementation.

Unlike method 1 where all suitably sensitive and medundant metrics are included in the
MMI and thus the total number of metrics is determined by the process of metrictsmbe method 2
requires that the number of metrics to include in the MMI be determimeddvance Because this
decision is arbitrary, | chose to compare & and 8metric MMIs to ascertain which number of metrics
yielded the optimal balance of sensity and simplicityThese MMI sizes were selected to reflebe
typicalnumber of metricsncluded in wetlandMMIsreportedin the literature(e.g.,Karr & Chu, 1999;
Raab & Bayley, 2012; Rooney & Bayley, 2011; U.S.EPA, 2662bg practical limitations of
computational speed when working with higher metric MMIdJsingmethod 2, was able to produce a

validated MMI for each mtric size class, indicating the general robustness of vegetdtamed MMIs as
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even 8metric MMIs were not overfit to the development dataseklthough validated MMiIs including 6
and 8 metrics could explain more of the variance in wetland disturbangesdbe additional metrics

did not provide significantly greater predictive strength, and ultimately my model competition process
identified that the best 4netric MMI was superior. The AlCc values for the best and second best
performing 4metrics MMIswere fairly similar (493.01 and 493.85) compared with the differences
between the best performing-Gand 8metric MMIs (Bmetric: 502.19 and 504.05:8etric: 506.07 and

509.98). This likely reflects the differences in potential metric combinations &br m&tricsizeclass.

The four metrics in the method 2 MMI included: the presence or absence of annuals or biennials
which has a positive association with disturbance, the presence or abseduaafs balticughich has
a positive association with distoance, the presence or absenceR#tasites frigidusvhich has a
negative association with disturbance and the presence or absenCarefspp.which has a negative
association with disturbance. As discussed with method one, the inclusion of a metaiadsd with
annuals and biennials is understandable given their life history type and association with early
successional stagé®dland & del Moral, 2003nd the tendency for annuals and biennials to be weedy
exotics and opportunistic species that will colonize wetlands that have been dist(@adatowitschet
al, 2000) Seeming to elviate from that trend Juncus balticuis a native, nofweedy, facultative
wetland, perennial rush that was ubiquitous in our study, but found more commonly in disturbed
wetlands. In total, 50% of mly balticusobservations occurred in sites from theghest quartile of
disturbance scores (disturbance scores: 165.281.68). The coefficient of conservatism value assigned
to Juncus balticugas 5 in the Dakota@NGPFQA, 20013 in MontangPipp, 2015)and 3 in the Alberta

ParklandWilson, Forrest, et al., 2013)

In contrast, bothPetasites frigiduand Carexspp. metrics were negatively associated with
disturbance.Petasites figidusis a native, facultativevetland perennial that was only observed at low

disturbance sites (disturbance score < 26.12). It had coeffioiecwnservatism of 10 in the Dakotas
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(NGPFQA, 200and8 in Montana(Pipp, 2015) These results actually draw into question the

coefficient of conservatism that was assigriedrigidusn A bert a’' s Par kl and4 where
(Wilson, Forest, et al., 2013) Sedges in th€arexgenus ardhighlyindicativeof natural wetlands in this
region and 14 different specied Carexwere observed in my study (Appendx). ThougtCarexwas
ubiquitous in my study, it was excluded from 50% assit the highest quartile of disturbance
(disturbance score: 175.4243.30), whereas the genus was present in 94% of sites in the lowest quartile
of disturbance scores (285.96). Indeed, work on succession in wetlands has noted that clonal,
perennial edgesCarex atherodeand Carex aquatilistwo species | commonly observed in fow
disturbance wetlands, are late successional spgditss& Packer, 1983he coefficient of

conservatism values are specigecific, but for the 14 species that | observed they range frei@ i

the DakotagNGPFQA, 200139 inMontana(Pipp, 2015)and 37 in Parkland Alberté@Vilson, Forrest,

et al., 2013)indicating that some members of the genus are more tolerant of disturbance than others

It istherefore interesting that a metriavhich aggregates all members of the genus proved superior to

metrics focusing on singléarexspecies.

Conspicuously absent from either tool are metric related to the coefficient of conservatism
values which are metrics commonly found in many other vat@t-based MMIge.g.,Mack, 2007;
Raab & Bayley, 2012; Wilson, Bayley, et al., 2DERjee et al., in pre¥s A likely ex@nation for the
absence of floristic quality or coefficient of conservatism metrics is the lack of a floristic quality index for
the Grassland region of Alberta. While an FQI exists for the Parkland and Boreal regions of Alberta
(Wilson, Forrest, et al., 201,3here has not been one developed for the Grasdleegion. For my work,
Grassland species were assigned CC values based on the D8RBEQA, 2001and MontanaPipp,
2015) and Alberta Parklan@Vilson, Forrest, et al., 201BQI. Since we observe differences between

CC values from different regions, it is likely that the CC values used in the Grassland region of Alberta
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may not reflect the fidelity of observed species to the Geassregion. The creation of an FQI for the

Grassland region might improve this sensitivity of this metric.

The supplementary tests carried out on potential confounding factors serve to show how the
MMIs ability to indicate disturbance is robust to tleefmctors. The nosignificant results of the two
sample ttest between 2014 and 2015 date impligmt the floristic MMI is robust to inteannual
variation. Similarly the nonsignificant result of the analysis of variance comparing MMI scores to
wetland permanence class indicates that the MMI works equally well evaluating wetlands of any
permanence class. A significant result was seen in the test to compare MMI scores between the
Grassland and Parkland ecoregidrhis indicates that MMI scores arggitly higher on average in the
Parkland region than the grassland region. While the MMI was validated across both regions, this
difference indicates that caution should be used when comparing scores between sites in different
ecoregions. The likely caufor this difference is the inclusion of the metric associated Withasites
frigidus a specieshat is rare in the Grassland ecoregiivioss & Packer, 1983and was only observed
in the Parkland ecoregionWhile there is a difference between regions in the MMI scores, there was no
significant difference seen in disturbance scores (Tag 2The policy mandate of the government of
Alberta is that both theGrassland andParkland natural regions be managed as a combined region
(Government of Alberta, 2013)it is, however, possible thattool built for each region individually
would provide a stronger indicator of disturbance in that region. Evidence for this can be seen in some
of the speciesdased metrics in the MMIs | built. For method 1, whilerdeum jubatunwas observed
at sitesacross both region§cutellaria galericulathas only one observation in the Grassland compared
to 11 observations in the Parkland. Similarly, with metho@&exspp., andJuncus balticugere
commonly found in both regions, b&etasites frigidugvasonly seen in the Parkland region. In the case
of S. galericulatandP. frigidus both of these species are rare in the Grassland, commonly occurring in

the Parkland or other natural regions in AlberfaBMI, 2017; Moss & Packer, 1983hese metrics are
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essentially selecting for sites in the Parkland and an MMI specific tGramsland would replace these
metrics with metrics that betteexplain disturbancithin the Grasslandas opposed to within the joint
management area. However, given the needs of the Alberta government, the tools | haveroeide
an efficient andreliable means to assess wetlamdegrity across the whole prag pothole region of
Alberta, providing an urgently needed management toolda@egion where wetland management is

essential for the preservation of key ecosystem serviGs/ernment of Alberta, 201.3)

Implementation of either of the MMIs | have constructed would be easy to carry out, requiring
technicians witHimited botanical skills to perform site assessmedtsingthe growing season.
Interestingly because percent cover estimates did not yield superior metritkgsimple presence or
absence okey indicatorspecies, the site assessments could be dramatically simpidiative to how |
gatheredthe data necessary for my thesis. Another intetggtobservation is the number of species
specific metrics in both tools, method 1 havimg species specific metrics, method 2 havihgee
species specific metrics. The only ttadtsed metrics included in both tools were related to the lifecycle

of vegptation species.

2.5 Conclusion

With continuing wetland loss comésss ofthe ecosystem services provided by these wetlands.
To protect these services, and maintain a healthy ecosystem the Province of Alberta has implemented a
new wetland policyd mitigate wetland loss. A policy, however, is onlgffsctiveas the tools used to
implementit. My work provides a scientifically valid tool that assesses wetland condition across a broad
region of Alberta where wetland loss is an ongoing issue.MMks | created provide managers with an

easy method to assess wetlands and obtain reliable information about wetland condifioe MMiis
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robust to yeatto-year variability in climate and applies equatiywetlands of anypermanenceclass

covered by tle new policyGovernment of Alberta, 2013)

My work also provides insight into the creation of future MMIs, highlighting the benefits of
moving to a more&omputationally intensive approach using the random creation of potential MMIs and
the inclusion of metrics even if they are not strong predictors of disturbance on their own. Expanding

on van Sickle’s (2010) met hopbrformedawbksidl made folewintgo c¢cr e a
the traditional method. The creation of this tool provides a template for future users to follow this same
procedure to create a scientifically validated tdloht minimizes the role of best professional judgement

in metricselection

With the need for proper management of wetland habitat on the rise in Alberta, my work
represents a step forward in the monitoring of wetland ecological health and the enforcement of
wetland policy. Use of these MMis evaluate the success wetland mitigation projects and to track
their progress over timevould providewetland managers with a clear, scientifically valid assessments of
their ecological conditionIn addition, my work provides a framework for creating new MMIs in
different areas, following a defensible and objective approach that maximizes MMI predictive strength
and sensitivity with the minimum number of metrjashile ensuring that correlated metrics do not

result in compounded error
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2.6 Figures

Metric 1

Total variance in
1 disturbance scores

Metric 4

Metric 2
Metric 3

a)

Figure2-1: Visualization ohow metrics in an MMIimight combine toexplan variance in
disturbancescores.In this examplgthe proportion of variance in disturbance scores explained
by each of the five metrics is represented by the degreeliacch theyoverlapthe circle
representing total variance in disturbance scores. The metrics range irathilify to indicate
disturbance scores, with metric 1 having the strongest relationship to disturbance scores and
metric 5 explaining the leastub nonetheless explaining a portion of otherwise unexplained
variance in disturbance scorddetric 5thusillustratesthe potential benefit to including

metrics that explain a small amount of varianddetric 2 and 3 represent metrics that are
correlated indicated by their overlapA portion of the variance in disturbance scores that
these two metrics explain is common, indicated by the overlap between metric 2 and 3 that
occurswithin the circle of disturbance score varianc&he area indicated by epnstitutesan
overlapoutsidethe circle ofdisturbance scorgariance; this area representscarrelationin

error variance that would produce compounded error if both metrics were included in the
MMI.
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Figure2-2: Map o study sites and their position within the ecoregions of Alberta.
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Both Methods

T

Figure2-3: Breakdown of steps for constructing an MMI following method 1 and method 2.
The steps that follow the same procedure for both methodsadignedin the center
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Figure2-4: Linear regression of MMI scores versus disturbance scores from Methoddevielopment site
(solid circles, solid line,#48, R=0.3584) and validation sites (open circles, dashed lire24, R%=
0.2518). Method one metrics include: Percent coveBofitellaria galericulatgoercent cover oHordeum
jubatum, presence/absece of annuals, and the presence/absence of native annuals and biennials as
proportion of total species richness.
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Figure2-5: Linear regression of MMI scores versus disturbance scores from Method 2 MMIs showing
development sites (solid circles, solid line, n = 48) and validation sites (opes,aiashed line, n = 24):

A) Fourmetric MMI, development R? = 0.4083, validation R? = 0.2706, B)&nc MMI, development

R2 =0.4109, validation Rz = 0.2032, C) Higtttic MMI, development R2 = 0.3613, validation R2 =

0.3204. Note that the-paxis gale is not consistent among MMIs because the MMI scores are the sum of
the metric scores, and thus the maximum score for an 8 metric MMI is double the maximum score for a
4 metric MMI. The MMI metrics are listedtiable 2-4.
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Figure 26: The same scatterplaif final floristic MMI scoregMethod 2)and
disturbance scoresbut panels areoded by: A) region with thérassland as solid
circles and thdParkland as open circles, B) wetland permanence class with so
circles as temporary, triangles as seasonal, squares aspgemanent and open
circles as permaent wetlands, and C) sample year with 2014 sites as solid cir
and 2015 sites as open circles
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2.7 Tables

Table2-1: Metric details for MMI created using methdd

Metric Relationship Spearman
Descriptions with Standardization Formula P p-value

Names . Rho

Disturbance

Percent cover of 0 QOoA®E & 6 WM Q1 G'QE 6 QaQ

SCUGALER Scutgllarla negative 060 O GO Gwa e, -0.5161 <00001
galericulata
Percent cover of . 0 Q6 IO 6 W QI Q& 6 QA

HORJUBAT Hordeum jubatum positive P O 60t SEen 500 | 0.4513 0.0012
Presence or .. D Q0 IHH 0N QI OQE 0 QA

Annual PA absence of annual positive P O 6T S TR i 0.2553 0.079
Proportion of total

Native AB richness 0 Qo IO 0 W Qi Q& 0 Qa

Prch comprisngnative  positive P SO QT G0 SR & e, 0.5060 <00001

annuals or
biennials
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Table2-2: The top MMI models in each tegyory (4, 6, and 8 metrics) based on their AICc and
their AICc Weights

Number Model AlCc Cumulative
of Metrics Model ID AlCc k AICc Likelihood Weights AICc Weights
MMI.9098 493.01 0.00 1.00 0.20 0.20
MMI.7535 493.85 0.84 0.66 0.13 0.33
MMI.583  494.33 1.32 0.52 0.10 0.43
MMI.4599 494.44 1.42 0.49 0.10 0.53
4-Metric MMI.10342 494.66 1.65 0.44 0.09 0.62
MMI.4477  494.73 1.72 0.42 0.08 0.70
MMI.9504 494.79 1.78 0.41 0.08 0.78
MMI.6926 494.90 1.89 0.39 0.08 0.86
MMI.6000 495.09 2.08 0.35 0.07 0.93
MMI.13448 495.10 2.09 0.35 0.07 1.00
MMI.48 502.19 0.00 1.00 0.35 0.35
MMI.17 504.05 1.86 0.39 0.14 0.49
MMI.23 504.43 2.24 0.33 0.12 0.61
MMI.10 505.15 2.96 0.23 0.08 0.69
6-Metric MMI.1 505.27 3.08 0.21 0.08 0.77
MMI.2 506.02 3.83 0.15 0.05 0.82
MMI.7 506.10 3.91 0.14 0.05 0.87
MMI.45 506.28 4.09 0.13 0.05 0.92
MMI.46 506.46 4.27 0.12 0.04 0.96
MMI.6 506.47 4.28 0.12 0.04 1.00
8-Metric MMI.2 506.07 0.00 1.00 0.88 0.88
MMI.1 509.98 3.91 0.14 0.12 1.00
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Table2-3: Parameters of final AICc comparison between the best performing,Zand 8metric MMls

created byMethod 2, including all 72 wetlands.

Parameter 4-Metric MMI  6-Metric MMI  8-Metric MMI
AlCc 754.93 758.16 757.78
A Al Cc 0.00 3.23 2.86
AIC comparison  Model Likelihood 1.00 0.20 0.23
between MMIs _
AICc Weights 0.70 0.14 0.17
Cumulative AlCc
Weights 0.70 1 0.86
2
, _ ReforDevelopment 5 40g3 0.4109 0.3613
Linear regression of Set
the development set -
F Statistic 31.75 32.08 26.03
p-vaue <0.0001 < 0.0001 < 0.0001
_ _ R2 for Validation Set 0.2706 0.2032 0.3204
Linear regression of
the validation set  F Statistic 8.163 5.61 10.37
p-value 0.009 0.0271 0.0039

42



Table2-4: Method 2 MMI metrics and their propges.

marOd 2 Metric Names Descriptions \?Vﬁ:]ag(i)gti?g;nce Standardization Formula  Spearman Rhp-value
Presence or absence of tigarex . 0 Qo iwed 6 W Qi H'QE 06 Qat .
Carex PA genus negative 060 O G0 ewE G0 G -0.021¢ 0.883:
. " 0 Q0O IWBE 6 WM Q1 ®QE 0 Q .
A Metric JUNBALTI PA Presence or absence a&fincus balticu positive PTG QG e 01 &0 0.251¢ 0.084:
MMI Presence or absence Btasites . D Qo IBE 0 WM Q1 GQE 6 QA ¢ .
PETFRIGI PA frigidus negative 080 Q1 50 @I 6 oPewG -0.4194¢  0.00¢<
L Presence or absence of annuals or . 0 Q0 iwed 6 W Qi HGQ: 0 Q
AnnualBiennial PAbiennials positive P S Ol G0E S 5o 0.241¢ 0.0981
. " 0 Q0 IWBE 6 WM Qi ®QE0Q -
JUNBALTI PA Presence or absence dfincus balticsi positive P S O GO e 6o 0.251¢ 0.084:
. The proportion of total richness .
Lamiaceae Prch comprised of r_nembers of the negative 5 00 IO 610Y 01 HOE 6 T ¢ -0.2461 0.091¢
Lamiaceadamily WO 01 H 0 BWEN 60 oS
" 0 Q0 IWH@ 6 WM Qi ©GQE 0D -
ALOAEQUA Percent cover OA'OpECUI’US aequalis pOSItIVG pT n(.od'Qf] Q1 G0t wEm (I),Q(gpbn( 0.2497 0.086¢
6-Mertic
MMl HORJUBAT pA | resence orabsence bbrdeum oo o U 20 IWOE WM 01 b0E oD 0.374%  0.008¢
jubatum WM Qi OQE WM G QE O (
. Theproportion of total richness .
. y, Y
Plantaginaceae Pr'comprlsed of members of the positive 3 06 BE @0} O HAE6 D 0.285z 0.049
Plantaginaceadamily PTTLOM Q1 ©Qt GBI o Qe o (
Annual Biennial Th tion & total rich o . . . -
€ proportion ototal richness positive 0 Q06 iwed 6 WX Qi HQE R 0.470:  0.0007

Preh comprised of annuals or biennials

PTISEMN Q1 60 @I o 0eRo(
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marOd 2 Metric Names Descriptions \?Vﬁ:]afl)(i)gtiﬂ)gnce Standardization Formula  Spearman Rhp-value
: The proportion of total richness
Native annual . . . .
biennial Prch cpmp_rlsed of native annuals or positive 506 IOd 600 Q1 HQE S0 0.50€ 0.000:Z
biennials PTITL6ON Q1 00t B@EM &0«
" 0 Q0O IWBE 6 WM Q1 ®QE 0 Q
RUMFUEGI Percent cover oRumex fueginus positive P Sa ol G0t ewe GoRPo 0.2714 0.064<
BECSYZIG PA | resence orabsena# Beckmania i o o o 0 Q0 IW0E 6@ 01 00D 0.278¢  0.055¢
syzigachne wo 01 GO BWIN 600«
" 0 Q0o IWBE 6 WM AQE 6 'Qa ¢
8 Metric JUNBALTI Percent cover oduncus balticus positive P SO QT G0t emEdm 6o 0.2521 0.083¢
MMI , 0 Q0 IOB@ 6 WM Qi ®QE 0 Q¢
Percent cover of species whose
Zoochory primary distribution method is positive b Q6 IO 6B QI HQE O O 0.294 0.042¢
zoochory PTTLOmM QI GOt @AM ©Or o«
Proportion of total ichness compriser . . 506 IWOd 6@ O HQE 60
Annual Prch of annual positive P S OT G0t G G o 0.503¢  0.000%
Native annual Percent cover of native annuals or positive D@ iy & 6 WO QI HOE 6 Q 0299 0.038¢

biennial

biennials

To60 01 OO BWIN 0o«
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Table2-5: Summary of Alandlinearregression parameters for final comparison between method 1
and nmethod 2 MMIs.

MMI . : . .
construction |  AIC comparison between Method 1 and Method 2 Linear regression agaTst disturbance
for all sites(n = 72)
Method
Cumulative Degrees
AlCc & LiI':AecI)i?lilod Wﬁlicr?ts AlCc R® stal';_ihstic of p-value
9 Weights Freedom
Method 2 754.98 0 1 0.97 0.97 0.3655 40.33 70 < 0.0001
Method 1 762.9 7.26 0.027 0.03 1 0.2982 29.75 70 < 0.0001
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Table 26: Results of analysis of variance to detect any significant difference betfha@estic MMI
scoresamongwetland permanence classes.

Source Type llISum  Degrees of Mean FRatio p-Value
of Squares Freedom  Squares

Permanence Class 24,638.86 3 8,212.95 2.191 0.097

Error 254,851.04 68 3,747.81
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Table 27: Results ok two-sample ttesttestingfor a difference in floristic MMI scores in disturbance
scoresbetweennaturalregionsand between sampling years.

Floristic MMI t-statistic Degrees of freedom p-value
Region -2.55 70 0.013
Sampling year -0.262 70 0.794
Disturbance Score

Region 1.114 70 0.269
Sampling year -0.312 70 0.756

a7



3. Using the spatial arrangement of wetland vegetation communities as an indicator
of wetland condition.

3.1 Introduction
The prairie pothole region (PPR) of North Americadaitterized by a rolling topography that

produces shallow, opewater wetlandg(van der Valk & Pederson, 2003) defining characteristic of

PPR wetlands is the patterns formed in wetland vegetation where different plesgmblages are found

in distinct zones within the wetlan(Btewart & Kamud, 1971) The primary driver of this vegetation
zonation is water depth(Keddy, 2000; Seabloom et al., 2004yt is affected by other physical and
chemical factors such as fertility, salinity, herbivory, and physical disturl{@adatowitsch et al., 2000;
Keddy, 1999) Thesedctors lead to the formation of distinct vegetation assemblages, each associated
with soil characteristics that are determined, primarily, by floodikgddy, 2000; van der Valk, 1981)
These assemblages of vegetation possess unique growth forms, with floating and submerged aquatic
vegetation occupying deep open water, emergent vegetation growing in shallower open watkemadve
dependent and facultative forbs and grasses growing in wet soils, and upland species invading at the
dryer margins of the wetland (Figurel3. This results from the progressive exclusion of plant species
that lack adaptations that let them persist inore persistently flooded soils and competition release for

species that possess such adaptati¢keddy, 1992; Shipley, 2010)

Prairie pothole wetlands have weak surface connections with other wetlandshey possess a
variable hydrology that responds to the climate in the redidlcCauleyet al., 2015) These wetlands
experience cycles in their watlevels determined by precipitation (primarily winter snowfall) and
evapotranspiration throughout the summer with some changes in response to large rainfall events
(McCauley et al., 2015; Poiani & Johnson, 208 water level is the primary driver in wetland
vegetation zonation, there is a corresponding fluctuation in the pattern of wetland vegetation zonation

as water levels chang&eddy, 2000; Seabloom et al., 200Rs water levels drop, previously inundated
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sediment isexposed allowing annuals whose seeds have been dormant in the seedbank to germinate
and colonize the exposed sade, while emergent species will die off due to low water le(fetsani &
Johnson, 2012)When flooding returns, the annuals will be drowned out, and emergent species will be
able to reestablish in the wet conditions. While water level is therany driver of these vegetation
dynamics, there are other constraints including the composition and integrity of the seed bank, the
dispersahbility of propagules, seedling germination characteristics, and species surviv@Pstigmi &

Johnson, 2012; Seabloom et al., 2001)

Moreover, recent work by Kraft et al. (in review) revealed a strong association between
surrounding land cover and water and sediment qualitgriairie pothole wetlands of Alberta. The
conversion of land cover from natural grassland or forest to cropland creates an influx of both nutrients,
which can cause eutrophication, and sediments which can impact invertebrate communities and
submersed aqudt vegetation(Gleasoret al, 2003; Kennedy & Mayer, 2002; Paradsisl.,2010)
Alterations to the surrounding topography and installation of roads can remove temporangcioms
that exist between wetlands; these connections serve to move vegetation propagules between the
normally isolated wetland&Galatowisch & van der Valk, 1996; Seabloom et al., 20Qigland
disturbance also facilitates the introduction and propagation of invasive species into adjacent wetlands
which could alter the vegetation community composition and arrangenibekeyseet al,, 2009)

Most importantly, however, changes to land cover can alter wetland hydrology, for example increasing
surface runoff by reducing soil infiltration ratesde Van der Kamp et al. 2003) or by draining adjacent
wetlands, resulting in consolidation of water in remaining wetlafedg.,McCauley et al2015)

Because surrounding land cover can influence water and sediment quality in the wetland (Kraft et al. in
review), the flow of organisms in and out (Seabloom et al. 2001) and wetland hydrology (van der Kamp

et al. 2003), vegetation zonation patterage quite sensitive to surrounding land cover and land use.
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Given the sensitivity of vegetation zonation to anthropogenic disturbance, | hypothesize that
vegetation zonation could be used as an indicator of wetland ecological condition. | predicietietayv
vegetation zones will not only be affected by agricultural activity (e.qg., livestock grazing, cropping,
haying) that takes place within the wetland boundary but also by activities and land conversion within
the wetl|l and’ s c at clbxpeetithatthe spatibl arramgénters of vegetatiod zones will

be influenced by the activities taking place within the wetland and in the surrounding landscape.

Landscape ecology aims to describe the structure, function and change of patches within a
landscape(Leitao and Ahern, 2002; McGarigaMarks, 1994) In this context, structure refers to the
composition of patches and their spatial arrangement (i.e., configuratiotmereasunction refers to
the interactions among these elemer(tglcGarigal and Marks, 1994hough typically applied to
landscapes comprising multiple ecosystems, the framework of landscape ecology can be used to explore
the relationship between spatial patterns and ecological integrity within a single ecosyktesada
landscape ecology approach, wherein vegetation assemblages of differing floristic composition are

considered different cl asddsageamd ei ndiewitduwalasutip
wetl and “ |teemtestedvhether vegetation zonation composition and configuration is

responsive tdhe level of agriculturgelated disturbance affecting a wetland and | will attempt to use
measuresofthe hape, size and distribution of these vege:
multimetricindex capable of evaluating wetland integrity. Despite how commonly they are used in

aguatic ecosystem evaluations (e.g., Barbour and Yoder 2000), tee#tteof my knowledge no one has

developed anultimetric index using composition and configuration metrics at the individual ecosystem

scale.

In this chapter, | will use these composition and configuration metrics to develop and validate a

multimetric assessment tool for the evaluation of prairie pothole wetland condition in the northern
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prairie pothole region of Alberta based on vegetation zonation patterns. | employed the same iterative

approach to metric selection that | outlined in chapter 2.

3.2 Methods

3.2.1 Site selection

| selected 72 sites spread between the Grassland and Parkland natural regions of Alberta. All
sampling at these sites took place between 2014 and 2015. The sites cover a range of permanence class
from temporarily to permaneny ponded wateisensuAlberta Enviornment and Sustainable Research
Development (ESRD), 2013)ermanence was estimated using theeida Wetland Inventory and
verified by onsite observations. Independent of permanence class, wetlands also spanned a gradient in
the extent of anthropogenic disturbance. Disturbance was determined using the land cover within a 500
m buffer surrounding eeh site. Information about the percent of naratural land cover was used to
ensure that the selected wetlands adequately covered-thsturbance (E25% nonrnatural land cover),
medium-disturbance (257/5% nonrnatural cover), and highisturbance (75% nenatural cover) bins.
Data on land use was obtained from the Alberta Merged Wetland Invef#d? 2014)and the

Agriculture and AgiFood Canada Annual Crop Invent@hAFC, 2013a, 2013b, 2013c, 2015)

3.2.2 Disturbance scores

Disturbance scores were calculated for each wetland based on the surrounding land cover that
was used during site selection. Following the procedure outline in chapter 2, the land cover estimates
were augmented based dn situobservations of 1) grazing intengitvithin the wetland, 2) the
presence of grazing or agriculture within the wetland boundary, and 3) the presence or absence of
pesticides within the wetland based on laboratory analysis carried out by Dr. Claudia Sheedy at the

Agriculture AgrFood Canadpesticide lab in Lethbridge, AB. These three parameters were combined
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with the surrounding land cover foroducedisturbance scores following the procedure outlined in

chapter 2 and Appendix 2.1 and 2.2.

3.2.3 Vegetation mapping

To approach vegetatioronation from a landscape ecology perspective, the boundaries of each
vegetation patch must be delineated and each patch must be categorized into specific vegetation
assemblages. This was accomplished by mapping the boundary of each vegetation assesiideae
SX Blue Il GPS/GLONASS receiver (Geneq Inc., Montreal, QC) and following a set of decision rules (Figure
3-3). Each wetland was visited between late July and early August to capture the peak vegetation
growing season. Wetland communities wederitified and delineated using a series of decision rules
similar to those used in vegetation mapping by the Ontario Ministry of Natural Reso(seesu
Ontario Ministryof Natural Resources, 2013jirst, vegetation was classified by the dominant vegetation
growth form (Appendix 3.3). Second, vegetation was classified by the dominartiongoant
vegetation cover. In most cases this was a species Adigma trivale) orgenus (e.g.Carexspp.), but in

some cases, the dominant cover was not vegetated (e.g., open water, bare ground).

Once vegetation assemblages were defined on the basis of their dominant growth form and
cover type, their extent was mapped using®X Blue Il GPS/GLONASS receiver (Geneq Inc., Montreal,
QC) while physically walking along the perimeter of each patch of each vegetation assemblage following
a strict protocol (Figure-3). While walking, the GNSS receiver registered a point every fowiding
the position dilution of precision (PDOR)less than 4, create polygons that were saved in a Juno T41 C
handheld device (Trimble Inc., Sunnyvale, CA) using ArcPad 10.2 software (ESRI Inc., Redlands, CA).
Since we were recording a point for eyeneter walked, patches that were less than 0.5 m2 were not
mapped and were aggregated with the assemblage that comprised the greatest proportion of the edge.

The boundary of a wetland assemblage was delineated by changes in the vegetation growthdorm an
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changes in the dominant species. In cases where the patch boundary was ecotonal instead of sharp, |

placed the boundary at the point where the adjacent assemblages were about equally present, i.e., in

the middle of the “1tr ages.iThis$5/B0 rdedsramalogols¢otthe deeisiona s s e m

rule used to define vegetation patches in the Ontario Wetland Evaluation Sy6tetario Ministry of
Natural Resources, 2018hd the 50% rule used by the US Army Corps of Engineers to ideatglant
community is hydrophyti¢U.S. Army Corps of Engineers, 198The outer margin of the wetland was
also mapped, following the 50% rule, such that any patches including < 50% relative cover of wetland

obligateor facultative wetland plant species was excluded from the wetland.

3.2.4 Vegetation map processing
Vegetation assemblage patch polygons made by the SX Blue Il receiver points were uploaded
and audited in ArcMap 10.3 (ESRI Inc., Redlands, CA) to amysicipology errors that may be present

in the data (Appendig.2).

Once all vegetation assemblage patch polygons were audited, | converted them from a vector
format to a raster format using the Polygon to Raster tool in ArcMap 10.3 using a minimwsizeelf
0.5 m to reflect the smallest patch measured during the mapping process. | then applied an 0.5 m wide
upland edge border around each wetland using the Buffer and Merge tools. Lastly, | converted the raster

map files for each wetland into TIFFrfat using the Raster to Other Formats tool.

3.2.5 FRAGSTATS and metric generation

| characterized vegetation zonation using a variety of composition and configuration metrics,
which can be categorized into six classes, five of which (area/edge, shapeyea, contrast and
aggregation) can be created at the patch, class, and landscape level, whereas the sixth category,
diversity, can only be calculated at the landscape level (Appendix 3.1). A summary of these metric

groups and their applicable levelarcbe found irtable 31. These metrics provide a quantifiable
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description of the configuration characteristics of the vegetation communities within a landscape, in this

case an individual wetland.

The program FRAGSTATS created by McGarigal and (29K3 calculates a number of
configuration and composition metrics based on input data and GIS imagtrg scale of individual
patches, classes, and whole landscapes. In my study, | usedi@attimetrics from FRAGSTATS to
compute metrics for indidual patches of vegetation assemblages, elagsl metrics to compute
metrics for different vegetation assemblages, and landsdapel metrics to compute metrics
characterizing the whole wetland. All TIFF files were uploaded to FRAGSTATS as welynecessa
supplementary tables such as class descriptors (a list that defines which raster cell value corresponds to
which vegetation assemblage (Appendix 3.3)), a table defining edge depth and edge contrast. Edge
depth was set at a fixed 1.5 m based on fieldetvations. Thus, assemblages smaller than 1.5 m in
width were considered entirely edge. The edge
edge contrast between two adjacent patches of different vegetation assemblage class ranging from 0
(nocontrast) to 1 (maximum contrasfiMcGarigal & Marks, 1994)n my study, | based the contrast
weight on the difference in vegetation height, estimated from dominant vegetation growth form

characterizing the \getation assemblage class (Appendix 3.4).

3.2.6 Metric prescreening

Metrics pertaining to individual patches within a vegetation assemblage were deemed too
specific to be useful in wetland assessment, hence metrics were limited to the entire vegetation
assemblage (vegetation assembldgeel, n = 23 metrics) and the entire wetland (wetldedel, n = 29
metrics; Appendix 3.5). Combining vegetation assemblegel metrics and wetlantevel metrics

resulted in 1202 potential metrics to be evaluated fazlusion in the MMI (Appendix 3.5).
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MMI creation followed a similar procedure to the iterative approach discussed in chapter 2
using metrics derived from t he). Whe L202ametcs wereffilsto r i st i
tested for suitable ange: by measuring the difference between theaghd 93" quantile for each metric
value. If a metric had a difference of O it was deemed to have insufficient range to be considered further
and was removed. Next, metrics were selected based on theiitséiygo disturbance scores: metrics
that had a reasonable difference in value between the upper and lower quintile of sites ranked by their
disturbance score were considered potential metrics. This sensitivity test was carried out as-a Mann
Whitney U est on metric values at the low versus the high disturbance sites using the program R 3.4.2
(R Core Team, 201®jth an alpha value of 0.2. The Malvhitney U est was chosen as it does not
require a normal distribution in metric values. Metrics that passed both the range and sensitivity tests

were considered candidate metrics and included in the MMI development and validation procedure.

3.2.7 MMI creation

In total, | generatedl50,000potential MMIs including either 4, 6 or 8 metrics (50,000 MMIs
each). MMIs were generated by randomly sampling metrics without replacement from the pool of
candidate metrics. Of the 50,000 MMIs that were randomly generated fdr bd| size class, those
that violated a collinearity criteria were discarded. The criteria for collinearity was based on correlation
among ranked residuals following a Spearman correlation that was carried out between all candidate
metrics. MMIs that ha@ mean correlation below 0.7 and pairwise metric correlation below 0.9 were

considered acceptable and considered as potential MMIs.

For MMIs that passed the collinearity criteria, the selected metrics were then standardized and
scored using the methodutlined in chapter 2. In brief, thé"ercentile value was subtracted from the
metric value then was divided by the difference between theafd 95" percentile. If the metric value

was positively correlated with disturbance, it was subtracted fa@f. The results were multiplied by
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100 with any values below 0 becoming zero and any values above 100 becoming 100. Metric scores

were then summed across all metrics (4, 6, or 8) to produce an MMI score for each MMI.

| then compared MMIs within metrisize classes using simple linear regression with MMI score
as the response variable and disturbance score as the predictor variable, with n = 72 wetlands. Selection
of the optimal MMI within each size class was based on AlCc weights in RR3Gb2e Team, 2017)
using the AlCcmodavg packaddazerolle, 2017) The MMI with the lowest AICc weight was selecesd

the best performing MMI within each metric size class.

3.2.8 MMI Validation

Since all my sampled wetlands (n = 72) were used to develop the MMIs, | cannot use the
traditional leavep-out cross validation techniquer MMI validation Instead, | degied a twefold
approach to MMI validation, considering the best performing (lowest AlCc value) MMI within each
metric size class and applying a combination of bootstrapping without replacement to assess any
overfitting of our MMI scores to disturbance sesrand a MariWhitney U test to assess the ability of
our model to distinguish between the lowest and highest quintile of sites ranked by their disturbance
scores. Each MMI that passes both the Mainitney U test and the bootstrapping validation wid b

considered in the final MMI comparison.

First, | used bootstrapping without replacement to repeat the linear regression analysis between
disturbance scores and MMI scores using a random subsample of 70% of my sites and recording the
slope of the relatioship between disturbance and MMI scores for that data subset. | repeated this
1,000 times and the resulting distribution of regression slopes was used to establish 90% confidence
intervals by removing the'5and 95" percentile values. If the 90% corditte interval around my slope
value for a particular MMI were entirely below O (i.e., a negative slope, as expected from the

hypothesized relationship between MMI scores which reflect ecological integrity and disturbance scores
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which reflect ecological ingirment), then | could conclude that the slope is significantly negative and
that my MMI were not overfitted to the disturbance scores of the 72 study wetlands used to develop

the MMI.

My second validation technigue was to usé&lannWhitney U test mirroring the approach
used to test the sensitivity of individual metrics. This test involves separating the lowest and highest 20%
of sites on the basis of their disturbance scores, and then conducting a-Waitney U test in RR
Core Team, 20179 evaluate whether MMI scores differ significantly between the upper and lower

quintiles of disturbance scores.

The last step in MMI development and validation wasampare validated MMIs among the
different MMI size classes to select the optimal MMI that bedicateswetland disturbance using the
minimum number of metrics. | used an AICc model comparison framework, contrasting the optimal,
validated MMI from eachise class. AICc analysis was done in R (R4Cbre Team, 201u3ing the

AlCcmodavg packag®lazerolle, 207T).

3.2.9 Supplementary Tests

To assess any potential bias in MMI scores attributable to ecoregion, wetland permanence class
or sampling yeal plotted MMI scores against disturbance scores to visually assegmtential bias
Any apparent bias ithe MMI would then be tested statistically with either #eist or an ANOVA,

followed-up with pairwi se Tukey’' s honestly significant differ

The total area of my sample wetlands is varied and this could introduce a bias into an MMI
based on langcape metrics, for example, whereby larger wetlands achieve higher scores not because of
superior ecological integrity, but simply because they are large. | will test for this in my dataset by

comparing the metrics in the best performing MMIs with areaée if they are biased by wetland area.
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3.3 Results

My vegetation mapping at 72 wetlands yielded comprehensive maps comprising 106 different
vegetation assemblages that | aggregated to produce 51 distinct vegetation assemblage classes and four
non-natural classes (e.g., cropland, road, etc.; Appendix 30nly vegetation assemblage classes were

considered in metric calculation.

For each of the 51 vegetation assemblage classes, | calculated 2&e&dssetrics and an
additional 29 wetlandevel mdrics, yielding a total of 1202 metrics. Of these, 438 metrics passed the
range test (Appendi.7). Of metrics with adequate range, 74 passed the sensitivity test, demonstrating
a statistically significant difference in metric value between th& gércentile lowest and highest
disturbance sites (Append®6). Thus 74 candidate metrics were considered for inclusion in the

randomly generated MMlIs.

Following random generation of 50,00&wktric, 6metric, and 8metric MMIs, only a subset
passed the ctihearity test. In total, 8966-+etric MMIs, 285 énetric MMIs, and one -8netric MMI

were accepted as neredundant.

These accepted MMIs were evaluated in a model competition framework, using AlCc to evaluate
model performance (Table 3.2). As therasmonly one 8netric MMI that had sufficient correlation it

was automatically selected as the optimal MMI for its size class (Table 3.3).

Validation involved two steps. The results of bootstrapping to randomly sample 70% of sites
without replacement prduced a distribution of slope values for the regression of scores from optimal
MMI of each metric size class on disturbance scores (Figdjelfit allwere significantly below zero
(90% CI was below zero based on 1000 iterations of bootstrapping; FdhleThe ManfWhitney U
test results reveal that the optimal MMIs were all able to differentiate the highest quintile of

disturbance scores from the lowest quintile of disturbance scores (Figbrd 8bleb).
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In comparing the validated, optimal MMitsterms of their AICc values, thenetric MMI was
significantly betteiat indicatingdisturbance scores than either themetric or the 8metric MMI (Table

3-6).

Scatterplots comparing MMI scores to sampling year, ecoregion and wetland permanence class
suggested that the MMI may provide lower scores to temporarily ponded wetlands, whereas more
permanently ponded ones (i.e., classeS)Zeceive an equivalent range of MMI scores (FiguBg. 3A
follow-up ANOVA test revealed that MMI scores did diffgngicantly among wetland permanence
classes (TableB) . However , t-Bignifichrddkfergnce sest foond mo signifigant
difference in MMI scores between any combination of permanence classes (Tapl&Bosample t
tests between MMI scas and sampling year yielded nsignificant results, as well a twgample ttest

between MMI scores and ecoregion.

Comparison of metrics with wetland area revealed that only one of the metrics included in the
4-, 6-, or 8metric MMIs was significantlyrea-sensitive (Appendix 3.8): total edge of vegetation

assemblages increased with wetland area.

3.4 Discussion

Efforts to conserve and restore wetlands in the northern prairie pothole region hinge on our
ability to evaluate wetland conditiofGovernment of Alberta, 2013)Evaluation tools are necessary to
support regional monitoring of wetlands, to identify high quality wetlands in need of conservation or
degraded wetlands in need of restoration. Further, under a wetland mitigation framework that permits
natural wetlands to be destroyed, a scientifically validated wetland evaluation tool is critical to ensuring

that replacement wetlands are of adequatealiity. This is particularly important given the broad
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evidence that wetland restoration and reclamation rarely achieve wetlands of equivalent function to

natural wetlandqe.g., MoreneMateos et al. 2012)

Wetland vegetation occurs in assemblages delieed primarily by the hydrologic gradient
within the wetland(Keddy, 2000; Seabloom et al., 2001; Stewart & Kantrud, 18dialso by other
factors including fertilitf Galatowitsch et al., 2000; Keddy, 199&nthropogenic disturbance such as
cropping and grazing livestock can lead to wetland degradation, altering vegetation community
composition(Galatowitsch et al., 2000; McCauley et al., 2015; van der Ka@p 2003)and potentially
changing the configuration of these vegetation zonatidmypothesized that vegetation zonation
would beresponsiveo disturbance associated witlhuman activities in and surrounding wetlands,
particularly those that influence wetland hydrology because the sensitivity of vegetation to hydrology is
well estabished(Galatowitsch et al., 2000; Keddy, 1999; Paradeis et al., 20t0hdeed so consistent
that vegetation is an essential diagnostic indicator in most North Ameviedland classification
systemge.g.,ESRD2015; Cowardin et al1979; Stewart & Kantrud, 1971; Zoltai & Vitt, 1998}y goal
in this chapter was to develop and validatenaltimetricindex (MMI) to evaluate the degree of
agriculturerelated disturbance at a wetland using the spatial arrangement of wetland vegetati

communities.

The spatial approach to wetland assessment, specifically using spatially derived metrics to
indicate disturbance, is a novel approach to assessing wetland condition and indicating anthropogenic
disturbance. To the best of my knowledgesthépresents an innovation in wetland evaluation tool
development, as the spatial arrangement of vegetation zones has never been used as the basis of a
wetland assessment before. Given my success in developing and validating an MMI based on the
arrangemenif vegetation zones, | conclude that agricultural disturbance does have a significant effect
on the composition and physical structure of vegetation assemblages. Namely, agricultural activities like

cropping and grazing lead to increased sedimentatteulisst al., 2004; van der Valk, 198Tjutrient
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influx into wetlandgHoulaharet al, 2006) increased likelihood of invasive spedigsoduction
(Bartzenet al, 2010)and the removal of surface connections that may exist between nearby wetlands

(Galatowitsch & van der Valk, 1996; Seabloom et al., 2001)

Although no one has previously used the spatial zonation of vegetatidreasasis of a MMI, a
number of vegetatiorbasedmultimetric indices have been previously developed for wetlands in the
prairie pothole region(e.g.,DeKeyseet al.,2003; Mack, 2004hcluding in Albertde.g.,Raab & Bayley,
2012; Wilsoret al, 2013 Chapter 2 Recentlyan MMI has even been developed based on floristic
composition that applies to all wetland types across the conterminous United States (Magee et al.,
2017). A commonality among all these tools is that they require intensive sampling of wetland
vegetationwith identification of plants to the specidsvel. Several incorporate expert knowledge on
the regional sensitivity or tolerance to disturbance in the form of coefficients of conservg¢ism
Andreaset al.,2004; Wilsoret al.,2013) These subjective coefficients of conservatism provide a
numeric ranking for every species of plant present in the wetland, but such values are spesdfoft
region and may be unreliable given changes in climate and resulting shifts in species distrifeLgions
Schneider, 2013)Even vegetatiothased MMIs that exclude coefficient of conservatism values require
identification of vegetation to the species level for the calculation of metrics (e.g., richness of native
perennials(DeKeyser et al., 2003)jchness ofCarexspecies(Mack, 2007) In addition, several MMIs
require labor intensive and timeonsuming measures of plant biomass (€DgKeyser et al., 230 Raab
& Bayley, 20129r extensive knowledge of plant traits (e.g., native/exotic, monocot/dicot,
annual/biennial/perennialpeKeyser et al., 2003; Mad007; Raab & Bayley, 2012; Wilson et al., 2013
Magee et al., 201)7 Thus, MMIs are typically reserved for intensive assessments and are not considered
suitable when a rapid assessment is requifgddS.EPA, 2017)rhe MMI that | developed and validated
in this chapter eliminates the need for such finely resolved plant identifications or measures of plant

productivity, and | suggest it could be catered a rapid assessment approach. My MMI requires only
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the field-identification of a few species or genera and requires no sampling or laboratory analyses.
Further, because difficult to identify grasses, sedges and willows do not require sfeeeiks

identifications, the period during which my spatial MMI can be rigorously applied in the field is extended
compared with floristic composition MMIs, which can only be implemented during the window of the
growing season when traits necessary for florigtentification are evident. There even exists the

potential to adapt my spatial MMI to be applied via remote sensing, for example usingdsiglution

UAV imagery, to undertake rapid and remote assessments of wetland condition. Rapid, remote
assessmentsra important tools in wetland policy implementation given the high density of wetlands in

the PPR and limited resources for intensive site evalua(iorS.EPA, 2017)

The advantages of eliminating speciegel identifications and the potential advantages of an
MMI that could be assessed from high resolution imagery are somewhat offset by reduced precision in
wetland evaluation. A comparison betwedre floristichased MMI and the spatiddlased MMI showed
that the floristic based MMI scores had a higher R2 when compered to disturbance scores than the
spatial based MMI (see Chapter 4). The two MMIs | developed in this thesis could be used in tandem,
with the rapid spatial MMI offering a first approximation of wetland integrity and the floristic

composition MMI providing additional precision in uncertainligh stakescases.

While the spatial approach to wetland assessment might lack the resoltiiamormally
comes from an intensive floristic compositibased wetland assessment, the spatial approach is
perhaps most relevant from a wildlife perspective. This is because it directly incorporates the coarse
habitat structure characteristics that atsed by wetland birds when selecting sites. Much work has
been done to show that wetland birds select wetlands based on landssizgde metrics, such as
vegetation form, patch size or complexifilaugleet al, 1999; Poiani & Johnson, 2012; Puiclk Begley

et al, 2012; Riffelet al,, 2003; Riffelet al, 2001) Thus, this spatial assessment approach considers the
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same landscape metrics that birds use when selecting sites to nest and breed at, which likely aligns with

the management prioritis of many wetland restoration agents.

My initial pool of metrics contained 23 metrics associated with each cover class (n = 51) plus 29
additional metrics for the entire wetland as a whole for a total of 1202 starting metrics. After the range
and distubance relationship tests, the number of metrics dropped to 74 with only five of the starting 29
wetland-level metrics remained: two Area & Edge metrics (total edge and edge density), one core area
metric (Number of disjunct core areas) and two aggregatiatrics (aggregation index and landscape
shape index). Interestingly, only three of the initial 51 cover classes passed both range and sensitivity
tests: obligateCarexspp.,Salixspp., andAlisma triviale These three vegetation communities retained
all 23 of their starting metrics. Below | discuss these cover classes and why they might be strong

indicators of agricultural disturbance.

The obligateCarexcover class was an aggregation of all vegetation assemblages observed to be
dominated byCarex aterodes, Carex pelli, Carex retrosmal Carex utriculata These four species were
the only obligateCarexfound to dominate a vegetation assemblage and they were aggregated based on
their shared morphology and habitat neefdoss & Packer, 1983; U.S.DA, 2017khis simplified field
level identification significantly, as the species in this genus are commifigsedtiated by close
examination of the flowergMoss & Packer, 1983)hich are evident only during certain times of the
year and not Hindividuals in a population of perenni@hrexsp. will flower in a given summer. More,
some evidence from Minnesota wetlands suggests that the guild level might be more indicative of land
cover and land use changes than species compodi@atatowitsch et al., 2000TheCarexgenus
contains many species categorized as wetland obligate or facultative wetland species and is an
important indicator of wetland typerad permanence clagd).S.DA, 2017b)ObligateCarexspp.
typically occur in the wet meadow zone of prairie pothole wetlaf®tewart & Kantrud, 1972and

several studies have identified the sensitivity of the wet meadow zone to disturliaerg.eRaab &
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Bayley, 2012; Wilsat al,, 2013) Sedges and other perennial species were found to be replaced with
annuals or introduced perennials in recently cultivated wetlands in Minng€aa#atowitsch et al.,

2000) potentially due to the sensitivity of this assemblage to sedimentaiidarner & Zedler, 2002)

The members of this genus that tended to dominate assemblages are all tissoikg keystone
modifiers that actually enhance floristic diversity by creating microtopographical heterog€wéitsner

& Zedler, 2002thus metrics based on the abundance and distributio@afexspp. obligates are

ecologically meaningful.

Willows Galixspp.) were found at just over 7% of sitéh = 17) with 13 of those sites being in
the Parkland ecoregionSalixspp. are shrubby plants that are often found in wet habitats and require a
moist environment for seed germinatiqArgus, 2008; Kuzovkina & Quigley, 2008he fluctuating
hydrology of prairie pothole wetlands is ideal for the colonizatioSalixspp. with germination
occurring in drawdown phases when water leveks law enough foSalixto establish but high enough
to preventSalixfrom excluding other wetland vegetatigifimoney & Argus, 2006Most species of
Salixobserved in our study were considered wetland obligates withremainder considered
facultative wetland specie@d).S.DA, 2017b)Since willows will colonize during drawdown or desiccation
events, willows are consi der(€mdonayé& Argus, 200@hought ur banc e
total removal of willows was observed at wetlands affected by agriculture. Willow stands provide

important nesting habitat for various bird€hastanet al, 2017; Olechnowski & Debinski, 2008)

The northern water plantain, oklismatriviale is a native perennial forb that was found in both
the Grassland and Parkland natural regions of Alb@tavernment of Alberta, 2015; Moss & Packer,
1983) The coefficient of conservatism valuesAottrivialeare 6 for the Grassland region ando4 the
Parkland regioiNGPFQA, 2001; Pipp, 2015; Wilsobal.,, 2013) In the Parkland regior. triviale was
exclusively found at wetlands that were surrounded by row crops (n = 2). The sole occurrence in the

Grassland was at a site that was heavily affected by drawdown the year it was samfpaca triviale
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was characterized by Stewart and Kanti(1972) as a drawdown species that was commonly found in
tilled wetlands and persisted along a gradient of salinity ranging from fresh to moderately brackish
(Stewart & Kantrud, 1972)Futher, a study by Gleason et §2003) found that while sedimentation
associated with disturbance tends to decrease the emergence success of propagules in thenkeed ba
Alisma trivialewas able to germinate despite increased sedimenta{iGfeason et al., 2003)This trait,
perhaps, explais whyA. trivialecommunities were only primarily found at sites with high agricultural

disturbance.

| was able to construct MMIs including 4, 6, and 8 metrics that met criteria for range, sensitivity,
and nonredundancy. These MMIs were not overly sigime to the individual sites included in their
development, as evidenced by a bootstrapping validation test that determined the slopes between MMI
scores and disturbance scores were significantly negative. Further, these MMIs were able to readily
distinguish between high and low disturbance sites, as evidenced by significant difference in MMI score
between the top and bottom quintiles of disturbance scores. Though MMls validated from each metric
size class, | conclude that thentetric MMI provided the ptimal number of metrics based on AlCc
values. While | recommend the application of the optimalBetric MMI for evaluating the integrity of
wetlands exposed to agricultural disturbance in the Parkland and Grassland natural regions of Alberta.
It is impatant to note that the 4, and 6metric MMIs had similar AIC scores and some examination of

each tool was required before making a final decision.

The best performing46- and 8metric MMIshad a number of similarities. There were two
metrics that wee included in the final tools in each metric class: the aggregation index for the entire
wetland, and the splitting index for wetland obliga@arexspp. This clearly shows the importance of
these two metrics in these MMIs. While most of the metricshiese tools are cladsased, each final
tool has at least one landscafsased metric. Finally, aggregation metrics were also important for these

tools with at least half of the metrics in the,%-, and 8metric MMIs being aggregation metrics,
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including he two metrics found in all three MMIs. While there are a lot of similarities, | feel that-the 6
metric MMI stands apart, not only because of the higher AIC score, but it incorporates a third metric
category into the tools having two area/edge metricggihh aggregation metrics, and one contrast

metric compared to the 4netric MMI which only has area/edge and aggregation metrics.

This 6metric MMI included metrics from the Area/Edge, contrast, and aggregation categories of
landscape metrics with four mets chosen at the vegetatiessssemblage scale and two at the wetland
scale. Since each metric is calculated using the same basic components (i.e., patch area, edge length
and interpatch distance) there is some correlation expected between landscapeasi@ieargiset al,

1998) This correlation, however, is controlled for in the iterative MMI generation process as MMIs
with strong pairwise and mean metric correlation are removed from consideration. The resulting
potential MMIs show a strong separation oktrics by both category and cover class (Table 3.2). Of the
10 MMis considered for-thetric MMI class, all but one MMI had the following metric configuration: 2
obligateCarexspp. metrics, Balixspp. metric, JAlisma trivialemetric and 2 landscape miéts.

Multiple metrics from within the same cover class (eGarexspp.) were almost always from different
metric categories with the exception of the landscape aggregation index and landscape shape index
which, while both aggregation metrics, are cdétead in different ways (Appendix 3.1). The AICc values
for the top 10 6metric MMIs are not strongly dissimilar, meaning the improvement between the most
likely model and the second most likely is small. The benefit of using the iterative approach to MM
creation is that the final model is statistically better than the others as random selection of metrics can
provide a better combination of metrics than simply selecting the metric that is most indicative of
disturbance; the random combination of metrican produce a final tool that better indicates
disturbance. In the case of the spatial MMI, the complicated correlation of metrics and metric
categories is controlled for in the selection process and the best model from a series of similar models is

sekected through statistical procedures.
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One of the common criticism of landscape metrics is that while they are certainly useful in
describing the spatial structure of patches within a landscape, there is no explicit connection between
many of these metrig and any actual ecological procesféscet al, 2001) Since our intent is to use
these metrics as indicators of disturbance imaltimetricindex, he nebulous connection to ecological
processes is unimportant, as long as the sum of metric scores is strongly and retiataive of
disturbance. In this way, MMIs can function as useful tools in wetland management and conservation,
even if we are ucertain of the causal mechanisms linking disturbance to the observed response in each
metric (Schoolmaster et al., 2012However, we can speculate about the reasoning behind the

sensitivity of the metrics included an MMI.

My 6-metric MMI included two metrics related to assemblages dominated by wettdoligate
Carexspp. The percentage of the landscape (PLAND) ansptitéing index (SPLIT) of vegetation
assemblages dominated by wetlanbligateCarexspp. are reduced in wetlands experiencing greater
agriculturerelated disturbance. The percentage of the landscape metric is an area/edge metric that
calculates the progrtion of a landscape comprised of a particular cldésGarigal, 201%)n my case,
the proportion of a wetland occupied by obligaBarexspp. The percentage of the landscape metric
doesnot convey any information about the configuration or dispersio€afexspp. within the wetland,
only the percentage of the wetland that is occupied by wetlabtigateCarexspecies. In my sample
sites, the percentage of the landscape metric was lowdrigh disturbance sites, with 12 of 18 sites in
the highest quartile of disturbance (Disturbance score:-248) having n&Carexdominated
communities at all. The mean percentage of the landscape of the sites that did have wetland obligate
Carexcommunities was 14.4% with a median value of 8.8%. Comparatively, the wetlands in the lowest
guartile in terms of their disturbance scores (Disturbance score9@)$had a mean percentage of the

landscape metric value of 26.9% with a median percentage datigscape metric value of 20.3%. This
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implies that low disturbance wetlands had a higher percentage of vegetation communities whose

dominant vegetation type is a wetlandbligateCarexspecies.

Thesecond metric associated with obliga@arexspp. was he splitting index, an aggregation
metric which was originally created to assess habitat fragmentation measuring the probability of two
animals in separate patches of the same vegetation assemblage meeting in the lan@seager, 2000)
The splitting index essentially measures fragmentation by produaithe number of patches of equal
size that a vegetation assemblage would need to be divided into to obtain the degree of fragmentation
observed naturallfMcGarigal, 2015) This metricanges from 1 (where the landscape is a single patch)
to the number of cells in the landscape squakdtcGarigal, 2015) The splitting index value increases as
the wetland obligateCarexspp. patches are reduced in area and siibided into smaller patches,

therefore the metric score increases as the number of patch€saoéxbecome less aggregated.

The metric associated withlisma trivialedominated assemblage is the landscape shapex
(LSI). The landscape shape index is a measure of the perareteratio for a given class within a
landscape and the landscape bound@icGarigal, 2015which is the wetland edgglus the perimeter
of Alismatriviale dominated patches divided by the landscape area. This metric was found to be
positivelyassociated with disturbance, meaning that as disturbance increased, the amount and
complexity ofAlisma trivialedominated patche also increased. Given thalisma trivialds often found
in mud flats(Stewart & Kantrud, 1972nd has been shown to be resistant to sedimentation caused by
disturbance(Gleason et al., 2003}t stands to reason thadlismatriviale may be associated with
agriculturally disturbed areas. As agricultural disturbance increases, so too does the complexity of

Alisma trivialedominated communities.

The metric associated witBalixspp. domina¢d communities was the contrasteighted edge

density (CWED), which is negatively associated with disturbance. The contrast weighted edge density
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metric is a measure of edge density, i.e., the total edge of patches of a class divided by the landscape
area(McGarigal, 2015) The contrast weighted edge density metric modifies this edge density value by
using the edge contrast values from the edge contrast table (App&xixaking into account the

degree of similarity bsveen the edge of the class and its neighb@viGarigal, 2015) In my case, the

edge contrast was based on differences between the growth form of neighboring commuisiaés.

spp. cargrow to be several meters tall, giving them strong contrast with the forbs and grasses often
found in wetland communities. As disturbance increases, the contrast weighted edge density value was
observed to decrease meaning that the complexity and si&abkspp. communities decreases with

disturbance.

The final two metrics are calculated for the entire wetland, they are not associated with any
specific vegetation assemblage. The first is the total edge (TE) within the landscape, which is sum of the
length of every edge segment for every patch in the lands¢&ja&arigal, 2015) This metric will
increase in value as more edge is present in the lands@dp&arigal, 2015herefore the greater the
number of patches and the more complex the shape of those patches, the higher the total edge value
will be. The total edge metric is negatively associated with disturbaneaning that low disturbance
wetlands have a greater number of patches and greater patch shape complexity than high disturbance

wetlands. High disturbance wetlands have fewer patches with less complex edges.

The second landscape metric is the aggregmaiimlex (Al), an aggregation metric that calculates
the number of like adjacencies (cells entirely surrounded by cells of the same vegetation assemblage)
for each vegetation assemblage as a proportion of the total possible number -afdjaeencies (if &l
the patches were aggregated into one patch) summed for each vegetation assemblage in the landscape
(McGarigal, 2015) This metric represents the aggregation of patches on the landssap@earcentage

value; the Al would be 0 if there were no like adjacencies and 100 if the landscape was entirely one
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patch(McGarigal, 2015) This metric is positively associated with dibnce, meaning that as

disturbance increases, the vegetation assemblages within a wetland become increasingly aggregated.

Based on the trends observed in the spatial metrics, low disturbance wetlands are characterized
by a high number of obligat€arexpatches (PLAND) that are spread out through the wetland (SPLIT).
Also, complex patches &alixshrubs and simple to no patchesAlfsma trivialgLSI). Finally, low
disturbance wetlands had a greater variety of other vegetation assemblage patchéisafTdte
dispersed with low aggregation (Al). These characteristics were found in low disturbance wetlands using

the 6metric MMI based on spatial metrics.

An effective MMI must apply equally well across its jurisdiction of implementation, must provid
consistent scores that are insensitive to interannual variation in climate, and must be unbiased in terms
of the scores achievable by marshes of differing hydroperiod or permanence Tlassesults of the
ANOVA and subsequeftu k ey ’° st e tsthere issanthigioadlytsignifitant difference between
wetland classes, specifically temporary wetlands. This difference is likely due to the difference in size of
temporary wetlands compared to larger wetlands with longer hydroperiods. Smaller wethdihdisive
less complex zonation, small assemblages and lower assemblage richness based on field observations.
While this tool remains effective in temporary wetlands, it would be somewhat misleading to compare
MMI scores between temporary wetlands and Vegtds of a longer hydroperiodlhe nonsignificant
results for the twesample ttests show that the spatial MMI is robust to intennual variation and

differences in ecoregion.

One metric, the total edge of vegetation assemblages in the wetland, wasl fim have a
strong relationship with areaThe valiesfor total areawould increase as wetland size increasatte
total edge not only measures the edge of vegetation patches within the wetland but of the edge of the

wetland itself(McGarigal, 2015) This trend is likely responsible for the strong area association seen
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between temporary wetlands and the spatial MMI scoasgemporary wetlands tend to be smaller

than wetlands of a longr permanence classThough this does not significantly compromise the use of

the MMI in temporarily wetlands, the implication is that care should be exercised in comparing
temporarily-ponded wetland MMI scores to the scores of more permaneptyded wetands and that

small wetlands may be undervalued. This is a risk because research has shown that small wetlands are
already experiencing greater rates of loss than larger wetlands in Parkland AlBertan & Creed,

2014) This association with wetland area brings a caveat to the use of the sigiiineaning that

the 6-metric MMI will likely produce a lower score for temporary wetlands and should be substituted

with the 4metric spatial MMI when looking at temporary wetlands.

3.5 Conclusion

To address the problem of continuing wetland loss, ®/ernment of Alberta has instituted a
new wetland policy aimed at mitigating wetland loss while providing for removal of wetlands should
there be no alternative. Under this policy, wetland removal requires the replacement of lost ecosystem
services, whig often requires the creation or restoration of a wetland. To evaluate the success or
failure of wetland restoration a scientifically validated tool is needed to assess wetland health. This
chapter details the creation and validation ofrultimetric index that measures the health of wetlands
using the novel approach of having the spatial characteristics of wetland vegetation communities be the

biotic indicator of wetland health.

Using spatial metrics to act as an indicator of disturbance is a new agpvaithin the Prairie
Pothole wetland ecosystem. My results show that it is possible to make an MMI using landscape
ecology metrics on the individual wetland scale. This type of assessment has the potential to be carried
out wusing r e mo twekichsauld significgntlyancreaseAhé eficiency with which these
assessments could be carried out, which in turn could lead to an increased monitoring and assessment

put forth by managers and stakeholders. In addition, the metrics used in this tool jpmyide insight
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to the restoration agents in designing newly restored wetlands. Knowing thatlistwrbance wetlands
tend to have less aggregated, more complex sedge communities could lead to better planning and
planting of wetland vegetation commuigs to attempt to mimic those seen in leslisturbance

wetlands.
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3.6 Figures
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Figure3-1: A schematic of different wetland vegetation assemblages along a hydrologic gre
Adapted from Keddy (2@). Note that the slope of the shoreline is not to scale.
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Figure3-2: A schematisummarizinghe steps in creating my spatial Miihd the statistical procedures
used at each step
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Figure3-3: Schematic outlining the steps in delineating and mapping wetland vegetation communities
using the 50/50 rule discussed in the methods section
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Figure3-4: Histograms showing the distribution of slope values calculat
through bootstrapping without replacement (k=1000). Distributions for
optimal 4metric MMI (A), the optimal @netric MMI (B), and the only

acceptable 8netric MMI (Chre all less than zero.
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3.7 Tables

Tabk 31: A summary of different spatial metric groups, a brief description and the level at which the
metric isapplicable: patch (referring to an individual patch of vegetativayjetation assemblag@ll the
patches of the samtype considered together) or the entire wetland level. Adapted f(btoGarigal &

Marks, 1994)

Metric Group

Description

Applicable Level

Area/Edge

Shape

Core Area

Contrast

Aggregation

Diversity

Metrics that describe the size o
patches through their a&a and
the amount of edge around the
patches.

Estimates of patch shape base
on various calculations using
the area and perimeter of
patches.

Metrics based oithe difference
between edge habitat and
habitat at the center, or core, 0
a patch.

Metrics related to the
difference in habitat between
all possible paiwise
combinations of vegetation
assemblages in theetland.

Metrics that describe the spatie
arrangement of patches across
the landscape.

Metrics that quantify the
differences in patch
composition through mndard
richness measures and diversil
indices such a
Simpson’s dive

Patch, vegetation assemblage
wetland

Patch, vegetation assemblage
wetland

Patch, vegetation assemblage
wetland

Patch, vegetation assemblage
wetland

Vegetation assemblage &
wetland

Wetland
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Table 32: The top ten MMI models in the-4nd 6metric category based on their AlCc values and AlCc
weights and he only 8metric model

Number Cumulative
of Metrics AlCc &k IL L”'l"e‘l)i‘:li'o g WQ:C&S AlCc
Metrics 9 Weights
oblcarex_TE, oblcarex_ SPLI
salix_ED, Al Land 774.66 0 1 0.12 0.12
oblcarex_ED, alisma_TE,
salix_ED, NDCA_Land 774.72  0.06 0.97 0.12 0.24
oblcarex_TE, oblcarex_ SPLI
salix_ED, ALand 775.03 0.37 0.83 0.1 0.35
oblcarex_PD,
alisma_COHESION, salix E 775.03 0.37 0.83 0.1 0.45
NDCA Land
oblcarex_ED, alisma_MESF
4-. salix LPI. NDCA Land 775.04  0.39 0.82 0.1 0.55
Metries Al Land, alisma_PLAND
_salix_ED, TE:Land 775.13 0.47 0.79 0.1 0.65
oblcarex_NDCA, alisma_PLA
salix_ED, Al_Land 775.32 0.66 0.72 0.09 0.74
ED_Land, alisma_ED,
salix_PLAND, TE_Land 775.38 0.72 0.7 0.09 0.83
TE_Land, alisma_LPl, salix_L 775 35 75 0.7 0.09 0.91
ED Land
oblcarex_ED, alisma_LPl, 775 39 73 0.69 0.09 1

salix_ED, LSI_Ldn
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Number
of Metrics AlCc kK !
Metrics

Model

AlCc

Likelihood Weights

Cumulative
AlCc
Weights

oblcarex_PLAND,
oblcarex_SPLIT, alisma_LS 773.24 0
salix_CWED, TE_Land, Al_L:

oblcarex PLAND,
oblcarex_SPLIT, alisma_LP
salix_PLAND, LSI_Land,
Al_Land

oblcarex_TE, oblcarex_ SPLI
alisma_NLSI, salix_ED, 774.39 1.15
ED Land, Al_Land

oblcarex_PLAND,
oblcarex_SPLIT, alismaL8R
salix_ DCAD, NDCA Land,
Al_Land

oblcarex_PLAND, oblcarex_F
6- alisma_NDCA, salix_ED, 774.59 1.35
Metrics TE Land, Al_Land

oblcarex PLAND,

oblcarex NDCA,
alisma_PLAND, salix_ED,

TE_Land, Al_Land

oblcarex PLAND, oblcarex_L
alisma_SPLIT, NDCA_Lanc 775.05 1.81
ED_Land, Al _Land

oblcarex_LPI, oblcarex_NP,
alisma_LPI, salix CWED, 775.08 1.84
NDCA Land, Al_Land

oblcarex_PD, oblcarex_Al,
alisma_NP, salix_ED, TE La 775.17 1.93
Al_Land

oblcarex_ED, oblcarex_NP,
alisma_ED, salix. PLAND, 775.3 2.06
LSI Land, Al_Land

773.85 0.61

774.55 1.32

775 1.76

0.74

0.56

0.52

0.51

0.41

0.4

0.4

0.38

0.36

0.19

0.14

0.11

0.1

0.1

0.08

0.08

0.08

0.07

0.07

0.19

0.33

0.44

0.53

0.63

0.71

0.78

0.86

0.93

alisma_DIVISION,
oblcarex_TECI,
oblcarex_DCAD, salix_LSI, NA NA
oblcarex_SPLIT, LSI_Land
Al_Land, oblcarex_MESH

8_
Metrics

NA

NA

NA
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Table 33: Spatial MMI metrics and their properties for the optimal MMI of each size class (4, 6, & 8). Detailed descriptions ®tarete

found in

Appendix 3.1.

MMI

Metric Names

Descriptions

Relationshipto
Disturbance

Spatial Metric Group

Spearman Rhp-value

Total edge lengtlof obligateCarex

ne.oblcarex_TE - negative Area/Edge -0.021¢ 0.883:
communities

ne.oblcarex_SPLIT The spht‘g_ng index for obligat€arex negative Aggregéon -0.200¢  0.090¢
communities

4-Metric
MMI The aggregation index for all

Al_Land vegetation assemblages across the positive Aggregation 0.186€ 0.116F
entire landscape

ts.salix_ED Total edgt_e density fdBalix negative Area/Edge -0.155¢ 0.191-
communities

ne.oblarex PLAND | e'éentage of the landscape oceupii, i e Area/Edge 0.186¢  0.115¢
by obligateCarexcommunities

be.alisma_LSI Landscape shape index falisma  positive Aggregation 0.1761 0.138¢
triviale communities

6-Mertic ts.salix_ CWED Contrastweighted edgedensity of -\ ;o Contrast 0.151C  0.205¢
Salixcommunities
MMI

TE_Land Total edge of all vegetation negative Area/Edge 0,092 0.439:
assemblages across the landscape

ne.oblcarex_SPLIT The splitting index for obligat€arex negative Aggregaion -0.200¢  0.090¢

communities

82



MMI Metric Names

Relationshipto

Descriptions Disturbance

Spatial Metric Group

Spearman Rhp-value

The aggregation index for all

6_I\I\:E}CIHCAI_Land vegetation assemblages across the positive Aggregation 0.1866 0.1165

entire landscape

be.alisma_DIVISION Landscape division index fafisma  positive Aggregation 0.1791 0.132¢
triviale communities

ne.oblcarex_TECI Total edge cor?t_r ast index for Obllgat‘positive Contrast 0.2714 0.064<
Carexcommunities

ne.oblcarex DCAD 1€ disjunct core area density of ;o Core Area -0.285¢  0.014¢
obligateCarexcommunities

ts.salx_LSI Landscap_e shape index f8alix negative Aggregation -0.1367 0.252:
communities

g Metic The splitting index for obligaté
MMI' ne.oblcarex_SPLIT € splitting index for obligatearex negative Aggregation -0.200¢  0.090¢

communities
The landscape shape index for all

LSI_Land vegetation assmblages across the negative Aggregation -0.1824 0.1251
entire landscape
The aggregation index for all

Al_Land vegetation assemblages across the positive Aggregation 0.186€ 0.116¢
entire landscape

ne.oblcarex MESH The effective mesh size for obligate negative Aggregation -0.162¢  0.1717

Carexcommunities
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Table 34: 90% confidence intervals for 4, 6, anth&tric MMI bootstrapped slope values.

MMI Lower 90% CI Upper 90% CI Mean Slope
4-Metric -0.5079 -0.2278 -0.36842
6-Metric -0.5121 -0.2291 -0.36963
8-Metric -0.5009 -0.2311 -0.36637
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Table3-5: Results for Maniwhitney U test for validation of optimal MMIs of 4, 6, and 8 metrics by
testingfor a significant difference in MMI scores fagten the sites from the upper and lower quintile of
disturbance

Degrees of Degrees of

Mann-Whitney Medlan for Median for freedom for freedom for
MMI o p-value high low .
U Statistic . : high low
disturbance disturbance . .
disturbance disturbance
4-metric 21 <0.001 35.8062 114.7821 13 13
6-metric 12 <0.001 149.6131 233.8040 13 13
8-metric 20 <0.001 160.8817 286.0755 13 13
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Table3-6: Results for final comparison between optimal spatial MMIs within each metric class

performedusing AlCc.

MMI size Model AlCc Cumulative AlICc
class AlCc KAICC | elihood  Weights Weights
6-metric

MM 773.24 0 1 0.66 0.66
4-metric 77466  1.42 0.49 0.32 0.98

MM . . . . .

8-metric

MM 780.03 6.8 0.03 0.02 1
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Table3-7: Results of analysis wériance to detect any significant differenamongspatial MMI scores
by wetland permanence classes.

Source Type llI Degrees Mean FRatio p-Value
sum of of Squares
squares freedom
Permanence 40,468.82 3 13,489.61 3.335 0.024
Class
Error 275,078.89 68 4,045.28
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Table3-8: Resul t s o f-sighificknaifference tesh coraparindyiMI scores ofvetlands by
different permanenceclasses.

Permanence clas: Permanence class Difference p- 95% Confidence
(1) ()] Value Interval
Lower Upper
Temporary Seasonal -45.458 0.063 -92.598 1.682
Temporary Semipermanent -57.786 0.061 -117.438 1.866
Temporary Permanent -53.481 0.151 -119.344 12.381
Seasonal Semipermanent -12.328 0.943  -70.125 45.469
Seasonal Permanat -8.024 0.988 -72.211 56.164
Semipermanent Permanent 4.304 0.999 -69.562 78.171
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Table3-9: Results of a twaample ttest for a difference in MMI scores betweeaaturalregionsor
between sampling years.

t-statistic Degees of freedom p-value
Natural region -0.226 70 0.822
Sampling year 0.415 70 0.680
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4. Conclusion

4.1 Overview

Wetlands in the prairie pothole region of North America provide a number of important
ecosystem servicgBartzenet al, 2010) including but not limited to supporting biodiversity, regulating
weather events through flood mitigation and ground wasgquestration, and the filtration and
removal of pollutants from watefBartzen et al., 2010; Beyersbergatral, 2004) Despite these
benefits, prairie pothole wetlands are often removed from a landscape in favor of expanding agriculture
or industry(Davidson, 2014)and it is only recently that the impact of the loss of these wetlands has

become a management priority.

In the province of Alberta, legislators have moved forward ilicy to protect and restore
wetlands with the aim of retaining the ecosystem services they prd@erernment of Alberta, 2013)
Integral to this polig is the need for assessment and evaluation of wetlands, which includes wetlands
that will be directly impacted by development and those being created to mitigate wetland loss
(Government of Alberta, 2013, 2016Dne of most common tools used in these ecological assessments
is themultimetric index (MMI)(Barbou & Yoder, 200Qwhich uses the response of a biotic community
to disturbance as an indicator of wetland condition. My work addresses the need for monitoring and
assessment tools in Alberta and explores the methods for buildmglametric assessmentThe goals
of my thesis were to 1) construct a floristomposition based MMI comparing the traditional method
of MMI development with an iterative method proposed by van Sickle (2010), and 2) to construct an
MMI using the response of the spatial arrangamhof wetland vegetation communities as an indicator

of disturbance.
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4.2 Research Findings

In Chapter 2 of my thesis, | developed an MMI based on the floristic composition of marshes in
the Parkland and Grassland ecoregions of Alberta, the jurisdiofithe province that is managed as the
“white zone."” I n the process of constructing thi
MMI: the traditional method of using correlation to guide metric selection, and an emerging method
using ran@dm selection to generate a number of potential MMIs and selecting the optimal MMI from
that pool. Using both methods | was able to develop and successfully validate an MMI based on

measurements of floristic community composition, and determined that teetive method produced

a tool that was more strongliyndicativeof agriculturerelated disturbance than the traditional method.

In Chapter 3 of my thesis, | developed an MMI using the spatial arrangement of vegetation
assemblages to indicate disturbanc i n t he “white zone."” The composi
vegetation is affected by disturbance both within and outside the wetland, thus | hypothesized that the
arrangement of wetland vegetation communities could be used as an indicator in anW4ip the
iterative method described in Chapter 2, | successfully developed and validated an MMI using spatial

metrics for vegetation communities.

4.3 Implications and Significance

The successful development of two vegetatimased MMIs will facilita wetland assessment
and monitoring in the Prairie and Parkland regions of Alberta, and directly contributes to the goals of
the Alberta wetland policy. While vegetatidrased MMIs have been developed in Alberta previously,
they were limited to specific @egions or wetlands of a specific hydroperiod. The MMIs developed in
my thesis provide a means to assess the condition of marshes in the white zone with a single tool, as
both the MMIs based on floristic composition and the spatial arrangement of vegetptitches were

developed to be used in the Parkland and Grassland region across a gradient of wetland hydroperiod
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from temporarilyponded to permanenthponded marshes. Importantly, | found that the iterative
method of developing an MMI produced a tobkt betterindicateddisturbance when compared with

the traditional method. Additional benefits of using the iterative method include that the random
metric-selection process removes any subjective biases in metric selection, and that the code used to
conduct metric selection makes the process repeatable. This provides an adaptable method for future

MMI construction, and builds on the methods proposed by van Sickle (2010).

The floristic composition based MMI is a broadly applicable, easy to use tasséss wetland
condition. Since all of the metrics are presence/absence measures, any site assessments only require
richness measures rather than accurate estimates of relative abundance. A potential drawback of this
tool includes the time it takes to pfarm a site assessment, which can vary depending on the
complexity and species richness of the vegetation community. To perform the assessment in the field,
adequate botanical knowledge is required to delineate vegetation community boundaries and identify
species present in sampling quadrats. This necessity presents a moderate barrier, as sampling must be
restricted to periods of time during which vegetation is identifiable (i.e., when flowers or fruit are

evident).

The MMI based on the spatial arra@ment of vegetation patches is applicable across the same
region and wetland types as the floristic composition based MMI, and also requires the delineation of
wetland vegetation patch boundaries. However, the spatial metrics do not require such detailed
botanical knowledge as the metrics based on floristic composition. However, this approach requires a
high-precision GPS unit and GIS software to process the field data. Attempting to implement this tool
remotely based on high resolution imagery would aksguire the development of image classification
techniques capable of accurately delineating vegetation patches. This presents an opportunity for rapid,
reliable assessment of wetlands and reducing the need for intensive field surveys. Ultimately tlee choic

between either MMI depends on the resources available to the practitioner and the requisite accuracy
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of the assessment. Whereas the MMI based on vegetation community composition is more labor

intensive, it is also a slighthetter indicatorof agricultue-related disturbance.

The method of validation differed between the floristic and spatial MMI with the floristic MMI
validated using a leavp-out method, and the spatial MMI validated using a combination of
bootstrapping without replacement and a MatWhitney U test. This was done because the spatial
metrics were shown to havelawer signal to noise ratio than the floristic metrics (Tabi#&)4 This
highlights an important distinction between the spatial and the floristic MMIs. The floristic M&l&h
stronger Rsquared when compared to the disturbance scores than the spatial MMI (Figlire Bhe
higher signal to noise ratio for the floristic MMI shows that the floristic MMI has a higher signal than the
spatial MMI which has more noise obscurthg signal.Both tools were validated and suitable for use,

however the floristic MMI better indicated disturbance than the spatial MMI.

The disturbance scorassed in the creation of both MMIs were derived fréamd-cover data
and modified using assigd values based on field observations. This method of disturbance score
calculations is less quantitative than other methods of creating disturbance scores in this(gegion
Raab & Bayley, 2012; Rooney & Bayley, 2011; Wikaprey, et al., 2013)The land cover data lacks the
resolution to properly identify grazing habitat and the intensity of lasd Aswell, the modifications
made to theextent of nornatural land cover to incorporate field observations of grazing,létk of
riparian buffers, or the presence of pesticid@® noncontinuous and somewhat arbitrary. Despite this,
| was able to successfully validate multiple tools using this disturbance gradient and there was no
discernable difference in disturbanceoses between regionser sampling year (Table?. Given the
nature of the disturbance scores, it is possible thatéher variancein regressions between MMI and
disturbance scores (i.e., the relative I®squared values for both the floristic and salaMMIs) might
reflectinaccuracyn the disturbance scorasither than inthe MMI scores. Since the MMIs are created

using the response of vegetation within the sample wetlands, it is possible that the MMIs are better
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indicatingthe true level ofdisturbanceaffecting a wetlandhan thecoarse measure reflected in the

disturbance scores.

4.4 Future Work

The successful use of the spatial arrangement of vegetation patches as an indicator of
disturbance provides a faster, less fieldwankensive methodf developing an MMI. It also lays the
groundwork for future work in this area that would incorporate remote sensing technology to accurately
distinguish and delineate wetland vegetation communities and identify the dominant species present in
these commaities. The ability to use remote sensing to measure wetland integrity presents the
possibility of rapid, remote assessments that are scientifically valid and reliable. Some challenges exist
before remote sensing can be successfully incorporated intaléwelopment of a spatial MMI. Mainly,
the data collected through remote sensing must undergo gretrathing to establish if remote sensing
can accurately delineate wetland vegetation community boundaries, identify the growth form and
dominant species in @egetation community, and that data aligns with figlchpped vegetation
communities. The spatial MMI has two metrics that are based on wetland ob{igatsspp.
communities. It is important that any remote method be able to distinguish these wetlaingate
species from othe€Carexspecies that could occur in NPPR marshdseseissues would need to be
addressed before a UAV or other remote sensing method could be relied on to calculate these MMI

Scores.

While there is the potential to develop apid assessment tool using remote sensing, this
method could not totally replace fieldased site assessments. | recommend that the floristic MMI is
used to carry out wetland assessments for the purposes of addressing the needs presented by the
Alberta wetand policy and wetland restoration directiy@overnment 6 Alberta, 2013, 2016) This

approach explains more variance in disturbance scdras.a greater signal to noise ratamd provides
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a more finescale measurement of the vegetation community (Figude.4f the resources are available

to develop the MM based on the spatial arrangement of vegetation patches, | would recommend that
both MMIs be used as complementary todB&iven the stronger signal to noise ratio of the floristic MMI,

it is the better option for an assessment tool, though it requirefr@anger taxonomic knowledge and

the sampling period is limited to the flowering period of most wetland vegetation. By comparison, the
spatial MMI, though it has lower signal, could be carried out in a wider timeframe and requires less
taxonomic knowledgéhan the floristic MMI. With this in mind, the mometensive MMI based on

floristic composition could be used to evaluate the baseline and closure condition of a wetland and the
more synoptic MMI based on the spatial arrangement of vegetation patchdd bewsed in the
intervening years as a monitoring tool to gauge the progress of wetland restoration, analogous to the

USEPA level 2 and level 3 assessm@&hS.EPA, 2017)

Both the floristic and spatial MMIs provide further insight into wetland restoration. While
sedges are associated with wetlands in this regtewart & Kantrud, 197 1)he spatial MMI indicates
that low disturbance wetlands have larger patches of wettabtigate Carexspp., while higher
disturbancewetlands have smaller, more dispersed patches of wetalligate Carexspp. This reveals
that successfully restored wetlands should have larger, more aggregated patches of wiilayade
sedges. As well, the presence of a metric associated with thegement ofSalixshrubs suggests that
restoration would be aided by the planting of willows in restored wetlands, such that they yielded
meandering patches of high spatial complexity. Thus, metrics from both MMIs can be used to derive

guidance for wetlad restoration.

Previous work in this region used avian communities as an indicator of wetland disturbance
(Anderson, 2017and an MMI was developed and validated the Parkland region using metrics based
on the avian community. There likely exists a relationship between the spatial arrangement of wetland

vegetation communities and avifauna. For example waterfowl will select wetlands based on the ratio of
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emerger vegetation to open wate(Poiani & Johnson, 2012 he results of the floristic and spatial

MMIs can be used to elucidate the relationship between avian and vegetation communities, both in
terms of the floristic composition and the spatial arranggnt of wetland vegetation communities. An
improved understanding of the relationship between birds and vegetation could also provide guidance

to restoration agents.

As human expansion and development is likely to continue in Alberta, efforts muskére tia
preserve the ecosystem services provided by Alberta wetlands. My work provides reliable, easy to use

tools that can be used to assess wetlands that have been created to replace lost ecosystem services.
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4.5 Figures
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Figured-1: Linear regression of MMI scores with disturbance scofBseMMI based on floristic metrics
had an Rz = 0.3655 when regressed with disturbdopen circles, solid lineand theMMI based on
spatial metrichad an R2 = 0.1353 when regressdth disturbance scoreolid circles, dashed line).
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4.6 Tables

Table4-1: The signal to noise ratio for the spatial and floristic calculated by taking the ratio of the
predicted mean over the standard deviation of theiduals for both tools.

MMI Signal/Noisdratio
Spatial 1.48
Floristic 3.02
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Appendices
Appendix2.1. DisturbanceScoreCalculation from Anderson (2017).

MMI development requires an objective bafis ranking wetlands. For my study region, there
were no existing quantitative or qualitative tools to rank wetlands from the least to most disturbed
condition. | created a qualitative disturbance index that used the extent ofnadaral land cover
around each wetland as the basis for determining wetland condition. | determined that the extent of
non-natural disturbance within a 500 m buffer did not adequately characterize thenatural
disturbance at a site, as within wetland disturbances also infleeneetland condition, but were not
evident from surrounding land cover. To represent within wetland-natural disturbances, | included
modifiers in my index to build upon the disturbances characterized in the 500 m buffer around each
wetland. The withinvetland disturbance modifiers that | included were the presence of cattle
disturbance, soil pesticides, and within wetland agricultural activity. The modifiers | included in my
disturbance index were common categories used in existing qualitative, reggdsament tools

(Fenness¥t al,, 2007; Mack, 2007)

The disturbance scores are based on the %-matural land cover witm a 500 m buffer, for
example, if a site had 38 % noatural cover within the buffer, the wetland was assigned 38 points.
Additional modifiers are then applied that may raise the score of the site. If cattle disturbance was
detected within the delineatedvetland boundary, it was determined to be either low or high intensity
based on technician field notes and assigned points accordingly, +0 for no grazing, +25 points for low
intensity or +50 points for high grazing intensity. Sediment samples that ttewllan August were
analyzed for a comprehensive list of pesticides by Dr. Claudia Sheedy at the Lethbridge Agriculture and
AgriFood Canada pesticide lab (see below). For my index, | added 50 points if any pesticides were
detected in the sediment; howevel excluded legacy pesticide compounds that may reflect historic land

use that no longer influences wetland vegetation. Thus, | excluded anyegistered or delisted
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pesticideghat were detected in wetland sedimenieor the last modifier, if any agritural activity was

evident within the delineated wetland boundarnyadded50 points to the disturbance score. The total

possible disturbance index score vihas 250 points(100% surrounding agriculture + 50 points for

evidence of high intensity grazirg50 points for the presence of pesticides in wetland sediment + 50

points for having agricultural activities take place within the wetland boundary). Thigher

disturbancescores representing sites with higher levels of maural disturbance.

Exampé calculation:

Site 117
Disturbance Index Scoring Criteria Site Information
Percent nomnatural land cover in 500 m buffer around wetlar 91 %
Cattle disturbance None
Sediment pesticides Present
Buffer: Agricultural activity within wettal Absent

Disturbance score: 141

Score

91

50

141

List of msticide compoundshat were analyzed for in wetland sediment samples. Only registered

pesticides included.

2,4-Dichlorophenoxyacetic acid Fenoxaprop
2,4-Dichlorophenol Fluroxypyr
Azoxystrobin Imazamethabenz
Bentazon Iprodione

Bromoxynil MCPA (2nethyl4-chlorophenoxyacetic acid)
Boscal Propiconazole
Chlorothalonil Propoxur

Chlorpyrifos ProthioconazoleDesthio
Clopyralid Quizalofopethyl
Diazinon Tebuconazole

Diclofop Triallate
Difenoconazole Trifluralin

Ethalfluralin Triticonazole
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Appendix 22 Site characteristics used to calculate disturbance scqeassdescribed in Appendix

21), final disturbance scores used in MMI devel opt

(2017).

Site ID Non- Grazing Sediment Buffer Disturbance Validation
natural Intensity (O Pesticides  (Agriculture in Score Dataset
Cover (%) none, :Low, (without wetland O-buffer,

2-High) legacies) 1-no buffer)

98 0 1 0 1 75

101 0 2 1 1 150

109 86 2 1 1 236

110 22 2 1 1 172

115 97 1 1 1 222

117 91 0 1 0 141

124 0 1 1 1 125 X

131 0 2 1 1 150

133 14 1 0 1 89

135 29 1 1 1 154

142 0 1 1 1 125

145 95 1 0 1 170

149 86 0 1 1 186

152 5 1 1 1 130

153 5 0 1 0 55

158 0 1 0 1 75

165 0 2 0 1 100

173 69 1 0 1 144 X

184 100 0 1 1 200

186 0 2 1 1 150

188 73 0 1 1 173

202 23 1 0 1 98

203 100 2 0 1 200 X

308 69 1 0 1 144

312 95 0 0 1 145 X
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Site ID Non Grazing Sediment Buffer Disturbance Validation

natural Intensity (O Pesticides  (Agriculture in Score Dataset
Cover (%) none, XLow, (without wetland O-buffer,
2-High) legacies) 1-no buffer)

336 0 1 0 1 75

338 27 1 0 1 102

345 78 1 0 1 153

346 41 1 1 1 166

360 66 2 1 1 216

366 43 0 0 1 93

375 3 2 1 1 153

379 4 2 1 1 154

384 88 1 0 1 163

388 3 1 1 1 128

KIN 10 1 1 1 135

10 79 2 1 1 229

13 44 2 0 1 144

18 82 0 1 1 182

25 80 0 1 1 180

30 96 0 1 1 196

31 62 0 0 1 112 X
32 13 1 0 1 88

35 45 2 1 1 195

56 98 0 1 1 195 X
67 27 0 1 0 77 X
89 94 0 1 1 194 X
90 100 0 0 1 150 X
182 99 0 1 1 199

187 76 0 1 1 176

190 92 0 1 0 142 X
194 36 1 1 1 161
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Site ID Non- Grazing Sediment Buffer Disturbance Validation
natural Intensity (O Pesticides  (Agriculture in Score Dataset
Cover (%) none, XLow, (without wetland O-buffer,
2-High) legacies) 1-no buffer)
195 8 2 0 1 108
200 46 0 1 0 96
301 85 0 1 1 185
317 57 2 0 1 157
321 93 2 1 1 243
333 13 1 0 1 88
344 81 0 0 0 81
351 71 0 1 0 121 X
365 26 0 0 0 26
368 13 2 0 1 113 X
377 71 0 1 0 121
395 29 0 0 0 29
396 29 0 0 0 29 X
398 65 0 0 0 65
BATL 5 0 1 0 55 X
GAD 19 0 0 0 19
JJCOLL 15 0 0 0 15 X
MIQ 3 0 0 0 3
RUM 0 1 0 1 75
TOL 8 1 1 1 133 X
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Appendix2.3 Blank field sampling sheet with BradBlanquet cover classe8o Cover classes
include: <0.01, 0.00.25, 0.251, 1-2.5, 2.55, 57.5, 7.510, 1015, 1525, 2533, 3350, 5066,
66-75, 75100%.

Vegetation % cover data sheet 2014

Site: Personnel: Date:
Polygon name: Polygon Area: m:
Species hame Coll # Q#: Q#: Q#: Q#: Q#:
GPS: GPS: GPS: GPS: GPS:
Robel: Robel: Robel: Robel: Robel:
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Appendix2.4 Plant traits

Table A. Plant traits and their sources as determined by Adam Kraft.

Parameter Explanation Source

Code Unique 8character code, comprising (in most cases) the first ITIS, 2016
letters of the genus and the first 5 letters of the specific epithe

Genus Generic ranking ITIS2016

Specific Epithet Specific ranking ITIS, 2016

Family Familial ranking ITIS, 2016

Group Broad taxonomic ranking of a plant. SV = seedless vascular; ITIS, 2016
monocot; E = eudicot

GL 2014 If the plant wasfoundin 2014 in the Grassland Natufégion  Field Observations

PL 2014 If the plant was foundh 2014 in the Parkland Natural Region Field Observations

GL 2015 If the plant wasfoundin 2015 in the Grassland Natural Region Field Observations

PL 2015 If the plant wasfoundin 2015 in the P&land Natural Region  Field Observations

Native Status ~ Whether a plant is indigenous to Alberta. N = native; | = Moss & Packer, 1983
introduced

Exotic? Whether a plant has been identified as being exotic to Albert: ACIMS, 2015
according to the ACIMS; E = exphic: native

S Rank Subnational level NatureServe ranking; applicable to species ACIMS, 2015
only

G Rank Globallevel NatureServe ranking; applicable to species only ACIMS, 2015

Watched Whether a plant is currently watched or tracked by theeth ~ Government of Alberta, 2015
Conservation Information Management System (ACIMS)

Rare Whether a plant has been identified as being rare in Alberta; Kershawet al, 2001
rare

Weed Whether a plant has been identified as a weed in the Canadii Bubaret al, 2000
Prairie Provinces; W weed

Noxious Whether a plant is on the Noxious Weeds list in Alberta, as AWRAC, 2014

determined by the Alberta Weed Reguay Advisory Council
(AWRAC); N = noxious
CC Score (GL) Coefficient of Conservatism scdiar the Grassland ecoregion  Forrest, 2010; NGPFQA, 2001
(0-10). Exotic plants (according 8CIM$ were assigned score Pipp, 2015
of 0. Scores werfirst assigned according to Pipp 2015, hay
Forrest 2010, then by NGPFQAP 2001.
CC Score (PL) Coefficient of Conservatism scdia the Parkland eaegion(0-  Forrest, 2010NGPFQA, 2001;
10).Exotic plants (according t8CIM$ were assignead score of Pipp, 2015
0. Scores were first assigned according to Forrest 2010, then
Pipp 2015, then by NGPFQAP 2001.
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Parameter Explanation Source

Sensitiviy/ Whether a plant is sensitive to disturbance (GID%or tolerant Andreaset al, 2004
Tolerance (GL) (CC &) according to its regional CC score

Sensitivity/ Whether a plant is sensitive to disturbance (CTOpor tolerant Andreas et al., 2004
Tolerance (PL) (CC ) according to its regional CC score

Lifecycle Lifecycle strategy of a plant. P = perennial; B = biennial; A= Moss & Packer, 1983

Wetland Status
Habit

Form

Vegetative
Reproduction
NitrogenFixing

Recalcitrant
Litter
Dispersal
Mechanism

annual

Wetland plant indicator status, determined by the United Stat U.S.DA, 2017
Department of Agricultre for the Great Plains Region

Growth form of a plant. T = tree; S = shrub; F = herbaceous f Moss & Packer, 1983
V = vinelike forb; G = graminoid; A = aquatic

Wetland vegetation form, sensu Ontario Wetland Evaluation Ontario Ministry of Natural
System (OWES); H = hardwood trees; TS = tallslifim); LS Resources, 2013

= low shrubs (<1m); GC = groundcover/fanergent forbs; NE

= narrowleaved emergent graminoids; RE = robust emergent

graminoids; BE = broddaved emergent forbs; F = floating

leaved plants; FF = frdating plants; SU = submerged plants

Whether the plant is able to reproduce by vegetative means. Moss & Packer, 1983
rhizomes; S = stolons or trailing/rootingsts; T = turions

Whether a plant is capable of nitrogen fixation Moss & Packer, 1983

Whether plant litter is slow to decompose U.S.EPA, 2002b

The main means of propagule dispersal; A = anemochory (wi Sculthorpe, 1967,
H = hydrochory (water); Z = zoochory (animal) U.S.DA, 2017a
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Table B: Plant species and their taxonomy, regional detection and status. Note that GL stands for Grassland and PL sadiddiod.

ACIMS is the Alberta Conservation Informationaagement System maintained by Alberta Environment and Parks.

Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
ACHALPIN Achillea alpina Asteraceae E 1 N N
ACHMILLE Achillea millefolium Asteraceae E 1 1 1 1 N N
ACOCALAM  Acorus calamus Acoraceae M 1 1 N N
AGRCRIST Agropyron cristatum Poaceae M 1 | E
AGRGIGAN  Agrostis gigantea Poaceae M 1 I E
AGRSCABR Agrostis scabra Poaceae M 1 1 1 1 N N
AGRSTRIA Agrimonia striata Rosaceae E 1 1 N N
ALITRIVI Alisma triviale Alismataceae M 1 1 1 1 N N
ALOAEQUA  Alopecurus aequalis Poaceae M 1 1 1 1 N N
ALOPRATE  Alopecurus pratensis Poaceae M I E
AMARETRO Amaranthus retroflexus Amaranthaceae E 1 1 I E
AMEALNIF Amelanchier alnifolia Rosaceae E N N
ANAMINIM Anagalilis minima Primulaceae E 1 N N
ANECANAD Anemone canadensis Ranunculaceae E 1 1 N N
ANTPARVI Antennaria parvifolia Asteraceae E 1 N N
ARNCHAMI  Arnica chamissonis Asteraceae E 1 N N
ARTBIENN Artemisia biennis Asteraceae E 1 1 1 1 N N
ARTCAMPE Artemisia campestris Asteraceae E 1 N N
ARTLONGI Artemisia longifolia Asteraceae E 1 1 1 N N
ARTLUDOV  Artemisia ludoviciana Asteraceae E 1 1 1 N N
ATRPROST  Atriplex prostrata Amaranthaceae E 1 1 I E
AVEFATUA  Avena fatua Poaceae M 1 | E
BECSYZIG Beckmannia syzigachne Poaceae M 1 1 N N
BIDCERNU Bidens cernua Asteraceae E 1 N N
BOLMARIT Bolboschoenus maritimus Cyperaceae M N N
BRANAPUS Brassica napus Brassicaceae E 1 I E
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
BROINERM  Bromus inermis Poaceae M 1 1 1 N E
CALCANAD Calamagrostis canadensis Poaceae M 1 1 1 N N
CALIPALU Callitriche palustris Plantaginaceae E 1 1 N N
CALLPALU Calla palustris Araceae M 1 N N
CALSTRIC Calamagrostis stricta Poaceae M 1 1 1 1 N N
CALTPALU Caltha palustris Ranunculaceae E 1 N N
CAPBURSA Capsella bursa-pastoris Brassicaceae E 1 1 I E
CARAQUAT Carex aquatilis Cyperaceae M 1 1 N N
CARATHER  Carex atherodes Cyperaceae M 1 1 1 1 N N
CARATHRO Carex athrostachya Cyperaceae M 1 1 N N
CARBEBBI Carex bebbii Cyperaceae M 1 1 1 N N
CARBREVI Carex brevior Cyperaceae M 1 N N
CARCARVI Carum carvi Apiaceae E 1 I E
CARDIAND Carex diandra Cyperaceae M N N
CARLACUS  Carex lacustris Cyperaceae M 1 N N
CARPELLI Carex pellita Cyperaceae M 1 1 1 1 N N
CARPRAEG Carex praegracilis Cyperaceae M 1 1 N N
CARPRATI Carex praticola Cyperaceae M N N
CARRETRO Carex retrorsa Cyperaceae M 1 N N
CARSARTW Carex sartwellii Cyperaceae M N N
CARSYCHN  Carex sychnocephala Cyperaceae M 1 N N
CARUTRIC Carex utriculata Cyperaceae M 1 1 1 N N
CERARVEN  Cerastium arvense Caryophyllaceae E 1 N N
CHAANGUS Chamerion angustifolium Onagraceae E 1 N N
CHEALBUM  Chenopodium album Amaranthaceae E 1 1 1 1 I E
CHECAPIT Chenopodium capitatum Amaranthaceae E 1 1 N N
CHERUBRU Chenopodium rubrum Amaranthaceae E 1 N N
CICMACUL  Cicuta maculata Apiaceae E 1 1 N N
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
CIRARVEN Cirsium arvense Asteraceae E 1 1 1 1 I E
CIRVULGA Cirsium vulgare Asteraceae E 1 1 I E
COLLINEA Collomia linearis Polemoniaceae E 1 1 N N
COMPALUS Comarum palustre Rosaceae E 1 N N
CORSERIC  Cornus sericea Cornaceae E 1 N N
CRETECTO Crepis tectorum Asteraceae E 1 1 | E
DESCESPI Deschampsia cespitosa Poaceae M 1 1 1 N N
DESSOPHI Descurainia sophia Brassicaceae E 1 1 I E
ECHCRUSG Echinochloa crus-galli Poaceae M 1 1 1 I E
ELACOMMU Elaeagnus commutata Elaeagnaceae E N N
ELEACICU Eleocharis acicularis Cyperaceae M 1 1 1 1 N N
ELEPALUS Eleocharis palustris Cyperaceae M 1 1 1 1 N N
ELYREPEN Elymus repens Poaceae M 1 1 I E
ELYTRACH  Elymus trachycaulus Poaceae M 1 1 1 1 N N
EPICAMPE Epilobium campestre Onagraceae E 1 N N
EPICILIA Epilobium ciliatum Onagraceae E 1 1 1 N N
EPILEPTO Epilobium leptophyllum Onagraceae E 1 N N
EPIPALUS Epilobium palustre Onagraceae E 1 1 1 N N
EQUARVEN Equisetum arvense Equisetaceae SV 1 1 1 N N
EQUFLUVI Equisetum fluviatile Equisetaceae SV 1 N N
EQUHYMAL Equisetum hyemale Equisetaceae SV 1 N N
EQUPALUS  Equisetum palustre Equisetaceae SV N N
EQUPRATE Equisetum pratense Equisetaceae SV 1 1 1 N N
ERIGRACI Eriophorum gracile Cyperaceae M N N
ERILONCH Erigeron lonchophyllus Asteraceae E 1 N N
ERIPHILA Erigeron philadelphicus Asteraceae E 1 N N
ERUGALLI Erucastrum gallicum Brassicaceae E 1 I E
ERYCHEIR Erysimum cheiranthoides Brassicaceae E 1 1 1 N N
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
EURCONSP  Eurybia conspicua Asteraceae E 1 N N
FAGESCUL Fagopyrum esculentum Polygonaceae E 1 I E
FALCONVO Fallopia convolvulus Polygonaceae E 1 1 I E
FALSCAND Fallopia scandens Polygonaceae E I E
FESSAXIM Festuca saximontana Poaceae M 1 N N
FRAVESCA  Fragaria vesca Rosaceae E 1 1 N N
FRAVIRGI Fragaria virginiana Rosaceae E 1 1 N N
GALTETRA  Galeopsis tetrahit Lamiaceae E 1 1 I E
GALTRIFI Galium trifidum Rubiaceae E 1 1 1 N N
GALTRIFL Galium triflorum Rubiaceae E 1 1 N N
GEUALEPP  Geum aleppicum Rosaceae E 1 1 1 N N
GEUMACRO Geum macrophyllum Rosaceae E 1 1 N N
GEURIVAL Geum rivale Rosaceae E 1 N N
GLYBOREA Glyceria borealis Poaceae M 1 N N
GLYGRAND  Glyceria grandis Poaceae M 1 1 1 N N
GLYSTRIA Glyceria striata Poaceae M 1 N N
GRANEGLE Gratiola neglecta Plantaginaceae E N N
GRISQUAR  Grindelia squarrosa Asteraceae E 1 1 N N
HIEUMBAL Hieracium umbellatum Asteraceae E 1 N N
HIPVULGA Hippuris vulgaris Plantaginaceae E 1 1 N N
HORJUBAT  Hordeum jubatum Poaceae M 1 1 1 N N
HORVULGA Hordeum vulgare Poaceae M 1 I E
JUNBALTI Juncus balticus Juncaceae M 1 1 1 N N
JUNLONGI Juncus longistylus Juncaceae M 1 N N
JUNNODOS Juncus nodosus Juncaceae M 1 1 N N
JUNVASEY  Juncus vaseyi Juncaceae M 1 N N
KRALANAT  Krascheninnikovia  lanata Amaranthaceae E N N
LACSERRI Lactuca serriola Asteraceae E I E
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
LATOCHRO Lathyrus othroleucus Fabaceae E 1 N N
LEMMINOR Lemna minor Araceae M 1 1 1 N N
LEMTRISU Lemna trisulca Araceae M N N
LINUSITA Linum usitatissimum Linaceae E 1 I E
LYCASPER  Lycopus asper Lamiaceae E 1 1 N N
LYSCILIA Lysimachia ciliata Primulaceae E N N
LYSMARIT Lysimachia maritima Primulaceae E 1 N N
LYSTHYRS  Lysimachia thyrsiflora Primulaceae E 1 1 N N
MAISTELL Maianthemum stellatum Asparagaceae M 1 1 N N
MALNEGLE Malva neglecta Malvaceae E 1 I E
MEDSATIV Medicago sativa Fabaceae E 1 I E
MELALBUS  Melilotus albus Fabaceae E 1 1 I E
MENARVEN Mentha arvensis Lamiaceae E 1 1 1 1 N N
MONNUTTA Monolepis nuttalliana Amaranthaceae E N N
MUHRICHA  Muhlenbergia richardsonis Poaceae M 1 N N
MULOBLON  Mulgedium oblongifolium Asteraceae E N N
PENPROCE Penstemon procerus Plantaginaceae E 1 N N
PERAMPHI Persicaria amphibia Polygonaceae E 1 1 1 1 N N
PERLAPAT  Persicaria lapathifolia Polygonaceae E 1 1 1 1 I N
PETFRIGI Petasites frigidus Asteraceae E 1 1 N N
PHAARUND  Phalaris arundinacea Poaceae M 1 1 1 N N
PHLPRATE  Phleum pratense Poaceae M 1 1 I E
PLAHYPER  Platanthera hyperborea Orchidaceae M 1 N N
PLAMAJOR  Plantago major Plantaginaceae E 1 1 1 I E
PLASCOUL  Plagiobothrys scouleri Boraginaceae E 1 1 1 1 N N
POAPALUS Poa palustris Poaceae M 1 1 1 1 N N
POAPRATE Poa pratensis Poaceae M 1 1 1 N N
POLAVICU Polygonum aviculare Polygonaceae E 1 1 I E
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
POLRAMOS Polygonum ramosissimum Polygonaceae E 1 N N
POPBALSA  Populus balsamifera Salicaceae E N N
POPTREMU  Populus tremuloides Salicaceae E N N
POTANSER Potentilla anserina Rosaceae E 1 1 N N
POTGRAMI  Potamogeton gramineus Potamogetonaceae M 1 N N
POTNORVE Potentilla norvegica Rosaceae E 1 1 1 1 N N
POTRICHA Potamogeton richardsonii Potamogetonaceae M 1 1 N N
POTRIVAL Potentilla rivalis Rosaceae E 1 N N
PYRASARI Pyrola asarifolia Pyrolaceae E N N
RANAQUAT  Ranunculus aquatilis Ranunculaceae E 1 N N
RANCYMBA Ranunculus cymbalaria Ranunculaceae E 1 1 N N
RANGMELI Ranunculus gmelinii Ranunculaceae E 1 1 1 1 N N
RANMACOU Ranunculus macounii Ranunculaceae E 1 N N
RANSCELE Ranunculus sceleratus Ranunculaceae E 1 1 1 N N
RIBLACUS Ribes lacustre Grossulariaceae E 1 N N
RIBOXYAC Ribes oxyacanthoides  Grossulariaceae E 1 N N
RORPALUS Rorippa palustris Brassicaceae E 1 1 1 1 N N
ROSACICU Rosa acicularis Rosaceae E 1 1 1 1 N N
RUBPUBES Rubus pubescens Rosaceae E 1 N N
RUBSACHA  Rubus sachalinensis Rosaceae E 1 N N
RUMBRITA  Rumex britannica Polygonaceae E 1 N N
RUMCRISP  Rumex crispus Polygonaceae E 1 1 1 I E
RUMFUEGI  Rumex fueginus Polygonaceae E 1 1 1 N N
RUMOCCID Rumex occidentalis Polygonaceae E 1 1 1 N N
RUMSALIC Rumex salicifolius Polygonaceae E 1 1 N N
SAGCUNEA Sagittaria Cuneata Alismataceae M 1 1 N N
SALBEBBI Salix bebbiana Salicaceae E N N
SALDISCO Salix discolor Salicaceae E 1 N N
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
SALEXIGU Salix exigua Salicaceae E 1 1 N N
SALLASIA Salix lasiandra Salicaceae E 1 1 1 1 N N
SALLUCID Salix lucida Salicaceae E 1 N N
SALMACCA  Salix maccalliana Salicaceae E N N
SALPETIO Salix petiolaris Salicaceae E N N
SALPLANI Salix planifolia Salicaceae E 1 1 N N
SALPSEUD  Salix pseudomonticola Salicaceae E 1 N N
SALPYRIF Salix pyrifolia Salicaceae E N N
SALRUBRA  Salicornia rubra Amaranthaceae E 1 N N
SALSERIS Salix serissima Salicaceae E 1 1 N N
SCHACUTU  Schoenoplectus acutus Cyperaceae M 1 1 N N
SCHPUNGE Schoenoplectus pungens Cyperaceae M 1 1 N N
SCHTABER  Schoenoplectus tabernaemontani Cyperaceae M 1 1 1 1 N N
SCIMICRO Scirpus microcarpus Cyperaceae M 1 N N
SCOFESTU  Scolochloa festucacea Poaceae M 1 1 1 N N
SCUGALER  Scutellaria galericulata Lamiaceae E 1 1 N N
SENVULGA  Senecio vulgaris Asteraceae E 1 I E
SISMONTA  Sisyrinchium montanum Iridaceae M N N
SIUSUAVE Sium suave Apiaceae E 1 1 1 1 N N
SOLALTIS Solidago altissima Asteraceae E 1 1 N N
SONARVEN  Sonchus arvensis Asteraceae E 1 1 1 I E
SONASPER  Sonchus asper Asteraceae E 1 1 | E
SONOLERA  Sonchus oleraceus Asteraceae E 1 I E
SPAANGUS  Sparganium angustifolium Typhaceae M N N
SPAEURYC  Sparganium eurycarpum Typhaceae M N N
SPESALIN Spergularia salina Caryophyllaceae E 1 N N
SPHINTER Sphenopholis intermedia Poaceae M N N
SPOCRYPT  Sporobolus cryptandrus Poaceae M N N
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Taxonomy Detection Status
Code Genus Specific Epithet  Family Group SOLl 4 glo_l 4 %‘15 5315 gg xz E\)C(:?lt\l/lcs
STAPILOS Stachys pilosa Lamiaceae E 1 1 1 1 N N
STELONGI Stellaria longifolia Caryophyllaceae E 1 N N
STEMEDIA Stellaria media Caryophyllaceae E I E
SUACALCE Suaeda calceoliformis Amaranthaceae E 1 N N
SYMBOREA  Symphyotrichum boreale Asteraceae E 1 1 N N
SYMERICO  Symphyotrichum ericoides Asteraceae E 1 N N
SYMLANCE  Symphyotrichum lanceolatum Asteraceae E 1 1 1 1 N N
SYMOCCID  Symphoricarpos occidentalis Caprifoliaceae E 1 1 1 N N
SYMPUNIC  Symphyotrichum puniceum Asteraceae E 1 N N
TANVULGA  Tanacetum vulgare Asteraceae E | E
TAROFFIC Taraxacum officinale Asteraceae E 1 1 1 1 I E
TEPPALUS  Tephroseris palustris Asteraceae E 1 N N
THLARVEN  Thlaspi arvense Brassicaceae E 1 1 1 1 I E
TRADUBIU Tragopogon dubius Asteraceae E 1 I E
TRIHYBRI Trifolium hybridum Fabaceae E 1 1 I E
TRIMARIT Triglochin maritima Juncaginaceae M 1 N N
TYPLATIF Typha latifolia Typhaceae M 1 1 1 N N
URTDIOCA  Urtica dioica Urticaceae E 1 1 N N
UTRVULGA  Utricularia vulgaris Lentibulariaceae E 1 N N
VERPEREG Veronica peregrina Plantaginaceae E 1 N N
VERSCUTE Veronica scutellata Plantaginaceae E 1 1 1 N N
VICAMERI Vicia americana Fabaceae E 1 N N
VIOADUNC  Viola adunca Violaceae E 1 N N
VIOCANAD Viola canadensis Violaceae E N N
VIOSOROR  Viola sororia Violaceae E 1 N N
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Table C: Plants species and their endemism and conservation traits

Grassland Parkland Sensitivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
ACHALPIN S5 G5? - - - - ND 3

ACHMILLE S5 G5 - - - - 5 5

ACOCALAM  S3 G5 - - - - ND 8 S
AGRCRIST SNA GNR - - - - 0 ND T

AGRGIGAN  SNA GNR - - - - ND 0 T
AGRSCABR S5 G5 - - - - 2 2 T T
AGRSTRIA S4 G5 - - - - ND 5

ALITRIVI S5? G5 - - - - 6 4 S

ALOAEQUA S5 G5 - - - - 4 4

ALOPRATE SNA GNR - - - - ND 0 T
AMARETRO SNA GNR - - W - 0 ND T

AMEALNIF S5 G5 - - - - ND 3

ANAMINIM S2S3 G5 T R - - 6 ND S

ANECANAD S5 G5 - - - - 4 ND

ANTPARVI S5 G5 - - - - ND 4

ARNCHAMI S5 G5 - - - - 5 ND

ARTBIENN S5 G5 - - - - 2 2 T T
ARTCAMPE S5 G5 - - - - 2 ND T

ARTLONGI S3 G5 - - - - 7 7 S S
ARTLUDOV S5 G5 - - - - 3 3

ATRPROST SNA G5 - - - - 0 ND T

AVEFATUA  SNA GNR - - W - 0 ND T

BECSYZIG S5 G5 - - - - 4 2 T
BIDCERNU S5 G5 - - - - 4 4

BOLMARIT S4 G5 - - - - ND 6 S
BRANAPUS SNA GNR - - W - 0 ND T

BROINERM  SNA GNR - - - - 0 0 T T
CALCANAD S5 G5 - - - - 5 3
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Grassland Parkland Sensitivity/Tolerance Sensitivity/Toleance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
CALIPALU S5 G5 - - - - 6 4 S

CALLPALU S4S5 G5 - - - - ND 7 S
CALSTRIC S5 G5T5 - - - - 6 4 S

CALTPALU S5 G5 - - - - ND 6 S
CAPBURSA SNA GNR - - W - 0 0 T T
CARAQUAT S5 G5 - - - - 5 4

CARATHER S5 G5 - - - - 5 5

CARATHRO S4 G5 - - - - 4 4

CARBEBBI S5 G5 - - - - 7 3 S

CARBREVI  S3 G5? - - - - 4 ND

CARCARVI SNA GNR - - W - ND 0 T
CARDIAND S5 G5 - - - - ND 5

CARLACUS &4 G5 - - - - ND 7 S
CARPELLI S5 G5 - - - - 4 5

CARPRAEG S5 G5 - - - - 4 4

CARPRATI S5 G5 - - - - ND 6 S
CARRETRO &4 G5 - R - - 7 ND S

CARSARTW S4 G4G5 - - - - ND 5

CARSYCHN S5? G4 - - - - ND 5

CARUTRIC S5 G5 - - - - 3 5

CERARVEN S5 G5 - - - - ND 3

CHAANGUS S5 G5 - - - - ND 1 T
CHEALBUM  SNA G5 - - W - 0 0 T T
CHECAPIT S5 G5 - - - - 1 1 T T
CHERUBRU S4 G5 - - - - ND 4

CICMACUL S5 G5 - - W - ND 4

CIRARVEN SNA GNR - - W N 0 0 T T
CIRVULGA  SNA GNR - - W - 0 ND T

COLLINEA S5 G5 - - - - 3 ND
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Grassland Parkland Sendivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
COMPALUS S5 G5 - - - - ND 7 S
CORSERIC S5 G5 - - - - ND 3

CRETECTO SNA GNR - - W - 0 0 T T
DESCESPI S5 G5 - - - - 7 4 S

DESSOPHI SNA GNR - - W - 0 0 T T
ECHCRUSG SNA GNR - - W - 0 0 T T
ELACOMMU S5 G5 - - - - ND 5

ELEACICU S5 G5 - - - - 4 4

ELEPALUS S5 G5 - - - - 4 4

ELYREPEN  SNA GNR - - - - ND 0 T
ELYTRACH S5 G5 - - - - 5 2 T
EPICAMPE  S3 G5 T R - - 10 ND S

EPICILIA S5 G5 - - - - 3 2 T
EPILEPTO S3 G5 - - - - 6 ND S

EPIPALUS S4 G5 - - - - 7 3 S

EQUARVEN S5 G5 - - W - 2 1 T T
EQUFLUVI S5 G5 - - - - ND 5

EQUHYMAL S5 G5T5 - - - - 3 ND

EQUPALUS S5 G5 - - - - ND 5

EQUPRATE S5 G5 - - - - 6 5 S

ERIGRACI S4 G5 - - - - ND 7 S
ERILONCH S5 G5 - - - - 4 ND

ERIPHILA S5 G5 - - - - ND 2 T
ERUGALLI SNA GNR - - - - 0 ND T

ERYCHEIR S5 G5 - - - - 0 0 T T
EURCONSP S5 G5 - - - - ND 4

FAGESCUL SNA GNR - - - - 0 0 T T
FALCONVO SNA GNR - - W - 0 0 T T
FALSCAND SNA GNR - - - - 0 0 T T
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Grassland Parkland Sensitivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxbus Region CC Region CC (GL) (PL)
FESSAXIM S5 G5 - - - - ND 8 S
FRAVESCA S4 G5 - - - - ND 4

FRAVIRGI S5 G5 - - - - ND 1 T
GALTETRA  SNA GNR - - W - ND 0 T
GALTRIFI S5 G5 - - - - 6 4 S

GALTRIFL S5 G5 - - - - ND 3

GEUALEPP S5 G5 - - - - 6 3 S

GEUMACRO S5 G5 - - - - ND 6 S
GEURIVAL S5 G5 - - - - ND 6 S
GLYBOREA $4 G5 - - - - 6 ND S

GLYGRAND S5 G5 - - - - 7 4 S

GLYSTRIA S5? G5 - - - - ND 4

GRANEGLE S3 G5 T R - - ND 4

GRISQUAR  S4S5 G5 - - W - 2 ND T

HIEUMBAL S5 G5 - - - - ND 2 T
HIPVULGA S5 G5 - - - - 6 ND S

HORJUBAT S5 G5 - - W - 2 1 T T
HORVULGA SNA GNR - - W - 0 0 T T
JUNBALTI S5 G5 - - - - 3 3

JUNLONGI S4 G5 - - - - ND 5

JUNNODOS S5 G5 - - - - ND 4

JUNVASEY S4 G5? - - - - ND 5

KRALANAT S5 G5 - - - - 8 ND S

LACSERRI SNA GNR - - W - 0 ND T

LATOCHRO S5 G5 - - - - ND 8 S
LEMMINOR  missing missing - - - - 2 4 T

LEMTRISU S5? G5 - - - - ND 4

LINUSITA SNA GNR - - W - 0 ND T

LYCASPER S3 G5 - - - - ND 4
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Grassland Parkland Sensitivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
LYSCILIA S4 G5 - - - - ND 7 S
LYSMARIT S4 G5 - - - - ND 6 S
LYSTHYRS S4 G5 - - - - 8 6 S S
MAISTELL S5 G5 - - - - 4 5

MALNEGLE SNA GNR - - W - 0 ND T

MEDSATIV SNA GNR - - - - 0 0 T T
MELALBUS  SNA G5 - - - - 0 0 T T
MENARVEN S5 G5 - - - - 3 4

MONNUTTA S5 G5 - - - - ND 1 T
MUHRICHA S5 G5 - - - - 4 ND

MULOBLON S5 G5T5 - - - - ND 4

PENPROCE S5 G5 - - - - 5 ND

PERAMPHI S5 G5 - - W - 6 2 S T
PERLAPAT S5 G5 - - W - 2 2 T T
PETFRIGI S5 G5 - - - - ND 2 T
PHAARUND S5 G5 - - - - 0 0 T T
PHLPRATE SNA GNR - - - - 0 0 T T
PLAHYPER S5 G5 - - - - ND 5

PLAMAJOR  SNA GNR - - W - 0 0 T T
PLASCOUL S3 G5 - - - - 2 2 T T
POAPALUS S5 G5 - - - - 3 3

POAPRATE S5 G5 - - - - 0 0 T T
POLAVICU SNA GNR - - W - 0 0 T T
POLRAMOS S3 G5 - - - - 3 ND

POPBALSA S5 G5 - - - - ND 5

POPTREMU S5 G5 - - - - ND 5

POTANSER S5 G5 - - - - 3 3

POTGRAMI  S4 G5 - - - - 6 ND S

POTNORVE S5 G5 - - W - 2 2 T T
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Grassland Parkland Sensitivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
POTRICHA S5 G5 - - - - 6 ND S

POTRIVAL S4 G5 - - - - 4 4

PYRASARI S5 G5 - - - - ND 6 S
RANAQUAT S5 G5 - - - - 4 5

RANCYMBA S5 G5 - - - - 3 4

RANGMELI S5 G5 - - - - 4 4

RANMACOU S5 G5 - - - - ND 5

RANSCELE S5 G5 - - - - 4 3

RIBLACUS S5 G5 - - - - ND 6 S
RIBOXYAC S5 G5 - - - - ND 3

RORPALUS S5 G5 - - - - 4 4

ROSACICU S5 G5 - - w - 3 3

RUBPUBES S5 G5 - - - - ND 5

RUBSACHA S5 G5 - - - - ND 1 T
RUMBRITA S3 G5 - - - - 4 ND

RUMCRISP  SNA GNR - - - - 0 0 T T
RUMFUEGI S5 G5 - - - - 6 2 S T
RUMOCCID S5 G5T5 - - - - 4 4

RUMSALIC S5 G5 - - - - 7 ND S

SAGCUNEA S5 G5 - - - - 7 5 S

SALBEBBI S5 G5 - - - - ND 2 T
SALDISCO S5 G5 - - - - ND 2 T
SALEXIGU S354 G5 - - - - ND 2 T
SALLASIA S5 G5T5 - - - - 4 5

SALLUCID S3 G5T5 - - - - ND 5

SALMACCA S4 G5? - - - - ND 3

SALPETIO S5 G5 - - - - ND 4

SALPLANI S5 G5 - - - - ND 4

SALPSEUD S4 G4G5 - - - - ND 4
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Grassland Parkland Sensitivity/Tolerance Sensitivity/Tolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
SALPYRIF S5 S5 - - - - ND 6 S
SALRUBRA S5 G5 - - - - 7 ND S

SALSERIS S4 G4 - - - - ND 6 S
SCHACUTU  S5? G5 - - - - 5 ND

SCHPUNGE S4 G5 - - - - ND 6 S
SCHTABER S5 G5 - - - - 6 4 S

SCIMICRO S5 G5 - - - - ND 3

SCOFESTU 4 G5 - - - - 4 4

SCUGALER S5 G5 - - - - 6 6 S S
SENVULGA SNA GNR - - W - 0 ND T

SISMONTA S5 G5 - - - - ND 5

SIUSUAVE S5 G5 - - - - 7 5 S

SOLALTIS S5 GNR - - - - 3 2 T
SONARVEN SNA GNR - - W N 0 0 T T
SONASPER SNA GNR - - W - 0 0 T T
SONOLERA SNA GNR - - - - 0 ND T

SPAANGUS S4 G5 - - - - ND 6 S
SPAEURYC S4 G5 - - - - ND 5

SPESALIN S3 G5 - R - - 8 ND S

SPHINTER  S4 G5 - - - - ND 7 S
SPOCRYPT S3 G5 - - - - ND 6 S
STAPILOS S5 G5 - - - - 6 4 S

STELONGI S5 G5 - - - - ND 4

STEMEDIA  SNA GNR - - w - ND 0 T
SUACALCE S5 G5 - - - - 3 ND

SYMBOREA S5 G5 - - - - 7 6 S S
SYMERICO S5 G5T5 - - - - 6 5 S

SYMLANCE S5 G5T5 - - - - 4 6 S
SYMOCCID S5 G5 - - - - 4 4
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Grassland Parkland Sensitivity/Tolerance SensitivityTolerance

Code S Rank G Rank Watched Rare Weed Noxious Region CC Region CC (GL) (PL)
SYMPUNIC S4 G5 - - - - ND 5

TANVULGA  SNA GNR - - W N ND 0 T
TAROFFIC SNA GNR - - W - 0 0 T T
TEPPALUS S5 G5 - - - - ND 3

THLARVEN SNA GNR - - W - 0 0 T T
TRADUBIU SNA GNR - - - - 0 ND T

TRIHYBRI SNA G5 - - - - ND 0 T
TRIMARIT S5 G5 - - - - 8 5 S

TYPLATIF S5 G5 - - - - 3 2 T
URTDIOCA S5 G5 - - W - ND 3

UTRVULGA S5 G5 - - - - 5 ND

VERPEREG S5 G5 - - - - ND 3

VERSCUTE S3 G5 - - - - 6 3 S

VICAMERI S5 G5 - - - - ND 2 T
VIOADUNC S5 G5 - - - - ND 5

VIOCANAD S5 G5 - - - - ND 4

VIOSOROR S$4 G5 - - - - ND 7 S
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Table D: Plant species and their autdogy

Wetland Vegetative Nitrogen- Recalcitrant  Dispersal
Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
ACHALPIN P UPL F GC R A
ACHMILLE P FACU F GC R A
ACOCALAM P OBL G NE R AHZ
AGRCRIST P UPL G NE - A
AGRGIGAN P FACW G NE R, S A
AGRSCABR P FAC G NE - A
AGRSTRIA P FACU F GC R Z
ALITRIVI P OBL F BE - H
ALOAEQUA P OBL G NE - AZ
ALOPRATE P FACW G NE - AZ
AMARETRO A FACU F GC - AH
AMEALNIF P FACU S TS S z
ANAMINIM A UPL F GC - H
ANECANAD P FACW F GC - AZ
ANTPARVI P UPL F GC S A
ARNCHAMI P FACW F GC R A
ARTBIENN B FACU F GC - AHZ
ARTCAMPE B UPL F GC - A
ARTLONGI P UPL F GC - A
ARTLUDOV P UPL F GC R A
ATRPROST A FACW F GC - AHZ
AVEFATUA A UPL G NE - Y4
BECSYZIG A OBL G NE - HZ
BIDCERNU A OBL F BE - Y4
BOLMARIT P OBL G NE R 1 H
BRANAPUS B UPL F GC - AZ
BROINERM P UPL G NE R A
CALCANAD P FACW G NE R A
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Wetland Vegetative Nitrogen- Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
CALIPALU P OBL A F - H
CALLPALU P OBL F BE R H
CALSTRIC P FACW G NE R AZ
CALTPALU P OBL F BE - H
CAPBURSA A FACU F GC - z
CARAQUAT P OBL G NE R HzZ
CARATHER P OBL G NE R HZ
CARATHRO P FACW G NE - H
CARBEBBI P OBL G NE - H
CARBREVI P FAC G NE - H
CARCARVI B UPL F GC - H
CARDIAND P OBL G NE - HZ
CARLACUS P OBL G NE R H
CARPELLI P OBL G NE R H
CARPRAEG P FACW G NE R H
CARPRATI P FAC G NE R H
CARRETRO P OBL G NE - H
CARSARTW P FACW G NE R H
CARSYCHN P FACW G NE - H
CARUTRIC P OBL G NE R H
CERARVEN P FACU F GC - A
CHAANGUS P FAC F GC R A
CHEALBUM A FACU F GC - HZ
CHECAPIT A UPL F GC - HZ
CHERUBRU A OBL F GC - HZ
CICMACUL B OBL F BE - AHZ
CIRARVEN P FACU F GC R AZ
CIRVULGA B UPL F GC - AZ
COLLINEA A FACU F GC - HZ
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Wetland Vegetative Nitrogen- Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
COMPALUS P OBL F BE R z
CORSERIC P UPL S TS - z
CRETECTO A UPL F GC - AZ
DESCESPI P FACW G NE - A
DESSOPHI B UPL F GC - AHZ
ECHCRUSG A FAC G NE - H
ELACOMMU P UPL S TS S 1 z
ELEACICU P OBL G NE R AHZ
ELEPALUS P OBL G NE R AHZ
ELYREPEN P FACU G NE R Z
ELYTRACH P FACU G NE - z
EPICAMPE A FACW F GC - Z
EPICILIA P FACW F GC T A
EPILEPTO P OBL F GC S, T A
EPIPALUS P OBL F GC S, T A
EQUARVEN P FAC G NE R AH
EQUFLUVI P OBL G NE R AH
EQUHYMAL P FACW G NE R AH
EQUPALUS P FACW G NE R AH
EQUPRATE P FACW G NE R AH
ERIGRACI P OBL G NE - A
ERILONCH B FACW F GC - A
ERIPHILA B FAC F GC - A
ERUGALLI A UPL F GC - AZ
ERYCHEIR A FACU F GC - AH
EURCONSP P UPL F GC - A
FAGESCUL A UPL F GC - A
FALCONVO A FACU \% GC - AHZ
FALSCAND P FACU V GC - AHZ
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Wetland Vegetative Nitrogen- Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
FESSAXIM P UPL G NE - AZ
FRAVESCA P UPL F GC S z
FRAVIRGI P FACU F GC S z
GALTETRA A FACU F GC - AH
GALTRIFI P OBL F GC - z
GALTRIFL P FACU F GC R z
GEUALEPP P FACU F GC - z
GEUMACRO P FACW F GC - Z
GEURIVAL P FACW F GC - z
GLYBOREA P OBL G NE R H
GLYGRAND P OBL G NE R H
GLYSTRIA P OBL G NE R H
GRANEGLE A OBL F GC - A
GRISQUAR B UPL F GC - A
HIEUMBAL P UPL F GC - AZ
HIPVULGA P OBL A BE R H
HORJUBAT P FACW G NE - AZ
HORVULGA A UPL G NE - Z
JUNBALTI P FACW G NE R A
JUNLONGI P FACW G NE R A
JUNNODOS P OBL G NE R A
JUNVASEY P FACW G NE R A
KRALANAT P UPL F GC - A
LACSERRI A FAC F GC - AH
LATOCHRO P UPL Vv GC R 1 HZ
LEMMINOR A OBL A FF - H
LEMTRISU A OBL A FF - H
LINUSITA A UPL F GC - H
LYCASPER P OBL F GC - H
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Wetland Vegetative Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction Mechanism
LYSCILIA P FACW F GC R H
LYSMARIT P OBL F GC R HzZ
LYSTHYRS P OBL F GC R H
MAISTELL P FACU F GC R z
MALNEGLE A UPL F GC - H
MEDSATIV P FACU F GC - z
MELALBUS B UPL F GC - HZ
MENARVEN P FACW F GC R H
MONNUTTA A FAC F GC - H
MUHRICHA P FAC G NE R A
MULOBLON P UPL F GC - A
PENPROCE P UPL F GC - A
PERAMPHI P OBL F BE R HZ
PERLAPAT A OBL F GC - HZ
PETFRIGI P FAC F GC R A
PHAARUND P FACW G NE R AH
PHLPRATE P FACU G NE - AZ
PLAHYPER P UPL F GC - AH
PLAMAJOR P FAC F GC - HZ
PLASCOUL A FACW F GC - Z
POAPALUS P FACW G NE - A
POAPRATE P FACU G NE R A
POLAVICU A FACU F GC - HZ
POLRAMOS A FACW F GC - HZ
POPBALSA P FACW T H - A
POPTREMU P FAC T H R A
POTANSER P FACW F GC S Hz
POTGRAMI P OBL A F - H
POTNORVE A FAC F GC - AZ
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Wetland Vegetative Recalcitrant  Dispersal
Code Lifecycle Status Habit Form Reproduction Mechanism
POTRICHA P OBL A F R H
POTRIVAL A FACW F GC R AZ
PYRASARI P FACU F GC R H
RANAQUAT P OBL A BE - HzZ
RANCYMBA P UPL F GC - HZ
RANGMELI P FACW F BE S HzZ
RANMACOU P OBL F GC - HZ
RANSCELE A OBL F GC - HZ
RIBLACUS P FACW S LS - z
RIBOXYAC P FACU S LS - Z
RORPALUS A OBL F GC - HZ
ROSACICU P FACU S LS - z
RUBPUBES P FACW F GC S z
RUBSACHA P FACU S TS - Z
RUMBRITA P OBL F GC - AHZ
RUMCRISP P FAC F GC - AHZ
RUMFUEGI A FACW F GC - HZ
RUMOCCID P OBL F GC - HZ
RUMSALIC P FACW F GC - HZ
SAGCUNEA P OBL F NE - HZ
SALBEBBI P FACW S TS - AH
SALDISCO P FACW S TS - AH
SALEXIGU P FACW S TS - AH
SALLASIA P FACW S TS - AH
SALLUCID P FACW S TS - AH
SALMACCA P OBL S TS - AH
SALPETIO P OBL S TS - AH
SALPLANI P OBL S TS - AH
SALPSEUD P FACW S TS - AH
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Wetland Vegetative Nitrogen- Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
SALPYRIF P OBL S TS - AH
SALRUBRA A OBL F GC - HzZ
SALSERIS P OBL S TS - AH
SCHACUTU P OBL G RE R 1 AH
SCHPUNGE P OBL G NE R 1 AH
SCHTABER P OBL G RE R 1 AH
SCIMICRO P OBL G NE R 1 H
SCOFESTU P OBL G NE R H
SCUGALER P OBL F GC R H
SENVULGA A FACU F GC - AZ
SISMONTA P FAC F GC - z
SIUSUAVE P OBL F BE - H
SOLALTIS P FACU F GC R A
SONARVEN P FAC F GC R AZ
SONASPER A FAC F GC - AZ
SONOLERA A UPL F GC - AZ
SPAANGUS P OBL G NE R H
SPAEURYC P OBL G NE R H
SPESALIN A OBL F GC - AH
SPHINTER P FAC G NE - A
SPOCRYPT P FACU G NE - A
STAPILOS P FACW F GC R H
STELONGI P FACW F GC - HZ
STEMEDIA A FACU F GC - HZ
SUACALCE A FACW F GC - H
SYMBOREA P OBL F GC R A
SYMERICO P FACU F GC - A
SYMLANCE P FACW F GC R A
SYMOCCID P UPL S LS - Z
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Wetland Vegetative Nitrogen- Recalcitrant  Dispersal

Code Lifecycle Status Habit Form Reproduction  Fixing Litter Mechanism
SYMPUNIC P OBL F GC - A
TANVULGA P FACU F GC R AHZ
TAROFFIC P FACU F GC - AZ
TEPPALUS A UPL F GC - AZ
THLARVEN A FACU F GC - AHZ
TRADUBIU A UPL F GC - AZ
TRIHYBRI P FACU F GC - 1 AZ
TRIMARIT P OBL F GC R H
TYPLATIF P OBL G RE R 1 A
URTDIOCA P FAC F GC R AHZ
UTRVULGA P OBL A SuU - H
VERPEREG A FACW F GC - AZ
VERSCUTE P OBL F GC S AZ
VICAMERI P FACU \% GC - 1 AZ
VIOADUNC P FACU F GC R AZ
VIOCANAD P FACU F GC R AZ
VIOSOROR P FAC F GC R AZ
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Appendix 2.5All potential metrics with their Spearman Rho andyalues

Includes metrics based on plant traits (Apper2l&) and plant families (Append24). Note that nearly
all metrics were calcated in 3 ways: as percent cover, presence or absence, or as the proportion of
total richness.

Metric Metric Variations Spearman Rho p-value
Achillea millefolium Percent Cover -0.12 0.853
Presence/Absence -0.14 0.771
Any species currently tracked Hyet  Percent Cover 0.26 0.063
ACIMS Presence/Absence 0.26 0.062
Proportion of Richness 0.26 0.063
Agropyron cristatum Percent Cover 0.10 0.545
Presence/Absence 0.10 0.545
Agrostis gigantea Percent Cover -0.16 0.283
Presence/Absence -0.16 0.283
Agrostis scabra Percent Cover 0.27 0.094
Presence/Absence 0.24 0.143
Agrimonia striata Percent Cover -0.07 0.691
Presence/Absence -0.06 0.722
Alismataceadamily Percent Cover 0.22 0.109
Presence/Absence 0.21 0.127
Proportion of Richness 0.22 0.109
Alisma triviale Percent Cover 0.22 0.109
Presence/Absence 0.21 0.127
Alopecurus aequalis Percent Cover 0.29 0.055
Presence/Absence 0.23 0.103
Amaranthaceadamily Percent Cover 0.05 0.826
Presence/Absence 0.05 0.802
Proportion of Richness 0.05 0.798
Amaranthus retroflexus Percent Cover 0.24 0.105
Presence/Absence 0.24 0.105
Anemone canadensis Percent Cover -0.07 0.618
Presence/Absence -0.07 0.618
Plant species whose primary means Percent Cover -0.03 0.879
propagule dispersal is Anemochory  presence/Absence 0.08 0.428
Proportion of Richness 0.39 0.006
Plant species that are annual Percent Cover 0.04 0.753
Presence/Absence 0.23 0.143
Proportion of Richness 0.40 0.009
Plant species that are annual or Percent Cover 0.05 0.730
biennial Presence/Absence 0.26 0.071
Proportion of Richness 0.38 0.013
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Metric

Metric Variations

Spearman Rho p-value

Apiaceadamily

Plant species considered b@ aquatic

plants according to the Ontario

Wetland Evaluation System (OWES)

Araceaefamily

Artemisia biennis
Artemisia campestris
Artemisia longifolia
Artemisia ludoviciana

Asparagaceagamily

Asteraceadamily

Atriplex prostrata
Beckmannia syzigachne
Bidens cernua

Plant species that are biennial

Boraginaceadamily

Brasstaceaefamily

Plant species considered to be
broadleaf emergent by OWES

Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportionof Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absere
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness

Percent Cover
Presence/Absence

-0.16
-0.15
-0.15
-0.27
-0.25
-0.25
-0.27
-0.26
-0.24
0.10
0.10
0.10
0.10
0.14
0.14
0.35
0.34
-0.09
-0.09
-0.09
-0.02
0.02
0.06
0.11
0.11
0.33
0.26
-0.01
0.00
0.04
0.03
0.07
0.04
0.03
0.03
0.06
0.06
0.05

0.12
-0.07

0.567
0.698
0.646
0.024
0.029
0.038
0.050
0.061
0.082
0.541
0.549
0.545
0.545
0.414
0.415
0.023
0.030
0.353
0.353
0.353
0.915
0.822
0.761
0.859
0.859
0.019
0.097
0.925
0.941
0.568
0.627
0.488
0.787
0.826
0.841
0.690
0.696
0.736

0.490
0.600
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Metric

Metric Variations

Spearman Rho p-value

Plant species considered to be
broadeaf emergent by OWES

Bromus inermis

Calamagrostis canadensis

Callitriche palustris
Calamagrostis stricta

Caprifoliaceadamily

Carex aquatilis
Carex atherodes
Carex athrostachya
Carex bebbii

Carex brevior
Carum carvi

Carexgenus

Carex lacustris
Carex pellita
Carex praegracilis
Carex retrorsa
Carex utriculata

Caryophyllaceatamily

Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Preseme/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Prgportion of Richness

-0.01
0.17
0.17

-0.25

-0.26
0.05
0.05

-0.19

-0.18

-0.07

-0.07

-0.07

-0.16

-0.17

-0.22

-0.22

-0.08

-0.08

-0.02

-0.02
0.09
0.09
0.16
0.16

-0.25

-0.19

-0.12
0.16
0.16
0.09
0.08
0.05
0.05

-0.14

-0.14

-0.05

-0.04

-0.17

-0.17

-0.16

0.754
0.292
0.295
0.232
0.233
0.776
0.776
0.538
0.549
0.618
0.618
0.618
0.822
0.785
0.098
0.133
0.545
0.545
0.949
0.919
0.594
0.594
0.237
0.237
0.072
0.213
0.354
0.237
0.237
0.504
0.617
0.777
0.760
0.335
0.335
0.723
0.778
0.258
0.252
0.282

148



Metric

Metric Variations

Spearman Rho p-value

Cerastium arvense
Chamerion angustifolium
Chenopodium album
Chenopodium capitatum
Cicuta maculata

Cirsium arvense

Cirsium vulgare
Collomia linearis

Crepis tectorum

Cyperacaefamily

Deschampsia cespitosa
Echinochloa crugalli
Eleocharis acicularis
Eleocharis palustris
Elymus trachycaulus
Epilobium ciliatmn
Epilobium leptophyllum
Epilobium palustre
Equisetum arvense

Equisetum fluviatile

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Perent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Pregnce/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence

Proportion of Richness

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover

0.16 0.237
0.16 0.237
0.14 0.353
0.14 0.353
-0.02 0.906
-0.01 0.909
-0.12 0.412
-0.12 0.412
-0.18 0.896
-0.18 0.919
-0.27 0.082
-0.23 0.158
-0.05 0.696
-0.05 0.696
-0.14 0.317
-0.14 0.319
0.11 0.541
0.12 0.520
-0.06 0.503
0.06 0.620
0.17 0.358
-0.18 0.196
-0.18 0.204
0.30 0.032
0.30 0.033
0.32 0.024
0.31 0.029
0.22 0.197
0.17 0.237
-0.12 0.454
-0.15 0.476
-0.04 0.927
-0.05 0.973
0.11 0.859
0.11 0.859
-0.12 0.418
-0.09 0.518
0.19 0.489
0.20 0.476
-0.22 0.140
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Metric

Metric Variations

Spearman Rho p-value

Equisetum fluviatile
Equisetum hyemale

Equisetaceaéamily

Equisetum palustre
Equisetum pratense
Erigeron philadelphicus
Erysimum cheiranthoides

Plants that are eudicots

Plants considered to be exotic by
AWRAC

Plants considered to be exotic and
annuals or bienniafs

Graminoid species considered to be
exotic

Perennial species considered to be
exotic

Fabaceadamily

Plant species that have facultative
status for wetlands

Plant species that have facultative
upland status for wetlands

Plantspecies that have facultative
wetland status for wetlands

Presence/Absence
Percent Cover
Presence/Absere
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absece
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness

Percent Cover
Presence/Absence

-0.22
-0.07
-0.07
-0.24
-0.25
-0.27
-0.24
-0.23
-0.23
-0.23
-0.25
-0.25
0.25
0.25
-0.14
-0.13
-0.15
0.00
0.19
0.22
0.12
0.19
0.24
0.30
0.31
0.32
-0.01
0.04
0.08
0.00
-0.02
0.00
0.00
0.11
0.16
-0.27
-0.11
-0.10

-0.04
-0.17

0.140
0.618
0.618
0.128
0.144
0.096
0.603
0.629
0.123
0.123
0.090
0.090
0.090
0.090
0.511
0.588
0.411
0.944
0.300
0.252
0.254
0.160
0.080
0.099
0.083
0.063
0.809
0.929
0.974
0.626
0.694
0.648
0.981
0.487
0.423
0.132
0.778
0.749

0.968
0.377
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Metric

Metric Variations

Spearman Rho p-value

Plant species that have facultative
wetland status for wetlands
Fagopyrum esculentum

Fallopia convolvulus
Fallopia scandens
Festuca saximontana

Plant species considered to be
floating-leaved plants by OWES

Plant species that have the forb
growth habt according to Moss &
Packer, 1983

Fragaria vesca
Fragaria virginiana

Plant species considered to be free
floating by OWES

Galeopsis tetrahit
Galiumtrifidum
Geum aleppicum
Geum macrophyllum
Geum rivale

Plant species considered to be
sensitive in the Grassland Natural
Region of Alberta

Plant species considered to be
disturbance tolerat in the Grassland
Natural Region of Alberta

Glyceria borealis

Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Preseme/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence

-0.14
0.15
0.15
0.19
0.19
0.01
0.01
0.16
0.16

-0.08

-0.08

-0.08
0.07

-0.07
0.03

-0.19

-0.20

-0.09

-0.09

-0.27

-0.26

-0.24

-0.24

-0.23

-0.21

-0.24

-0.40

-0.40

-0.01

-0.01
0.16
0.16

-0.12

-0.37

-0.34
0.11
0.29
0.46

-0.09

-0.08

0.436
0.300
0.300
0.211
0.208
0.972
0.972
0.237
0.237
0.508
0.504
0.500
0.546
0.825
0.844
0.199
0.164
0.353
0.353
0.050

0.061
0.082

0.221
0.241
0.150
0.105
0.005
0.005
0.466
0.436
0.237
0.237
0.577
0.010
0.012
0.493
0.089
0.008
0.503
0.529
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Metric Metric Variations Spearma Rho  p-value
Glyceria grandis Percent Cover -0.05 0.800
Presence/Absence -0.08 0.966
Glyceria striata Percent Cover -0.13 0.800
Presence/Absence -0.13 0.780
Plant species that have the graminoi PercentCover -0.03 0.577
growth habit according to Moss &  presence/Absence 0.10 0.402
Packer, 1983 Proportion of Richness 0.16 0.460
Gratiola neglecta Percent Cover 0.26 0.063
Presence/Absence 0.26 0.062
Grindelia squarrosa Percent Cover 0.02 0.907
Presence/Absence 0.02 0.879
Grossulariaceatamily Percent Cover -0.16 0.626
Presence/Absence -0.15 0.647
Proportion of Richness -0.15 0.669
Plant species considered to be Percent Cover 0.00 0.829
groundcover by OWES Presence/Absence -0.05 0.964
Proportion of Richness 0.06 0.623
Plant speciesonsidered to be Percent Cover -0.18 0.896
hardwood by OWES Presence/Absence -0.18 0.919
Proportion of Richness -0.18 0.896
Hippuris vulgaris Percent Cover 0.12 0.945
Presence/Absence 0.12 0.939
Hordeum jubatum Percent Cover 0.19 0.262
Presence/Asence 0.24 0.084
Hordeum vulgare Percent Cover -0.02 0.804
Presence/Absence -0.02 0.804
Plant species whogarimary means of pPercent Cover -0.06 0.718
propagule dispersas Hydrahory Presence/Absence -0.14 0.495
Proportion of Richness -0.10 0.3%4
lnverse Simpson’ :Value -0.08 0.858
Evenness Value 0.12 0.471
Jost Shannon’' s diValue -0.07 0.943
JostSi mpson’ s di vervalue -0.08 0.858
Juncus balticus Percent Cover 0.18 0.184
Presence/Absence 0.17 0.206
Juncaceaéamily Percent Cover 0.18 0.181
Presence/Absence 0.18 0.183
Proportion of Richness 0.18 0.206
Juncaginaceatamily Percent Cover -0.09 0.353
Presence/Absence -0.09 0.353
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Metric

Metric Variations

Spearman Rho p-value

Juncaginaceéamily
Juncus vaseyi

Krascheninnikovia lanata

Lactuca serriola

Lamiaceadamily

Lathyrus othroleucus

Lemna minor

Plant species considered to be low

shrub by OWES
Lycopus asper

Lysimachia thyrsiflora

Maianthemum stellatum

Malva neglecta

Malvaceaefamily

Melilotus albus

Mentha arvensis

Plants that are monocots

Muhlenbergia richardsonis

Plant species with multiple methods

of dispersal

Praportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Coer
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absere
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presance/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness

-0.09
0.16
0.16
0.04
0.04
0.07
0.07

-0.33

-0.38

-0.33

-0.25

-0.25

-0.27

-0.26

-0.15

-0.16

-0.16

-0.12

-0.11

-0.21

-0.20

-0.09

-0.09
0.24
0.24
0.24
0.24
0.24

-0.02

-0.02

-0.24

-0.25
0.02
0.09
0.22
0.12
0.12
0.07
0.11
0.20

0.353
0.237
0.237
0.891
0.879
0.715
0.703
0.014
0.005
0.016
0.090
0.090
0.050
0.061
0.491
0.445
0.461
0.397
0.415
0.154
0.158
0.353
0.353
0.105
0.105
0.105
0.105
0.105
0.804
0.804
0.082
0.053
0.798
0.391
0.203
0.934
0.939
0.707
0.329
0.208
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Metric

Metric Variations

Spearman Rho p-value

Plant species considered to be
narrow-leaved emergent by OWES

Plant species nate to Alberta

Native plant species that are annuals
or biennials

Native plant species with that are
graminoid

Native plant species that are
perennials

Plant species that are nitrogen fixing

Plant species considered noxious
weeds by AWRAC

Plant species that have obligate or
facultativewet status for wetlands

Plant species that have obligate stati
for wetlands

Onagraceadamily

Orchidaceadamily

Penstemon procerus
Persicaria amphibia

Plant species that are perennial

Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richnes
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Pregnce/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
PercentCover
Presence/Absence
Proportion of Richness

-0.02
0.08
0.14

-0.09

-0.12

-0.15
0.26
0.32
0.40

-0.07
0.08
0.15

-0.23

-0.26

-0.42
0.00

-0.02
0.00

-0.14

-0.20

-0.18

-0.03

-0.19

-0.09
0.06

-0.14
0.01

-0.06

-0.02

-0.03

-0.09

-0.09

-0.09
0.10
0.10

-0.11

-0.12

-0.25

-0.23

-0.38

0.590
0.459
0.484
0.535
0.657
0.553
0.064
0.032
0.011
0.422
0.448
0.497
0.094
0.141
0.013
0.626
0.694
0.648
0.364
0.201
0.233
0.687
0.313
0.460
0.914
0.477
0.871
0.693
0.828
0.886
0.353
0.353
0.353
0.545
0.545
0.359
0.286
0.074
0.196
0.013
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Metric

Metric Variations

Spearman Rho p-value

Persicaria lapathifolia
Petasites frigidus
Phalaris arundinacea

Phleum pratense

Plant species considered to be
sensitive in the Parkland Naal

Region of Alberta

Plant species considered to be
disturbance tolerant in the Parkland

Natural Region of Alberta
Platanthera hyperborea

Plantago major

Plantaginaceadamily

Plagiobothrys scouleri

Poaceadamily

Poa palustis
Poa pratensis
Polygonum aviculare

Polemoniaceae

Polygonum ramosissimum

Polygonaceagamily

Percent Cover
Presence/Absence
Percent Cove
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence

Proportion of Richness
Percent Cover
Presence/Absere
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presance/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness

0.39
0.38
-0.42
-0.42
-0.08
-0.11
0.20
0.20
-0.26
-0.22

-0.24
-0.04
0.18
0.32
-0.09
-0.09
0.04
0.04
0.15
0.17
0.18
0.04
0.03
0.01
0.09
0.20
0.13
0.09
-0.17
-0.20
0.16
0.15
-0.14
-0.14
-0.14
-0.17
-0.17
0.25
0.22
0.23

0.006
0.009
0.003
0.003
0.586
0.460
0.464
0.476
0.082
0.192

0.138
0.926
0.164
0.044
0.353
0.353
0.887
0.879
0.528
0.456
0.377
0.787
0.826
0.952
0.465
0.295
0.549
0.722
0.246
0.152
0.626
0.646
0.317
0.319
0.317
0.225
0.219
0.104
0.200
0.172
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Metric

Metric Variations

Spearman Rho p-value

Populus tremuloides

Potamogetonaceaéamily

Potentilla arserina
Potamogeton gramineus
Potentilla norvegica
Potamogeton richardsonii
Potentilla rivalis

Primulaceadamily

Ranunculus cymbalari
Ranunculus gmelinii
Ranunculus macounii
Ranunculus sceleratus

Ranunculaceatamily

Plant species considered rare in
Alberta

Plant species found to have
recalcitrant litter decomposition

Ribes oxyacanthoides

Plant species considered to be robus

emergent by OWES

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Coer
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness

-0.18
-0.18
-0.08
-0.09
-0.09
-0.08
-0.08
0.05
0.05
0.26
0.26
-0.14
-0.14
0.13
0.12
-0.21
-0.20
-0.21
-0.09
-0.10
0.03
0.02
-0.05
-0.05
-0.23
-0.23
-0.14
-0.19
-0.19
-0.03
-0.01
0.01
0.21
0.15
0.21
-0.16
-0.15
0.01
0.05
0.08

0.896
0.919
0.508
0.488
0.469
0.363
0.345
0.776
0.776
0.104
0.106
0.298
0.295
0.401
0.415
0.154
0.158
0.154
0.997
0.973
0.713
0.675
0.653
0.690
0.114
0.118
0.300
0.234
0.200
0.865
0.960
0.934
0.129
0.459
0.300
0.626
0.647
0.901
0.749
0.600
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Metric

Metric Variations

Spearman Rho p-value

Rorippa palustris

Rosaceadamily

Rosa acicularis

Rubiaceadamily

Rubus pubescens
Rumex britannica
Rumex crispus
Rumex fueginus
Rumex occidentalis
Rumex salicifolius
Salix discolor

Salix exigua

Salicaceadamily

Salix lasiandra

Salix lucida

Salix pseudomonticola
Salicornia rubra
Schoenoplectus acutus

Schoenoplectus pungens

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percen Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover

0.16 0.268
0.15 0.302
0.16 0.199
0.08 0.348
0.12 0.212
-0.23 0.211
-0.24 0.199
-0.21 0.150
-0.24 0.105
-0.23 0.124
-0.09 0.353
-0.09 0.353
-0.19 0.184
-0.19 0.184
0.10 0.819
0.08 0.932
0.37 0.011
0.38 0.009
-0.24 0.682
-0.24 0.686
-0.10 0.464
-0.11 0.419
-0.25 0.090
-0.25 0.090
-0.35 0.138
-0.35 0.150
-0.36 0.092
-0.36 0.115
-0.37 0.104
-0.20 0.162
-0.20 0.158
-0.09 0.353
-0.09 0.353
-0.09 0.353
-0.09 0.353
-0.05 0.696
-0.05 0.696
-0.02 0.804
-0.02 0.804
0.15 0.348
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Metric

Metric Variations

Spearman Rho p-value

Schoenoplectus pgens

Schoenoplectus tabernaemontani

Scirpus microcarpus
Scolochloa festucacea

Scutellaria galericulata

Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presene/Absence
Percent Cover
Presence/Absence

Shannon’s diver sivalue

Plant species that have the shrub
growth habit according to Moss &

Packer, 1983

Percent Cover
Presence/Absence

Proportion of Richness

Simpson’s diver sivValue

Sium suave

Solidago altissima
Sonchus arvensis
Sonchus asper

Sonchus oleraceus
Spergularia salina
Stachys pilosa

Stellaria longifolia

Suaeda calceoliformis
Symphyotrichum boreale
Symphyotrichum ericoides
Symphyotrichum lanceolatum

Symphoricarpos occidentalis

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Coer
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presene/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absete
Percent Cover
Presence/Absence

0.15

0.13

0.14
-0.22
-0.22
-0.21
-0.17
-0.53
-0.52
-0.07
-0.32
-0.31

-0.32
-0.08
-0.16
-0.15
-0.23
-0.23
-0.12
-0.15
-0.13
-0.14

0.19

0.19
-0.17
-0.17
-0.30
-0.29
-0.25
-0.25
-0.05
-0.05
-0.08
-0.08
-0.19
-0.19
-0.05
-0.03
-0.07
-0.07

0.354
0.274
0.285
0.140
0.140
0.072
0.122
0.000
0.000
0.943
0.168
0.215

0.185
0.858
0.272
0.301
0.482
0.501
0.341
0.268
0.888
0.854
0.161
0.161
0.225
0.219
0.033
0.034
0.090
0.090
0.696
0.696
0.524
0.525
0.184
0.184
0.825
0.978
0.618
0.618
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Metric

Metric Variations

Spearman Rho p-value

Symphyotrichum puniceum

Plant species consideré¢d be tall
shrubs by OWES

Taraxacum officinale
Tephroseris palustris
Thlaspi arvense
Tragopogon dubius

Plant species considered to be trees
by OWES

Plant species considered to be trees
or shrubs by OWES

Trifolium hybridum
Triglochin maritima

Typhaceadamily

Typha latifolia

Plant species that have upland statu
for wetlands

Urtica dioica

Urticaceadamily

Plant species that exhibit vegetative
reproduction

Veronica scutedita

Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
PresencefAbsence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Asence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presene/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover

-0.16
-0.16
-0.42
-0.42
-0.42
0.30
0.29
0.23
0.23
0.15
0.14
0.08
0.08
-0.18
-0.18
-0.18
-0.32
-0.31
-0.32
0.28
0.28
-0.09
-0.09
0.01
0.03
0.04
0.01
0.03
0.28
0.22
0.30
-0.35
-0.35
-0.35
-0.35
-0.35
-0.17
-0.24
-0.32
-0.15

0.311
0.282
0.037
0.047
0.048
0.128
0.145
0.140
0.140
0.294
0.337
0.677
0.684
0.896
0.919
0.896
0.160
0.228
0.185
0.056
0.055
0.353
0.353
0.796
0.870
0.973
0.796
0.870
0.048
0.087
0.039
0.016
0.016
0.016
0.016
0.016
0.179
0.152
0.023
0.292
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Metric

Metric Variations

Spearman Rho p-value

Veronica scutellata
Vicia americana

Plant species that have the vine
growth habit according to Moss &
Packer, 1983

Viola adunca

Violaceadamily

Plant species identified as a weed in
the prairie provinces of Canada by
Bubar et al., 2000

Plant spe@s whose primary means c
propagule dispersal is Zoochory

Presence/Absence
Percent Cover
Presence/Absence
Percent Cover
Presence/Absence

Proportion of Richness
Percent Cover
Presence/Absence
Percent Cover
Preseme/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness
Percent Cover
Presence/Absence
Proportion of Richness

-0.15
-0.20
-0.20
-0.02
-0.02

0.01
-0.09
-0.09
-0.09
-0.09
-0.09

0.09

0.13

0.29

0.15

0.06

0.15

0.295
0.527
0.556
0.814
0.741

0.663
0.353
0.353
0.353
0.353
0.353
0.626
0.358
0.087
0.449
0.494
0.344
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Appendix3.1: All FRAGSTATS metrics.

TableA.3.1.1 All FRAGSTATS metrics available at the patehincluding the metric type, description
and units where applicable.

Metric Additional
Type Metric Code Description Units Requirements
Area/Edge Area AREA  Area of each patch in the file ha
Perimeter of the patch
Area/Edge Perimeter PERIM includingany internal holes m
Mean distance between
Radius of each cell in the patch and
Area/Edge Gyration GYRATE the patch centroid m
Ratio of patch perimeter to
Perimeter area. A simple measure of
Shape Area Ratio PARA  complexity --

Patch perimeter divided by
the square root of patch are:

Shape Shape Index SHAPE adjusted by a constant --
Fractal 2 times the logarithm of
Dimension patch perimeter divided by

Shape Index FRAC the logarithm of patch area. --
Related 1 minus patch area divided
Circumscribing by the area of the smallest

Shape Circle CIRCE circumscribing circle --

Average contiguity values

(i.e. sum of the cell values

divided by the total # of

pixels in the patch minus 1,
Contiguity divided by the sum of the

Shape Index CONTIG template values minus 1).  --

Area within the patch that is

further than the specified

depth-of-edge distance from

Core Area  Core Area CORE the patch perimeter ha Edge Depth Table
Number of Core Areas
Number of contained within he patch
Core Area  Core Areas NCORE boundary - Edge Depth Table
Core Area Patch core area divided by
Core Area  Index CAI total patch area % Edge Depth Table

Sum of the patch perimeter
segments multiplied by their
corresponding contrast
Edge Contrast weights dvided by total
Contrast Index ECON patch perimeter % Edge Contrast Tabl
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Metric
Type Metric

Code

Description Units

Additional
Requirements

Euclidean

Nearest

Neighbor
Aggregation Distance

Proximity
Aggregation Index

Similarity
Aggregation Index

ENN

PROX

SIMI

Distance to the nearest
neighboring patch of the

same type based on the
shortest edgeto-edge

distance m
Sum of @tch area divided by
the nearest edgdo-edge
distance squared between

the patch and the focal patcl
of all patches of the same
type whose edges are withir

a specified distance of the
focal patch --
Sum ovearll neighboring
patches with edges within a
specified distance of the

focal patch, of neighboring
patch area times a similarity
coefficient between the foca
patch type --

Search radius

Similarity Table,
Search Radius
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Table A3.1.2 All FRAGSTATS metrics availabtbe class levahcluding the metric type, description

and units where applicable.

Metric Additional
Type Metric Code Description Units Requirements
Sum of the areas of all patche
Area/Edge Total Area CAITA of the same class ha
Sum of the areas of all patche
Percentag of of the same class, divided by
the the total landscape area
Area/Edge Landscape PLAND (proportional abundance) %
Largest Patch Percentage of the landscape
Area/Edge Index LPI covered by the largest patch %
Sum of the lengths of all edge
Area/Edge Total Ede TE segments for each patch type m
Sum of the lengths of all edge
segments for each patch type
divided by the total landscape
Area/Edge Edge Density ED area m/ha
2 dividedby the slope of
regression line obtained by
Perimeter regressing the logarithm of
Area Fractal patch area against the
Shape Dimension PAFRAC logarithm of patch perimeter --
Total Core Sum d core areas of each
Core Area Area TCA patch of patch type ha
Core Area Sum of core areas for each
Percentage of patch divided by the total
Core Area Landscape CPLAND landscape area %
Number of Number of disjunct core areas
Disjunct Core contained within each patch
Core Area Areas NDCA of the corresponding type --
Sum of the diginct core areas
contained within each patch
Disjunct Core type divided by total
Core Area  Area Density DGAD landscape area #/ha Edge Depth Table
Sum of the lengths of each
edge segment per patch type.
multiplied by the
Contrast corresponding entrast weight
Weighted divided by total landscape
Contrast Edge Density CWED area m/ha Edge Contrast Tabl
Sum of the lengths of each
Total Edge edge segment per patch type.
Contrast multiplied by the
Contrast Index TECI corresponding contrast weigh % Edge Contrast Tabl
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Metric

Type Metric Code

Description Units

Additional
Requirements

Interspersion

and

Juxtaposition
Aggregation Index 131

Percentage of
Like

Aggregation Adjacencies PLADJ

Aggregation
Aggregation Index Al

Clumpiness

Aggre@tion Index

Landscape
Aggregation Shape Index LSI

Normalized
Landscape

Aggregation Shape Index NLSI

CLUMPY

divided the lengths of all edge
edges 6 the same type

Sum of the length of each
unique edge type involving th
corresponding patch type
divided by the total length of
edge involving the same type,
multiplied by the lgarithm of

the same quantity summed
over each unique edgdé¢
divided by the logarithm of

the number of patch types
minus 1 %
Number of like adjacencies
involving the focal class

divided by the tothnumber of
cell adjacencies involving the
focal class %
Number of like adjacencies
involving the corresponding
class, divided by the maximur
possible number of like
adjacencies involving the
corresponding class. %
Proportional deviation of the
proportion of like adjacencies
involving the corresponding
class from that expected

under a spatially random
distribution. %
.25 the sum of the entire
landscape boundary and all
edge segments within the
landscape boundary involving
the corresponding patch type
divided by the square root of
the total landscape area --
Total length of edge of the
correspording class given in
number of cell surfaces minus
the minimum length of class
edge possible for a maximally
aggregated class --
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Metric Additional
Type Metric Code Description Units Requirements

1 minus the sum of patch
perimeter divided by the sum
of patch perimeter times the
square root of patch area
divided by 1 minus 1 over the

Patch square root of the total

Cohesion number of cells in the
Aggregation Index COHESIOI landscape %

Number of Number of patches of the
Aggregation Patches NP corresponding type --

Number of patches of the
corresponding type divided by
Aggregation Patch Density PD the total landscape area m/ha
1 minus the sum of patch arei
divided by total landscape
area, quantity squared,
Landscape summed across all patches o
Aggregation Division Index DIVISION the corresponding patch type propottion
Total landscape area squarec
divided by the sum of patch
area squared summed across
all patches of all the
Aggregation Splitting Index SPLIT corresponding patch type --
sum of patch area squared,
summed acrosall patches of
the corresponding patch type,
Effective divided by total landscape
Aggregation Mesh Size MESH area ha
number of functional joinings
between all patches of the
corresponding patch type
divided by the total number of
possible joinings betweenlal
patches of the corresponding
Aggregation Connectance CONNECT patch type %
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Table A3.1.3: All FRAGSTATS metrics available at the landscapeledigg the metric type,
description and units where applicable.

Metric Additional
Type Metric Code Description Units Requirements
Area/Edge Total Area  TA Total area of the landscape ha
Area of the largest patch in the
Largest landscape divided by the total
Area/Edge Patch Index LPI landscape area %
Sum of the lengths of all edge
Area/Edge Total Edge TE segments in the landspe m
Sum of the lengths of all edge
segments in the landscape
divided by the total landscape
Area/Edge Edge Density ED area m/ha
2 divided by the slope of
regression line obtained by
Perimeter regressing the logahm of
Area Fractal patch area against the
Shape Dimension  PAFRAC logarithm of patch perimeter -
Total Core Edge Depth
Core Area Area TCA Sum of core area of each patcl ha Table
Number of Sum of the number of disjunct
Disjunct core areas contained within Edge Depth
Core Area Core Areas NDCA each patch in the landscape -- Table
Sum of the number of disjunct
Disjunct core areas contained within
Core Area each patch in the landscape  #/100 Edge Depth
Core Area  Density DCAD divided by total landscape are: ha Table
Sum of the lengths of each
edge segment in the landscap:
Contrast multiplied by the contrast Edge
Weighted weight divided by the total Contrast
Contrast Edge Density CWED landscape area m/ha Table
Sum of the lengths of each
edge segment inhte landscape
Total Edge multiplied by the contrast Edge
Contrast weight divided by the total Contrast
Contrast Index TECI length of edge in the landscap: % Table
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Metric

Type Metric Code

Description

Units

Additional
Requirements

Contagion

Aggregation Index CONTAG

Interspersion
and
Juxtaposition

Aggregation Index 131

Percentage
of Like

Aggregation Adjacencies PLADJ

Aggregation

Aggregation Index Al

Landscape
Aggregation Shape Index LSI

Minus the sum of the

proportional abundance of

each patch type multiplied by

the proportion of adjcencies
between cells of that patch

type and another patch type,
multiplied by the logarithm of

the same quantity summed

over each unique adjacency

type and each patch type,
divided by 2 times the

logarithm of the number of

patch types. %
Sum of the length of each

unique edge type divided by

the total landscape edge,
multiplied by the logarithm of

the same quantity summed

over each unigue edgd¢

divided by the logarithm of the
number of patch type minus 1,
divided by 2 %
Sum of the number of like
adjacencies for each patch

type, divided by the total

number of cell adjacencies in

the landscape %
Number of like djacencies
involving the corresponding
class, divided by the max
possible number of like
adjacencies involving the
corresponding class, summed
over all classes %
0.25 times the sum of the

entire landscape boundarynd

all edge segments within the
landscape boundary divided b
the square root of the total
landscape area. --
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Metric Additional
Type Metric Code Description Units Requirements

1 minus the sum of patch
perimeter divided by the sum
of patch perimeter times the
square root of ptch area for all
patches in the landscape

Patch divided by 1 minus 1 over the

Cohesion square root of the total numbe:
Aggregation Index COHESIOI of cells in the landscape %

Number of Equals the number of patches
Aggregation Patches NP in the landscape -

Numberof patches in the

Patch landscape divided by total

Aggregation Density PD landscape area #/100 ha

1 minus the sum of patch area
divided by total landscape are

Landscape quantity squared, summed
Division across all patches in the
Aggregation Index DIVISION landscape proportion

total landscape area squared,
divided by the sum of patch
Splitting area squared, summed across
Aggegation Index SPLIT all patches in the landscape
1 divided by total landscape
area, multiplied by the sum
patch areasquared, summed
Effective across all patches in the
Aggregation Mesh Size  MESH landscape ha
number of functional joinings
between all patches of the
same patch type, divided by th
total number of possible

Connectance joinings between all patches of
Aggregation Index CONNECT the same type %

Patch Number of different patch
Diversity Richness PR types present in the landscape --

Patch Number of different patch

Richness types present in the landscape
Diversity Density PRD divided by total landscape are¢ #/100ha

Number of different patch
types present within the
landscape boundary divided b

Relative the maximum potential
Patch number of patch types
Diversity Richness RPR specfied by the user %
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Metric Additional
Type Metric Code Description Units Requirements
minus the sum across all patct
Shannon's types of the propational
Diversity abundance of each patch type
Diversity Index SHDI multiplied by that proportion  --
1 minus the sum, across all
Simpson's patches, of the proportional
Diversity abundance of each patch type
Diversity Index SIDI squared -
Modified minus the log of the sum,
Simpson's across all patch types, of the
Diversity proportional abundance of
Diversity Index MSIDI each patch type squared --
minus the sum, across all patc
types, of the proportional
abundance of each patch type
Shannon's multiplied by that proportion
Evenness divided by the log fithe
Diversity Index SHEI number of patch types. --
1 minus the sum, across all
patches, of the proportional
Simpson's abundance of each patch type
Evenness squared, divided by 1 minus th
Diversity Index SIEI number of patch tpes --
minus the log of the sum,
across all patch types, of the
Modified proportional abundance of
Simpson's each patch type squared,
Evenness divided by the Ig of the
Diversity Index MSIEI number of patch types --
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Appendix 3.2: Quantifying Dat Uncertainty

Overview of errors in landscape ecology, a paper written to identify and quantify the error and
uncertainty in our mapping procedure. This paper was originally submitted to Dr. D. Robinson as part of
a course credit.

Landscape ecology prakds a means to quantify the relationship between discrete habitats
within a broad landscape, and relate them to the biological processes within that land®elhe
Fonseca, & Motten, 1997; Turner, 1989)his is frequently performed using a combination of remote
sensing and GIS teedve patterns and environmental metrics that can provide an understanding about
the landscape and quantify landscape struct(veGarigal & Marks, 1994)This information is valuable
for studying landscapes bis also applicable to regional management, conservation, land use planning
and restoration(Wu, 2006) While remote sensing and GIS are extremely useful and relatively easy tools
for simplifying a complex landscape, there is the potential for error and uncertainty to muddy the results
of these tool§yMacEachren et al., 2005Any error introduced into the acquisin of landscape data will
compound throughout analyses and lead to inaccurate final ref@lfiegan & Ehlers, 2000)
Therefore, care must be taken to monitor and reduce error at every step of the process when
performing a landscape ecology analysis. This paper will address the areas where mnaiused
into landscape ecology methodologies and, through use of a case study, demonstrate steps that can be

taken to identify, visualize, and quantify this error and uncertainty.

A.3.21 Error and uncertainty

A.3.21.1 Types of Error

For our purposeswve will consider error as the quantifiable deviation of a value from the actual
value(MacEachren et al., 2005; McKenet al., 2015) Sources of error can be introduced through
equipment limitations, data or formatting mistakes, user error, or environmental factors that impede the

accuracy or precision of the wo(RiBiase, 2014; Wormley, 2010} is important © recognize the
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various types of error that can occur throughout the process, in order to minimize their effect within a

dataset.

A.3.21.2 Equipment error

Equipment error often occurs when working with data that is derived using some sort of
mechanical dvice, such as a Global Positioning System (GPS) device. Error in GPS devices can be
introduced in a number of ways, namely: if there is a discrepancy between the clock in the GPS receiver

and the satellite clock, if there are insufficient satellites ibh or t above one’s |l ocation,
atmospheric conditions affecting the signal as it travels between the satellites and the re@iB&se,

2014; Wormley, 2010)Most sources of equipment error are compensated for with ground stations that
calculate error corrections based on atmospheric conditions and clock drift, and transmit this

information to the satellites in order to reduce the error seen at the receiMsowever, some error still
occurs(DiBiase, 2014; Wormley, 20105 common type of error is multipath error, which refers to error

caused when objects on the groundchuas trees and buildings, interfere with the signal reaching the

GPS receiver. Multipath error can be minimized by placement of the GPS receiver. Despite best efforts,

error will ultimately, be present in your final GPS readings and steps should bettadqeantify this

error.

A.3.21.3 Data and formatting error

Data or formatting error occurs when data sets are being manipulated or altered in some way.
In landscape ecology, data error often occurs when converting from vector data to raster data or vi
versa(Choudhry & Morad, 1998 Vector data, which is comprised of points, lines, and polygons arranged
spatially, can be hidy accurate depending on the data source, as it can more precisely match the shape
of landscape features than rasterdqtaHe y wood et al . | 2 0.0The errd® inhenent Mar a,

to vector data is often in the form of geometric error, thatas;or in the creation of vector features that
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can disrupt analyses or misrepresent the portrayed featres 1 r r | Mara et al ., 2010;

1997) Errors, such as overlapping features or gaps between neighboring features or polygons that are
not entirely closed, can misrepresent the portrayed features and introduce @tdeywood et al., 2006;

Si1 rr 1 Mar aRasterdatal in contr@s ig @s)mple grid with cells of a certainhsizave only

one valug(Congalton, 1997; Heywood et al., 2008Jost remotely sensed data, such as satellite

imagery, is presented in raster format as the creation of rasters is easy to autornatpared with

vectors which often require more human inpi{@ongalton, 1997) Raster data is easy to ate and easy

to use, but it is often more generalized and results in a loss of detail that might be preserved if the data
was in vector formaet. al, 1996) The qualityf raster data is largely dependant on the size of the cells,
which in turn is dependant on the spatial resolution of the device used to create the raste(Glatzer

& Brunsdon, 1994)

In GIS, the common belief is that while vector data is of higher quality and provides a more
acarate representation of realvorld conditions, raster data is favoured for complex analyses because
raster files are smaller, simpler, and easier to pro¢€ssver & Brunsdon, 1994; Liao, Bai, & Bai, 2012;
Wade et al., 2003) Vector data, such as digitized aerial photography, may require conversion to raster
format for analysis. This means that data sets containing spatially arranged points, lines, and$olyg
will be converted to a celirid where each cell contains only one va{@®ngalton, 1997; Heywood et al.,
2006) This type of conversion dilutes the accuracy of the vector data, especially the shape of landscape
features(Carver & Brunsdon, 1994 Converting from raster to vector has varied results depending on
the raster cell size, but ultimately there will be some discrepancy between theestfape feature in
raster format and the shape in vector form@ongalton, 1997) Data conversion errolike equipment
error, is something that will be present and is quantifiable and, like equipment error, an awareness of

data and formatting error is important.

A.3.21.4 User error and environmental uncertainty
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User error and environmental error are rwiuharder to quantify and account for. As with any
process that involves human input, user error will always be present to a certain dgtakss &
Pronovost, 2006) Developing a simple, reliable, stefise protocol for all procedures carried out by
people helps to reduce user error and ensure sampling is carried out in the same way every time.
Environmental faars can introduce error which often leads to other sources of error, including clouds in
satellite imagery, or interference with a GPS signal. However, environmental factors often produce more
unquantifiable uncertainty than actual, quantifiable error.nN& error in measurements is easy to
define, quantify, and correct, uncertainty is far lesg/éacEachren et al., 2005Uncertainty refers to a
discrepancy between a measured value and the true value, which is not sufficiently clear or definable
(Van Leeuwen & Orr, 2006)Uncertainty is not objectively known and can be introduced either when
data is being collected or when data is being proce¢&ahegan & Ehlers, 2000; MacEachren et al.,
2005) It is often easy to conceptualize uncertainty but difficult to actually Gfyauncertainty as
uncertainty arises when the true value being measured is unkn@amegan & Ehlers, 2000; Van
Leeuwen & Orr, 2006)It is important to be aware of all types of error and uncertaimben planning
and carrying out an analysis, especially as landscape ecology is highly procedural work and error in an

earlier step can propagate and lead to increased error further on.

A.3.22.0 Error and uncertainty case study

A.3.22.1 Study design

The case study presented here focuses on a subset of wetlands located in the Prairie Pothole
Region (PPR) of Alberta. These wetlands are being visited as part of a larger project studying the
responses of vegetation communities in prairie pothole wetlandsuiman disturbance. Wetlands in the
Prairie Pothole Region (PPR) of Alberta were sampled over three years, and vegetation communities

were delineated and mapped in order to create GIS polygons for each wetland. These polygons were
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used to generate landspa metrics using FRAGSTATS to describe the characteristics of individual
vegetation communities in the broader landscape of the entire wetland. In this case study, | present
three wetlands that were sampled four times over the course of this project: on2é14, once in 2015,

and twice in 2016. The goal of this case study is to identify the sources of error and uncertainty
introduced throughout the sampling and analysis of these wetlands and, if possible, visualize or quantify
the error or uncertainty.Error is expected to be introduced through the device used to carry out the
mapping, the human technician carrying out the mapping, and the data conversion used while
manipulating the final data. Additionally, uncertainty is introduced as a result adritigonmental
characteristics of the wetland ecosystem, which leads to difficulty in clearly delineating vegetation

communities.

A.3.22.2 Field methods

Sampling of wetlands took place over two years
2014, aml 72 were sampled in 2015. Some wetlands were visited in both years; 24 of the 72 sites visited
in 2015 were retained from the 2014 sampling year
mapped during peak growing season (late July to August) to easateate identification of the
vegetation. For this case study, three of the revisit sites were visited again in 2016 and mapped twice

with a span of two weeks between visits.

The creation of wetland vegetation polygons was carried out in the fieldyusirSx Blue I+
GPS/GNSS receiver manufactured by Geneq Inc., a device worn in a backpack with a 1m telescopic
antenna. The receiver connects via Bluetooth to a Juno T41 handheld manufactured by Trimble. ArcPad
version 10.0 was installed on the handh#&ddcreate and edit vegetation polygons in the field. The
receiver connects to both American GPS satellites and Russian GLONASS satellites and can use a satellite

based augmentation system (SBAS) to reduce the error attributed with atmospheric intedeok
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drift and uncertainty in satellite position. While capable of using a Differential Global Navigation Satellite
System (DGNSS), there are no Differential Global Positioning System (DGPS) base stations within range of
our study area. The horizortaccuracy of the receiver is < 2.5m 2dRMS with 95% confidetic& X Bl u e
' + GNSS Techni c &Hhisvdle ib @tained bydaking'the &qlafe Sopt of the aweodg

the squared errors, then multiplying it by two to obtain twice the root mean square error, or 2dRMS.

What this means it that, while measuring a point, we are 95% sure that the true location lies within a

2.5m radius circle around our receiver.

Toassess the error of our mapping receiver in the field, | compared points recorded by the
Geneq device to a Leica CS15 GNSS system manufactured by Leica Geosystems. This system consists of a
handheld receiver unit (rover) and a stationary receiver (baatost). The base station is placed at a
known location such as a benchmark or other control point, while the rover is used to take the desired
readings. The base station is constantly taking readings of its own position while in constant contact
with the rover, so the base station knows its own position with high accuracy as well as the distance
between itself and the roveStevens, Smith, & Biancheti, 2012The error in the base station is
calculated as the difference between its readings and the pedoisation of the control point that the
base station is placed at. This error is used as a differential correction for all the measures taken by the
rover. The error of this device after differential correction is 10mm + 1ppm RMS with 65% probability
(“Leica CS10/CS15 & GS Thieletssus sawthatiwite meabliaing a pointwé 20 14
are 65% sure that the true location liesthin a circle of radius equal to 10mm + ¢kthe distance

between the rover and the base station).

To minimize the effect of user error a rigorous, steise protocol was created to ensure that
the same steps were followed each time a site was mappecddition, the same technician was used
for every site mapped to ensure consistency, and field notes and photos were taken to provide

supplementary information in the case of confusion in the data. For the 2016 sampling period, a two
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week gap was placduktween site visits to ensure that any trampled vegetation would be restored and
any paths made during the first visit would not
mapping. The vegetation polygons were createdituusing ArcPadersion 10.0 on the Trimble

handheld unit. As the technician walked the perimeter of each wettsgmblagethe Trimble created

a point every meter. Once the perimeter was completed, the points formed vertices for an enclosed
polygon which representethe vegetationassemblagéeing delineated. Given the inherent error in the

GPS receiver, and the general difficulties of walking through wetland terrain, the resulting polygons often
had small topology errors such as overlaps and sliver. A technicamied and corrected the errors in

each individual polygon to ensure that the topology error was removed before the data was converted

to raster format for subsequent analysis.

A.3.22.3 Prairie pothole wetlands and uncertainty

Uncertainty in this casstudy largely stems from the natural characteristics of the ecosystem
being studied, specifically the difficulty in distinguish@tsgemblagéoundaries. prairie pothole
wetlands are characterized by a distinct pattern of vegetation zond&ewart& Kantrud, 1971) This
pattern of zonation is a result of a change in the water level along a gradient within these wetlands
(Keddy, 1999; Seabloom & van der Valk, 200&hj)ch is the principal driver of vegetation comnity
establishment within these wetlandSeabloom & van der Valk, 2003#yetland vegetation is
characterized by its tolerance to wet conditions, with wetland obligate species occirrting wettest
conditions and a gradual transition to facultative wetland species in drier areas within the wetland until
finally transitioning to upland species at the wetland ed@mer, 1999) Thus we have an ecocline: a
series of heterogeneous vegetation communities that are foundgbohanging environmental
gradient(Attrill & Rundle, 2002) Given the transitional nature of vegetation communities observed

along ecoclines, the actual boundary between communities can be difficult to determine.
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When attempting to delineate the different vegetati@ssemblagewithin a wetland, the
transition area between communities can be highly mixed and an esaetmblagé&oundary is often
difficult to identify. This is further complicated by the presence of other ecological gradients besides the
hydrologic gradient, such as salinitvhich can have an effect on vegetation communif@EMA2014;
Keddy, 1999; van der Valk, 198 ther factors such as disturbance, laader attributes, and
interspecies competition also affect vegetation zonatj@alatowitsch et al., 2000; Keddy,989
Seabloom & van der Valk, 2003d)isturbance such as agriculture and cattle grazing often have a
physical impact on wetlands, as farming machinery and cattle are both capable of destroying vegetation.
In cases where wetland vegetation is affectedanyexternal disturbance that generates a highly
disrupted vegetation community, wetlands are more likely to be colonized by opportunistic plant
species, resulting in a vegetation community that is highly mixed. Since disturbance can make it harder
to diginguish the boundary of vegetation zones, there is increased uncertainty at sites thaa trdgieer

disturbance level.

A.3.22.4 Data formatting

The vegetation community polygons for each study year (2014, 2015, 2016) were merged
together to form oneshape file. The attribute table for this merged shapefile was exported and the
community names were compared with vegetation plot data to ensure the correct community names.
Once the community names were corrected, each community was assigned an vabgeas a
numeri cal I D and a master I|ist of numerical | D' s
and any new communities were added to the master list. These tables were then loaded into ArcMap
and joined with their correspondingyearsch e numer i c al I Ds could be copl
for the corresponding year. Finally, the merged shapefiles were separated into shapefiles for each site
using the Split by Attribute tool. Raster conversion was carried out usingsizeet 0.5 meters based

on the smallest polygons created in the field. Rasters were exported as a Tiff (.tif extension) and
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i mported into Fragstats in this format. The mast

delimited text file with an .fcd extenmin to be used as class descriptor table for Fragstats. A number of

metrics was generated using FRAGSTATS.

The FRAGSTATS program groups its metrics into 6 categories: Area/Edge, Shape, Core Area,
Contrast, Aggregation and Diversity at three differeniesgapatch, class and landscape. In context of
our work, the patch scale would refer to individual community polygons, the class scale would refer to all
polygons of the same community and the landscape scale would refer to the entire wetland. Since all
the study wetlands were visited and visually inspected, it was determined that the individual vegetation
community edge did not differ from the center of the vegetation community so no Core Area metrics
were generated as those metrics represent differenisesveen the Core Area and the edges of patches.
Given the relatively small size of our sites and the lack of discernable edge to each community patch, we

did not generate any contrast metrics as they look at patch contrast in terms of edge.

A.3.22.5Discussion

A.3.22.5.1 Determining equipment error

The error of the Geneq device was determined through a comparison with the Leica CS15
system. The Leica system was deployed at a field location with the base station placed at a prominent
point. The roveunit was then used to measure 59 different points through the area. These points were
taken at prominent field land marks (e.g. fence posts) that could be identified in imagery. At each point,
the Geneq unit was also used to measure the same pointighray us with two measures of each point.

The Euclidian distance was calculated between each point in the Geneq layer and the point in the Leica
layer that is closest to it using a search radius of 2.5 meters. The search radius was determined using the
error specifications for the Geneq device (2.5 meters) knowing that none of the sample points were

closer than 2.5 meters. The average distance between the device points was 0.87 meters which provides
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a Root Mean Square Error (RMSE) of 0.93 and a 2dRMSE6 ofieaning that the Geneq had a 95%

chance of having the actual point within a 1.86m radius circle around the measured point.

A.3.22.5.2 Data and formatting error

The polygons that were created in the field had a number of topology errors thaede®ede
corrected before any analyses could be carried out. The technician creating the polygons was able to
monitor their progress on the Trimble device, however certain topology errors occurred (Rigugd).

When smaller vegetation communities veepositioned entirely inside larger vegetation communities,

the polygon for the larger community often totally overlapped the smaller polygon. This meant that the
smaller polygon would need to be clipped out from thegerto get an accurate representati of the

wetland composition.Once all the topology corrections were made, the vector data could be converted
to raster. To minimize error, a cell size of 0.5m was used in the conversion. This size was chosen as it
corresponded with the smallest vegéitan community mapped. While a smaller esilte reduces error

in vectorto-raster conversion, there is still some error present. FiguBe22 shows the original vector

data over laid on the raster conversion. There is a noticeable difference ipgearnce of the

a)

b) / <)

FigureA.3.21: Examples of common topology errors obserie polygon creation including a) loops, b) slivers
between adjacent polygons and c) switchbacks.
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communities, specifically along the edges and the differences in the area and perimeter values can be
seen in tableA.3.21. Since we did not measure the actual area of the vegetation communities while we
were in the field, we do not havtee known area values from which we could calculate the error created
in the vectorto-raster conversion. Instead we can acknowledge that some error is present by visualizing

the error seen in the conversion process.

0 25 50 100 Meters

Figure A.3.2.20verlay of original vector map on top of the resulting raster conversion. The most noticeable
changes being the jagged quality to the ed@f the raster map.
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Table A.3.2.1A comparison oftie perimeter (m) and area (m?2) values of the same map in vector and
converted to raster.

. Site Perimeter (m) Area (m2)
Community
Code Vector Raster Vector Raster
gccirsarv cd_67 297 202 598 594
ne-beckman cd_67 8 10 3 4
ne-careath cd 67 29 38 28 29
ne-poa cd_67 15 12 14 14
ts-salixspp cd_67 128 162 339 340

A.3.22.5.3 User error and uncertainty

Human factors contributing to error and uncertainty can be seen as errors in polygon creation,
and uncertainty in delineation. It is important to rembéer that wetlands are not always easy to
navigate on foot. Wetlands are often hummocky, plagued by deadfall and are generally difficult to walk
through. The easiest user errors to detect are those caused by accidents in the field, such as the tech
stumbing and accidentally inserting a point in the map being created F§@3. Errors such as
these are easily remedied in the topology correction step. User uncertainty in delineation cannot be
remedied, instead it introduces a factor of uncertaini/e can compare the maps made two weeks
apart in the 2016 field season to get a better glimpse at the impact of user interpretation on delineation
as the vegetation should not have changed much in two weeks. In #g8r24 we can see that there
are noiceable differences between the maps created two weeks apart. Many polygons have similar
shape, but the shapes are not exact between both visits. TaBI22 shows the magnitude of the
difference in the area and perimeter values between the two sii&hile user interpretation does play a
role, we know that natural factors also play a role, despite the relatively short time between visits. For
the example shown in figur&.3.2.4 the technician observed that on the second visit the community of
“ nleec k maBeckmania syzigachhe was noti ceably di minished and en

c i r sGrsium"arvghgeThe lack of moisture throughout the summer meant that Baesyzigachne
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community, a wetland obligate species, was shrinking and thigrdiice was noticeable after two
weeks. Any other differences, however, were due to interpretation errors on the part of the technician

resulting from uncertainty in delineating community boundaries.

A.3.22.6 Conclusion

Landscape ecology is an extresnakeful tool for landscape management, conservation and
restoration, but, as we have seen, error and uncertainty are present at many different levels in the
process. The case study presented here highlights some of the common sources of error andniyicerta
that occur when using spatial data. Some error, such as device error, is quantifiable while other error
sources can only be visualized and not quantified. It is also important to know the characteristics of the
landscape being studied and how thaillinfluence error and uncertainty. In our case study, the Prairie
Pothole Region has dynamic characteristics, such as a varying hydrological regime, that leads to relatively
rapid changes in the measured wetland communities over a short period of #mewing this, we can
frame our uncertainty against the natural variability that we have observed for this ecosystem to better
inform error and uncertainty estimates. Regardless of the ecosystem being examined, awareness of
error and uncertainty is impoaint both before analysis, so steps can be taken to reduce error, and after
analysis, so the quality of the final results can be interpreted with an understanding of the amount of
error and uncertainty involved in the work. This provides a more accuragegdrétation of landscape

level measurements.
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Figure A.3.2.3An example of a usermr when creating the polygons. Accidentally brushing against the tol
screen of the Trimble unit can drop a wayward point creating exaggerated errors.
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Figure A.3.2.4A comparison of polygon made for one site mapped two weeks apart in August 2016. The map on th
was created first and the map on the right was created two weeks later.
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Table A.3.2: A comparison of the perimeter (m) and area (m?) values of maps made of the same site on
two separate visits, two weeks apatrt.

. Site Perimeter (m) Area (m?)
Community . . - .
Code visit 1 Visit 2 Visitl  Visit 2
gccirsarv cd_67 296.7 267.1 597.8 577.1
ne-beckman cd_67 7.9 7.2 3.4 1.9
ne-careath cd 67 29.3 39.5 27.9 26.8
ne-poa cd_67 14.8 20.4 13.9 25.8
ts-salixspp cd_67 128.0 120.9 338.9 318.7
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Appendix 3.3: List of all wetland assemblagyges considered for analysis and their raster

identification code.

Table A.3.3.1All vegetation growth forms from the Ontario Wetland Evaluation System used in
vegetation assemblage classification.

Code Description Criteria
h deciduous trees > 6 m tall This is dominant if > 25% cove!
c coniferous trees > 6 m tall This is dominant if > 25% cove!
dh dead trees > 6 m tall This is dominant if > 10% total
cover
ts tall shrubs (1-6 m tall) This is dominant if > 25% cove!
Is low shrubs (< 1 m tall) Thisis dominant if > 25% cover
ds dead shrubs (< 6m tall) This is dominant if > 25% cove
re robust emergents (rushes and This is dominant if > 25% cove!
cattails)
be broad-leaved emergents This isdominant if > 25% cover
(Sagittaria cuneata, Calla Lily,
Alisma plantago-aquatica)
ne narrow-leaved emergents This is dominant if > 25% cove!
(sedges and grasses)
gc ground cover (herbaceous This is dominant if > 25% cove!
broad leafed veQ)
f rooted floating vegetation (water  This is dominant if > 25% cove!
lilies, Potamogeton natans,
Polygonum amphibium)
ff free-floating, not rooted in the This is dominant if > 25% cove
sediment (Lemna spp., Wolfia
spp., Ricciocarpus natans)
su submergent (Ceratophyllum This isdominant if > 25% cover
demersum, Myriophyllum spp.
most Potamogetons)
m moss This is dominant if > 25% cove!
u unvegetated (sand, mud flat) This is dominant if > 25% cove!
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Table A.3.3.2Cover classes and their corresponding raster ID codes

Cover Class Assemblage Name  Dominant Cover Raster ID
be-alisma Alisma triviale 1
Broadleaved emergent be-callpal Calla palustris 2
be-hippuris Hippuris vulgaris 3
Standing dead dh-standingdead Standing dead 4
gcbidens Bidens cernua 5
gcchenalb Chenopodium album 6
gcequisetum Equsetumspp. 7
gcmentha Mentha arvensis 8
gcpetasites Petasites frigidus 9
gcplascoul Plagiobothrys scouleri 10
gcpolygonum Polygonunspp. 11
gcpolylap Persicaria lapathifolia 12
gcpoteanser Potentilla anserina 13
Ground cover
gcranunc Ranunculuspp. 14
gcrumintro Non-native Rumexspp. 15
gcrumnative Native Rumex spp. 16
gcsalicornia Salicornia rubra 17
gcsolidago Solidago altissima 18
Dominant weedy specie
including: Sonchus spp. 19
Cirsium arvense,
gcweedy Taraxacum officinale
Trees h-populus Populus tremuloides 20
Moss M-moss Moss 21
ne-agrscabr Agrostis scabra 22
Calamagrostis 23
ne-calcan canadensis
Any Carexspecies not
given their own cover 24
Narrowleaved ne-carexspp class
emergent ne-carsychn Carex sychnophala 25
ne-descesp Deschampsia cespitosa 26
ne-eleoacic Eleocharis acicularis 27
Eleocharispp. notE. o8
ne-eleoch acicularis
ne-elyrepen Elymus repens 29
ne-elytrach Elymus trachycaulus 30
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Cover Class

Assemblage Name

Dominant Cover

Raster ID

Any grass species not

given their own cover 31
ne-grassspp class
ne-hordjub Hordeum jubatum 32
ne-junchal Juncus balticus 33
AnyJuncusspecies notl. 34
ne-juncus balticus
ObligateCarex species
including:C. atherodes, 35
C. pelli, C. retrosoa, C.
Narrow-leaved ne-oblcarex utriculata
emergent . .
Obligate grass species
including:Beckmania
syzigachne, Alopecurus 36
aequalis, Scolochloa
ne-oblgrass festucacea
ne-phalaru Phalarius arundinacea 37
ne-phleum Phleum pratense 38
ne-poa Poa spp. 39
ne-poapal Poa palustris 40
ne-poaprate Poa pratensis 41
ne-scirpun Schoenoplectus punger 42
ne-sparaganium Sparganium spp. 43
Any bullrush species no 44
re-scirpus given its own cover clas
Robust emergent Schoenoplectus 45
re-scirp\al tabernaemontani
re-typha Typha latifolia 46
Tall shrubs ts-salix Salixspp. 47
u-aquamoss Aquatic moss 48
u-bareground Bare ground 49
Unvegetated u-crop Agricultural cultivars 50
Exposed, saturated 51
u-drawdown sediment
u-openwater Open water 52
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Appendix 3.4: Edge contrasts based on vegetation growth form.

Edge contrasts are presented here as a matrix of comparisons based on foomth The growth forms were created based on the observed average
difference in heightbetween cover classes with the intent that edge difference was of primary importance for fauna within the wetland. Smaller
values indicate a similarity between the habitat height while larger values indicate a difference in height.

Broadleaved Standing Ground Narrowleaved Robust
emergent dead cover Trees Moss emergent emergent Shrubs Unvegetated
Broadleaved 0 0.7 0.2 0.8 0.2 0.4 0.6 0.7 0.3
emergent
Standing dead 0.7 0 0.4 0.1 0.7 0.3 0.2 0.1 0.8
Groundcover 0.2 04 0 04 0.2 0.1 0.3 0.5 0.3
Trees 0.8 0.1 0.4 0 0.9 0.6 0.4 0.2 1
Moss 0.2 0.7 0.2 0.9 0 0.3 0.4 0.7 0.1
Narrowleaved 0.4 0.3 0.1 0.6 0.3 0 0.2 0.3 0.4
emergent
Robust 0.6 0.2 0.3 0.4 0.4 0.2 0 0.2 0.6
emergent
Shrubs 0.7 0.1 0.5 0.2 0.7 0.3 0.2 0 0.8
Unvegetated 0.3 0.8 0.3 1 0.1 0.4 0.6 0.8 0
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Appendix 3.5: Fragstats metric choices for class and landscape level

Table A.3.5.1FRAGSTATIass metrics choserfor spatial MMI creation

Class Metricei=23

Metric Type Metric Code Description
Area/Edge Total Area CAITA Sum of the geas of all patches of the same class
Sum of the areas of all patches of the same class
Percentage of divided by the total landscape area (proportional
Area/Edge the Landscape PLAND abundance)
Largest Patch Percentage of the landscapovered by the largest
Area/Edge Index LPI patch
Sum of the lengths of all edge segments for each
Area/Edge Total Edge TE patch type
Sum of the lengths of all edge segments for each
Area/Edge Edge Density ED patch type divided by the total landscape area
Core Area TotalCore Area TCA Sum ofcore areas of each patch of patch type
Core Area
Percentage of Sum of core areas for each patch divided by the
Core Area Landscape CPLAND total landscape area
Number of
Disjunct Core Number of disjunct core areasontained within
Core Area Areas NDCA each patch of the corresponding type
Disjunct Core Sum of the diginct core areas contained within
Core Area Area Density DCAD each patch type divided by total landscape area
Contrast Sum of the lendts of each edge segment per patc
Weighted Edge type, multiplied by the corresponding contrast
Contrast Density CWED weight divided by total landscape area
Sum of the lengths of each edge segment per pat
type, multiplied by the corresponding conttas
Total Edge weight divided the lengths of all edge edges of the
Contrast Contrast Index TECI same type
Sum of the length of each unique edge type
involving the corresponding patch type divided by
Interspersion the total length of edge involving the sarygpe,
and multiplied by the logarithm of the same quantity
Juxtaposition summed over each unique edggpe divided by the
Aggregation Index 11 logarithm of the number of patch types minus 1
Number of like adjacencies involving the focal cla
Percentage of divided by the total number of cell adjacencies
Aggregation Like Adjacencies PLADJ involving the focal class
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Class Metricei=23

Metric Type Metric Code Description
Number of like adjacencies involving the
corresponding class, divided by the maximum
Aggregation possible number of like adjacencies involving the
Aggregation Index Al corresponding lass.
Proportional deviation of the proportion of like
Clumpiness adjacencies involving the corresponding class frol
Aggregation Index CLUMPY that expected under a spatially random distributio
0.25 the sum oflte entire landscape boundary anc
all edge segments within the landscape boundary
Landscape involving the corresponding patch type divided by
Aggregation Shape Index LSl the square root of the total landscape area
Total length of edge of the cesponding class
Normalized given in number of cell surfaces minus the minimt
Landscape length of class edge possible for a maximally
Aggregation Shape Index NLSI aggregated class
1 minus the sum of patch perimeter divided by the
sum of patch perimeter times ghsquare root of
Patch Cohesion patch area divided by 1 minus 1 over the square
Aggregation Index COHESIOI root of the total number of cells in the landscape
Number of
Aggregation Patches NP Number of patches of the corresponding type
Number of patches of the corrpending type
Aggregation Patch Density PD divided by the total landscape area
1 minus the sum of patch area divided by total
Landscape landscape area, quantity squared, summed acros
Aggregation Division Index  DIVISION all patches of the corresponding patch type
Total landscape area squared divided by the sum
patch area squared summed across all patches o
Aggregation Splitting Index  SPLIT the corresponding patch type
um of patch area squared, summed across all
Effective Mesh patches of the correspondg patch type, divided by
Aggregation Size MESH total landscape area
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Table A.3.5.2FRAGSTATS landscape metrics chosen for spatiatrgidibn

Landscape Metrica=29

Metric Type Metric Code Description
Area/Edge Total Area TA Total area of the landscape
Area of the largest patch in the landscape
Area/Edge Largest Patch Index  LPI divided by the total landscape area
Sum of the lengths of all edge segments in t
Area/Edge Total Edge TE landscape
Sum of the lengths of all edge segments in t
Area/Edge Edge Density ED landscape divided by the total landscape art
Core Area Total Core Area TCA Sum of core area of each patch
Number of Disjunct Sum of the number of disjunct core areas
Core Area Core Areas NDCA contained within each patch in the landscap
Sum of the number of disjunct core areas
Disjurct Core Area contained within each patch in the landscap
Core Area Density DCAD divided by total landscape area
Sum of the lengths of each edge segment ir
ContrastWeighted the landscape multiplie by the contrast
Contrast Edge Density CWED weight divided by the total landscape area
Sum of the lengths of each edge segment ir
the landscape multiplied by the contrast
Total Edge Contrast weight divided by the total length of edge in
Contrast Index TECI the landscape
Minus the sum of the proportional abundanc
of each patch type multiplied by the
proportion of adjacencies between cells of
that patch type and another patch type,
multiplied by the logarithm of the same
gquantity summed over eacdhnique adjacency
type and each patch type, divided by 2 time:
Aggregain Contagion Index CONTAG the logarithm of the number of patch types.
Sum of the length of each unique edge type
divided by the total landscape edge,
multiplied bythe logarithm of the same
quantity summed over each unique eddest
Interspersion and divided by the logatihhm of the number of
Aggregation Juxtaposition Index  1JI patch types minus 1, divided by 2
Sum of the number of like adjacencies for
Percentage of Like each patch type, dided by the total number
Aggregation Adjacencies PLADJ of cell adjacencies in the landscape
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Landscape Metrica=29

Metric Type Metric Code Description
Number of like adjacencies involving the
corresponding class, divided by the max
possible number of like adjacencies involvin
the corresponding class, suned over all
Aggregation Aggregation Index Al classes
0.25 times the sum of the entire landscape
boundary and all edge segments within the
Landscape Shape landscape boundary divided by the square
Aggregation Index LSI root of the total landscape area.
1 minus the sum of patch perimeter divided
by the sum of patch perimeter times the
square root of patch area for all patches in t
landscape divided by 1 minus 1 over the
square root of the total number of cells in th
Aggregation Patch Cohesion Inde: GOHESION landscape
Equals the number of patches in the
Aggregation Numbe of Patches NP landscape
Number of patches in the landscape divided
Aggregation Patch Density PD by total landscape area
1 minus the sum of patch area divided by to
Landscape Division landscape area, quantity squared, summed
Aggregation Index DIVISION across all patches in the landscape
total landscape area squared, divided by the
sum of patch area squared, summed across
Aggregation Splitting Index SPLIT patches in the landscape
1 divided by total landscape area, multiplied
by the sum patch area squared, summed
Aggregation Effective Mesh Sz MESH across all patches in the landscape
Number of different patch types present in
Diversity Patch Richness PR the landscape
Patch Richness Numbe of different patch types present in
Diversity Density PRD the landscape divided by total landscape art
Number of different patch types present
within the landscape boundary divided by th
Relative Patch maximum potential number of patch types
Diversity Richness RPR specifie by the user
minus the sum across all patch types of the
Shannon's Diversity proportional abundance of each patch type
Diversity Index SHDI multiplied by that proportion
1 minus the sum, across all patches, & th
Simpson's Diversity proportional abundance of each patch type
Diversity Index SIDI squared
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Landscape Metrica=29
Metric Type Metric Code

Description

Modified Simpson's
Diversity Diversity Index MSIDI

Shannon's Evenness
Diversity Index SHEI

Simpson's Evenness
Diversity Index SIE|

Maodified Simpson's
Diversity Evenness Index MSIEI

minus the log of the sum, across all patch
types, of the proportional abundance of eacl
patch type squared

minus the sum, across all patch types, of the
proportional abundance of each patch type
multiplied by that proportion divided by the
log d the number of patch types.

1 minus the sum, across all patches, of the
proportional abundance of each patch type
squared, divided by 1 minus the number of
patch types

minus the log of the sum, across all patch
types, of the proportional abundance of eacl
patch type squared, dided by the Ig of the
number of patch types
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Appendix 3.6: All metrics with sufficient range (i.e., |95ercentile ¢ 5" percentile| > 0) that
differed significantly between low and high disturbance sites.

Metric U-statistic  p-value
ne.oblcarex_DCAD 37.5 0.0065
ne.oblcarex_NLSI 37.5 0.0065
ne.oblcarex_NP 38.5 0.0077
ne.oblcarex_ NDCA 38.5 0.0077
ne.oblcarex_PD 38.5 0.0077
ne.oblcarex_LSI 39.5 0.0092
LSI_Land 37.0 0.0140
ne.oblcarex_ED 425 0.0151
ts.salix_NP 52.0 0.0170
ts.salix_CA 52.0 0.0171
ts.salix_PLAND 52.0 0.0171
ts.salix_PD 52.0 0.0171
ts.salix_LPI 52.0 0.0171
ts.salix TE 52.0 0.0171
ts.salix_ED 52.0 0.0171
ts.salix_LSI 52.0 0.0171
ts.salix_TCA 52.0 0.0171
ts.salix_CPLAND 52.0 0.0171
ts.salix_NDCA 52.0 0.0171
ts.salix_DCAD 520 0.0171
ts.salix. CWED 52.0 0.0171
ts.salix_TECI 52.0 0.0171
ts.salix_CLUMPY 52.0 0.0171
ts.salix_PLADJ 52.0 0.0171
ts.salix_IJI 52.0 0.0171
ts.salix_COHESION 52.0 0.0171
ts.salix_DIVISION 52.0 0.0171
ts.salix_MESH 52.0 0.0171
ts.salix_SPLIT 52.0 0.0171
ts.salix_Al 52.0 0.0171
ts.salix_NLSI 52.0 0.0171
ne.oblcarex_DIVISION 435 0.0177
ne.oblcarex_TE 435 0.0178
ne.oblcarex_SPLIT 43.5 0.0178
ne.oblcarex_CA 455 0.0242
ne.oblcarex_TCA 45,5 0.0242
ne.oblcarex_MESH 47.5 0.0325
ne.oblcarex_PLMD 47.5 0.0326
ne.oblcarex_LPI 47.5 0.0326
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Metric U-statistic ~ p-value
ne.oblcarex CPLAND 47.5 0.0326
ne.oblcarex_I1JI 48.5 0.0377
ne.oblcarex_ PLADJ 495 0.0434
ne.oblcarex_COHESION 495 0.0434
ne.oblcarex_ CWED 51.0 0.0463
NDCA_Land 45.5 0.0480
Al_Land 122.0 0.0568
ne.oblcarex_TECI 53.0 0.0612
ne.oblcarex_ CLUMPY 53.5 0.0742
ne.oblcarex_Al 53.5 0.0742
TE_Land 50.0 0.0811
be.alisma_CA 97.5 0.1655
be.alisma_PLAND 97.5 0.1655
be.alisma_NP 97.5 0.1655
be.alisma_PD 97.5 0.1655
be.alisma_LPI 97.5 0.1655
be.alisma_ TE 97.5 0.1655
be.alisma_ED 97.5 0.1655
be.alisma_LSI 97.5 0.1655
be.alisma_TCA 97.5 0.1655
be.alisma_CPLAND 97.5 0.1655
be.alisma_NDCA 97.5 0.1655
be.alisma_DCAD 97.5 0.1655
be.alisma_CWED 97.5 0.1655
be.alisma_TECI 97.5 0.1655
be.alisma_CLUMPY 97.5 0.1655
be.alisma_PLADJ 97.5 0.1655
be.alisma_1JI 97.5 0.1655
be.alisma_COHESION 97.5 0.1655
be.alisma_DIVISION 97.5 0.1655
be.alisma MESH 97.5 0.1655
be.alisma_SPLIT 97.5 0.1655
be.alisma_Al 97.5 0.1655
be.alisma_NLSI 97.5 0.1655
ED_Land 57.0 0.1690
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Appendix 3.7: Fifth and ninetjifth percentiles for all significant metrics. Note that the range
test required the calculation of the 8 and 93" percentiles for each metric.

Metric 5th Percentile 95th Percentile
be.alisma_CA 0.0 0.0
be.alisma_PLAND 0.0 2.1
be.alisma_NP 0.0 0.3
be.alisma_PD 0.0 11.8
be.alisma_LPI 0.0 2.1
be.alisma TE 0.0 26.9
be.alisma_ED 0.0 78.4
be.alisma_LSI 0.0 0.5
be.alisma_TCA 0.0 0.0
be.alisma CPLAND 0.0 1.3
be.alisma_NDCA 0.0 0.3
be.alisma_DCAD 0.0 101.8
be.alismaCWED 0.0 49.4
be.alisma_TECI 0.0 10.1
be.alisma_CLUMPY 0.0 0.3
be.alisma_ PLADJ 0.0 33.4
be.alisma_|JI 0.0 7.3
be.alisma_COHESION 0.0 34.1
be.alisma_DIVISION 0.0 0.3
be.alisma MESH 0.0 0.0
be.alisma_SPLIT 0.0 2.5
be.alisma_Al 0.0 33.8
be.alisma_NLSI 0.0 0.0
ne.oblcarex_CA 0.0 0.7
ne.oblcarex PLAND 0.0 98.1
ne.oblcarex_NP 0.0 11.7
ne.oblcarex_PD 0.0 2268.0
ne.oblcarex_LPI 0.0 98.1
ne.oblcarex_TE 0.0 1582.9
ne.oblcarex_ED 0.0 2301.9
ne.oblcarex_LSI 0.0 6.4
ne.oblcarex_TCA 0.0 0.5
ne.oblcarex_CPLAND 0.0 82.2
ne.oblcarex_NDCA 0.0 18.8
ne.oblcarex_DCAD 0.0 3049.4
ne.oblcarex_ CWED 0.0 689.9
ne.oblcarex_TECI 0.0 40.0
ne.oblcarex_ CLUMPY 0.0 1.0
ne.oblcarex_PLADJ 0.0 98.7
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Metric

5th Percentile

95th Percentile

ne.oblcarex_I1JI

ne.oblcarex COHESIC
ne.oblcarex_DIVISION

ne.oblcarex_MESH
ne.oblcarex_SPLIT
ne.oblcarex_Al
ne.oblcarex_NLSI
ts.salix_CA
ts.salix_PLAND
ts.salix_NP
ts.salix_PD
ts.salix_LPI
ts.sdix_TE
ts.salix_ED
ts.salix_LSI
ts.salix_TCA
ts.salix_CPLAND
ts.salix_NDCA
ts.salix_ DCAD
ts.salix_CWED
ts.salix_TECI
ts.salix_CLUMPY
ts.salix_PLADJ
ts.salix_IJI
ts.salix_COHESION
ts.salix_DIVISION
ts.salix_MESH
ts.salix_SPLIT
ts.salix_Al
ts.salix_NLSI

TE Land
ED_Land

LSl Land

NDCA Land

Al _Land

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
176.9
918.6
13
1.0
93.0

95.3
100.0
1.0
0.5
7190.3
99.6
0.5
0.2
57.6
8.7
3131.6
36.4
773.7
2185.2
4.9
0.2
29.4
11.7
3687.0
1136.7
61.5
1.0
96.2
77.5
99.1
1.0
0.1
5434.4
97.7
0.1
3272.8
4666.7
6.5
43.4
99.8
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Appendix 3.8Relationship with top spatial metrics and wetland area.

Table3.8-1:Metrics from the best 4netric spatial MMI and their relationship to wetland area.

Metric Relationship with Metric Group  Relationship with Area

Disturbance
Total edge of Negative Area/Edge Some constraint of low values to
obligateCarexspp. smaller wetlands.
SPLIT of obligate  Negative Aggregation  No discernable relationship with area
Carexspp.
Edge density of Negative Area/Edge Some constraint of high values to
Salixspp. smaller wetlands.
Aggregation index Positive Aggregation  No discernable relationship with area

of the wetland

Table3.8-2: Metrics from the best @netric smtial MMI and their relationship to wetland area.

Metric Relationship with Metric Group  Relationship with Area

Disturbance

Percentage of the Negative
landscape occupie(
by obligateCarex

SPLIT of obligat
Carexspp.

Negative

Landscape shape Positive
index forAlisma
triviale

Contrastweighted Negative
edge density of
Salixspp.

Total edge of the
wetland

Negative

Aggregation index Positive
of the wetland

Area/Edge

Aggregation

Aggregation

Contrast

Area/Edge

Aggregation

No discernable relationship with area

No discernable relationship with area

No discernable relationship with area

Some constrait of high values to
smaller wetlands.

Strong relationship with area.

No discernable relationship with area
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Table3.8-3: Metrics from the best 8netric spatial MMI and their relationship with area.

Metric

Relationship with Metric Group  Relationship with Area
Disturbance

Total edge contrast
for obligateCarex

SPLIT of obligate
Carexspp.

Division index for
Alisma triviale

Disjunct core area
density of obligate
Carex

Effective mesh size
of obligateCarex

Landscape shape
index ofSalixspp.

Landscape shape
index of the
wetland

Aggregation index
of the wetland

Negative Contrast No discernable relationship with area
Negative Aggregation  No discernable relationship with area
Positive Aggregation  No discernable relationship with area
Negative Core Area Sone constraint of high values to

smaller wetlands.
Negative Aggregation  Some constraint of high values to
smaller wetlands.

Negative Aggregation  Some constraint of high values to
smaller wetlands.

Negative Aggregation  No discernable relationship with area

Positive Aggregation  No discernable relationship with area
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Figure3: Plots of obligat€arexspp. total edge metric values (left
and metric scores (right) versus wetland area in meters square
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Obligate Carex Percentage of the

Obligate Carex Effective Mesh Size

Obligate Carex Total Edge Contras

Index Values

Landscape Values

Wetland Area (m?2)

Wetland Area (m?)

Figure 6Plots of obligateCarexspp.effective mesh sizenetric values (left
and metric scores (right) versus wetland area in meters sqlare
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Figure8: Plots of obligateCarexspp.disjunct core area densityetric values
(left) and metric scores (right) versus wetland area in meters squared.
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Figure9: Plots ofSalixspp.edge densitynetric values (left) and
metric scores (right) versus wetland area in meters squared.
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FigurelO: Plots ofSalixspp.contrastweightededge densitynetric values
(left) and metric scores (right) versus wetland area in meters squared
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Figure 11Plots ofSalixspp.landscape shape indewretric values (left) an
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Figurel2: Plots oftotal edge for the entire wetlandnetric values (left) an
metric scores (right) versus wetland area in meters squared.
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Figurel4: Plots ofaggregation index for the entire wetlamdetric
values (left) and metric scores (right) versus wetland area in
meters squared.
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