Search and rescue: detection and mitigation of rare vascular plant species

by

Jacqueline Marie Dennett

A thesis submitted in partial fulfilment of the requiremedotsthe degree of

Doctor of Philosophy
in

Conservation Biology

Department of Renewable Resources
University of Alberta

© Jacqueline Marie Denne2018



Abstract

Understanding where and when populations occur is thesfegtto conservation and

maintenance of biodiversity. Where human larsé overlaps with populations of conservation
concern, population loss may occur, potentially reducing-teng persistence of species,
particularly for those that are rare. Understagdhe relationship between lande change and
extirpation is therefore essential to guiding conservation, but this can only be achieved through
well-designed surveys and monitoring programs. One key aspect of surveys that is often
overlooked is the abil to accurately and consistently detect populations, while the success of
mitigation practices depends on a clear understanding of what techniques will best ensure the
longevity of a given population. In this thesis, | examined factors that affectidetect

extirpation of historic populations, and the efficacy of mitigative translocations for rare vascular
plants in the oil sands region of Alberta. First, | used two field experiments to better understand
and test the effects of scalei(2500 nf), abundanceplant density, and observer experience on
detection rates of rare plants in forested systems. Scakbandancevere the most important
determinants of detection for plbased surveys, whereas previous experience of the observer
had limitedinfluence. Plants at low abundance often went unrecorded in large plots (>3000 m
even when they were morphologically distinct or flowering. Second, | focused on graminoids
and usedCarex(sedges) as a modgidoupto examine how forest structure and nfaiogy
affecteddetection success for this notoriously challenging group. | found that graminoids were
not any less likely to be detected in field surveys than other gifowtis, butgreaterifferences
between observers were most relatedigimergroundcover of forbs and short shrubs. Exploring
factors that further affect detection fGarex | found that detection failures were related to local

abundance (cover), species morphology, and vegetation cover. In contrast, detection delays of



Carexwere lesgelated to morphology, suggesting thatptic speciesire likely to go unnoticed

where they are present, even with careful searching. Third, | examined the relationship between
oil and gas footprint and persistence of rare plant populations in nortine&kierta by

revisiting historical populations across a range of footprint types. | found no correlation between
the amount of surroundingl and gas footprint and extirpation of fieldsited populations,

suggesting either adjacent development podésthireat oithere exist@&n unpaid extinction

debt. Fourth, I conducted experimental translocations for two rare peatland species and
monitored their growth and survival over three years. | found high survival across different types
of recipient sites,gygesting this technique may be quite suitable for many peatland species,
especiallySarracenia purpureaHowever, poor growth and evidence of stuntinGarex
oligospermastresses the importance of conducting translocation with species whose ecology is
well understood. When the niche of a species is poorly understood, use of an experimental
approach to translocations with detailed monitoring is needed to assess the efficacy of this
practice. Key conservation issues within the oil sands area continua tadieof consistency in
methodology and public reporting for surveys and mitigation. The experiments conducted for

this thesis serve to improve our knowledge around rare plant survey practices, rates of population
persistence, mitigative efforts, and radoroadly contribute to the development of best practices

and guidelines for plant conservation within this rapidly changingregibn Canadadés bor e

forest
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Chapter 1: Introduction

The idea that most species are rare is well recognized by ecologists. This reflects observations
across systems and geographic areas that relatively few species dominate sites with the majority
occurring at low abundan¢@/hittaker 1972)In addition to local patterns in abundance where

most species are rare, the distribution of most species ranges aréGastdh 2003)Broadly

speaking, rarity is product of evolutionary and ecological history, species traits, and our present
understanding of species distribution and abundance in time and(Kpaoe & Gasbn 1997;

Murray et al. 2002; Hartley & Kunin 2003Pne wellaccepted approach to defining rarity is to
partition species along axes of abundance and rangésiaan & Gaston 1997ith
Rabinowitzds approach addi (Rapincaitztetrali 1986)na xi s o f
addition to ecological definitions of rarity,
conservation status, one of potential concern, which can prompt management actions or convey
legal implicationgKunin & Gaston 1997; Master et al. 201%) Canada, the provincial

conservation status for plants is determined using NatureServe methods, which in practice often
reflects the abundanggeographic range approa@iaster et al. 2012)

Overall, diversity and raritgrelow at higher latitudes withhe boreal forest represerg
anextreme in the diversitiatitude relationshigLessa et al. 20037 his partly reflecs this
regionhavingbeenglaciated irrecent ice agesand endemism isncommon (but see species of
the Athabasca Sand Plgiramb& Guedo 2012). Indeed,a large proportion of boreal species
that are locallyconsidered rareftenhave wide geographic rangasdaremoreabundant in
otherregionsof Canadaor the United Statedershaw et al. 2001 herefore, gecies 6
conservation concern places likeAlbertaareoftenperipherapopulationghatreach their

northernand westermange limits inC a n a Hoeeél fores{Kershaw et al. 2001)here are



many compelling reasons to conserve sygeateheir range edges, including conservation of
novel genegHunter & Hutchinson 1994 Although range edge populations may have reduced
genetic diversity relative to ceatrones, they also more often show greater differentiation
(Eckert et al. 2008)potentiallyrepresentingdaptations which could be advantageous in a
changing climate. More so, local conservation follows a land @tkmpold 1949and
underscorethe importance of collective effort in maintaining biodiversityoasrour landscapes.
Therefore, species considered rare within a given jurisdiction are of both ecological and social
significance.

An important consideration in the conservation of rare spexibsir reasons for being
rare in the first place, which aodéten poorly understoo(Kunin & Gaston 199y Attributes such
as small geographic ranges, small population sizes, high habéeificity, or lifehistory traits
such as low fecundity and poor dispersalse rarity, but can also act to create feedback loops
thatfurtherpromote rarityKunin & Gaston 1997; Bevill & Louda 1999Rare species areore
prone to extirpation through stochastic processes and are therefore of greater conservation
concern than common on@éunin & Gaston 1997; Bevill & Louda 1999; Murray et al. 2002)
Loss of individuals or populations can veg genetic diversity, connectivity between meta
populations, and reduce the overall range and abundance of species, all of which may increase
extirpation rates. Because rare species are already vulnerable to population losses, further loss
attributed toanduse changenay be detrimental to their persisterig¢ehlik et al. 2007)n the
boreal forest of Alberta, rapid land use change resulting from oil and gas extraction has caused
loss, alteration, and fragmentatiohhabitat§ Rooney et al. 2012; Dabros et al. 201B3cause
this development is ongoing, it is important to accurately gauge the current conservation status,

distribution, and abundance of rapesies which occupy this region. Currently, the rate of loss



of vascular plant populations to oil and gas development is unknown. Obtaining widespread,
guality predisturbance information or baseline data around rare species is challenging. Where
these dat are available, it is possible to track population losses and determinensigis
between land use changed extirpatior(Stehlik et al. 2007; Dolan et al. 201&mong other
applicationssuch as speciedistribution modeling and determining landscape patterns in
diversity and rarity.

Historically, survey effort within the oil and gas regfonvascular planthas been low,
due in part to large are#izatareinaccessible via road and lanover types which are difficult to
traverse. Survey effort has increased in recent decades deedt@sied access from linear
features (e.groads, seismic lines), and through mandatory vascular plant surveys conducted as
partofpredi st ur bance assessments ( RAD&taBnergyf or oi |
Regulator 2014)These surveys are undertaken prior to development and play an important role
in plant conservatioand statusvithin the oil sandsegion They first provide valuable spatial
data on rare plant species occurremd®en they a& made publicthrough institutions such as the
Alberta Conservation Infonation Management System (ACIY%nd second, allow oil and gas
companies to practice active or passive mitigation for rare species within lands leased to them for
extraction, potentially reducing local losses to development. In order to serve both purposes
effectively, PDA surveys must be consistent, accurate, anereymitted. A key component of
this consistency is ensuring that species will be detected where theyloough appropriate
survey effor{Garrard et al. 2014However, while survey guidelines in other areas are explicit
in advising on surwepractices to address detectability of plgsate of New South Wales
2016) guidelines inAlberta are not explicit in suggested expended effospecifying survey

methodology(Alberta Native Plant Council 2012Z)his intraluces issues of imperfect detection



in survey data anthaydiminishthe application of mitigation measunebere species are
overlooked in areas slated for development

As with other taxa, detection of plants in surveys is impe(MacKenzie et al. 2005;
Chen et al. 2013; Morrison 2016}iven that plants are static during survey, it has been
suggested that imperfect detection is best modeled by approaches distinct from those used in
animal surveygGarrard et al. 2008; Chen et al. 200@actors shown to influencegpit species
detectability include observexperienceplot size abundance, phenology, habitat attributes, and
morphology(Garrard et al. 2008; Chen et 2009; Alexander et al. 2012; McCarthy et al. 2013;
Morrison 2016) Of these, abundanemd scale arkkely the greatest determinarif success.
This may be especially problematic for rare species which consistently occur in small, scattered
populatios (Alexander et al. 2012; McCarthy et al. 2013; Garrard et al. 2&b&cies
morphology is also a soece of bias in imperfect detection, where cryptic speegned in this
thesisas species whose morphology blends with the surrounding environmehaanéiother
similar-formed specids even those which are common, are less likely to be detecterkokiing
programs and rare plant surveys may be especially vulnerable to detetdied biasasin both
cases high detection is necessary to ensure favorable conservation oliMoorest al. 2011;
Garrard et al. 2014)n order to determinehatis rare andd conserve species effectively, we
must first detect them reliably. False absences of populations facing threats may lead to local
extirpation of populations through failures to avoid or mitigate the damages from future
developments.

Of actions currentlymployed to maintain rare plant populations in the oil sands area,
mitigative translocation, the movement of plant material or animals facing destruction from

developmen{Germano et al. 2015)s usednfrequentlybut consistently. Translocation has an



extensive record in scientific reseaf@odefroid et al. 2011; Germano et al. 2QE5)d
movement of plants in particular is a distinctly human practice found throughout history
(Grayson 2001; Richardson et al. 201Bnoadly speaking, results from the literature indicate a
mixed success in plant-ietroduction and augmentation proje(fahselt 2007; Godefroid et al.
2011; Drayton & Primack 2012Mitigative translocation may differ frotmese types of
translocations in project scope, planning, monitoring, and thus, efficacy, but these factors have
not been meaningfully evalwat. A widely recognized failing afon-mitigative translocation
projects is poor recipient site selection, presumably caused by a lack of understanding of species
ecology and environmental tolerances, yet mitigative translocations occur on project imeline
which reduce the opportunity to consider these fa¢t®oslefroid et al. 2011; Germano et al.
2015) Gaps in knowledge around rare plant surveys and mitigation practices in the oil sands ar
can lead to overlooked species, local extirpations, and ineffective use of resources.

As oil extraction continues to expand in the provincedauwklopmentontinues to
overlap with rare species, guidance and information is essential to ensure ttemamaie of
biodiversity. Future development of guidelines and best practices for surveying and mitigation
needs to be informed by work such as what is presented3paeifically my thesis addresses
thetopics of detectability, population loss, and natige translocation for rare vascular plants in
the oil sands area of Albetas f our O0dat adé chapter sfachdfat ar e
these chapters is written in manuscript format with an introduction, methods, results, and
discussion. Literatwr cited for all sections of this thesis are provided at the end of the thesis.
Scientific nomenclature follows that of Packer, 1983 (Flora of Alberta), or that of the Flora of

North America for those species not listed in the Flora of Alberta.



Chapterliil nvesti gating detection success: | esson
focuses on detection of plants given observer experience, pld¢ssate) abundance and

arrangementand species appearanterel used a experimentabpproach to estiniag plant
detectionusingfield trialswithin controlled arenasrhe goal of these trials was to quantify the
relationships betweethetection and these variables using volunteer observers apthpted
6decoy.6 pl ants

Chapter2i i Det e ct a b esloiCargxvanets with gbandance, morphology, and site

compl exityo investigates gr ami n cCarekasaenbdelct i on
group. The goal of this work was to determine what sitel surveyattributes related to

overlooking of gaminoids and what influence the gross morphology¥afexspecies had on

detection time, failuresand delays.

Chapter3iAPr oxi mity to disturbance does not incre
Al bertads oi |l s andsgsofeagevisitatian stddy of bistosicelease t he f i n
vascular plant populations. The goal of this work was to determine the extent of population loss

of historic populations (extirpatiofir) this region, which is presently unknovamdto

understand the relatiomi® between historical populatiatatus (persistence or extirpati@md

surrounding amount afil and gas footprint.

Chapter 471 fEarly success of mitigative translocation for rare peatland speciesx a mi nes t h
resultsof athree year mitigative translocatiexperimenfor two boreal peatland specietere

| examinedthesurvival, growth, and flowering @arracenia purpureandCarex oligosperma

The goal of this experiment was to determine if this pradiseitablefor peatland specieand

if so under what conditiongiven that few translocations are reported publicly from the oil sands

area.



Chapter 2: Investigating detection success: lessons from trials using decoy

rare plants

2.1 Introduction

Surveys conducted by ecologists generate data used in ecological applications. Observations
made at the species level provide data used in conservation and management decisions,
taxonomic studies, predictive modeling, and other areas of scientific intexestaccurate
assessment of presence or absence is essential. Biased survey data, i.e., where detection errors
are norrandom, can severely undermine our ability to conserve, predict, and understand
biodiversity on our landscapé@glacKenzie et al. 2002; Chen et al. 2013; Garrard et al. 2014;
LahozMonfort et al. 2014)Widely accepted sampling methodologies and statistical approaches
reflect the reality of imperfect detection in faunal survey @dtacKenzie et al. 2002; Royle et

al. 2005; Lele et al. 2012krailing to detect a species when it is present (i.e., recording a false
absence) is likely equally pervasive in studies of plé@ken et al. @13; Morrison 2016)

though plant ecologists are among the least likely to consider imperfect detection in statistical
analysigKellner & Swihart 2014)

Inaccurate or biased plant survey data affects our knowledge of species richness,
distribution, demography, rarity, and conservation sti¢ésy & Gregg 2003; MacKenzie et al.
2005; Royle et al. 2005; Archaux et al. 2009; Alexander et al. 2812 can arise when
observers consistently record false absences for species ocatiiomglocal abundance or with
cryptic (defined here as species whose morphology blends with the surrounding environment and
that of other similaformed speciganorphology(Alexander et al. 2009; McCarthy et al. 2013)

This can result in survey data that only accurately represent abundant, large, or distinct species,
causing underestimates of species richness and abundance. Poor monitoringsandion
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outcomes may result when detection is not considered in estimating population size and
demography from counts of individuals (i.e., if&age detection biagkéry & Gregg 2003;
Alexander et al. 2009Kéry and Gregg (2003) demonstrated how reduced detection of less
obvious individuals in a stable population could resuétrirerroneous estimated decline of 8%.
Costly efforts to eradicate invasive orange hawkwéberacium aurantiacunt..) could be
undermined when small patches of fftawering basal rosettes of the species are overlooked
(Moore et al. 2011)Largescale disturbance from resource extraction highlights another
potential adverse outcome of false alzssn the loss of opportunity for mitigation or
conservation and adverse consequences for regional plant species diéensiyd et al. 2014)
Consideration of imperfect detection in survey planning can be improved by understanding
which factors most relate to successful detection across species and environments.

Local abundance is likely the major determinant of the successful detection of plant
speciegMoore et al. 2011; Alexander et al. 2012; McCarthy et al. 20083 is logical as the
rate of encounter between observers and plants will scale with abundance. Other factors related
to imperfect detection include phaogy or lifestate, morphology, habitat attributes, survey
conditions, and the observ@gtéry & Gregg 2003; Chen et al. 2009; Moore et al. 2011;
Alexander et al. 2012; Garrard et al. 2013; McCarthy et al. 2013; Ng & Driscoll.Z2Dhdgrver
effects are well documented in plant survédsrends et al. 2011; Morrison 2018Jost studies
that focused on imperfect detection, or psetidtaover, demonsttad an observer effect; results
for the effect of previous experience were varigptesitive: Ny and Driscoll 2014; Garrard et al.
2014 (negative: Moore et al. 2011; Burg et2015 Morrison and Young 2015and others did
not consider experience as an explanatory variglehaux et al. 2007; Zhang et al. 2014,

Bornand et al. 2014)'wo studies did not demonstrate an observer effééty & Gregg 2003;



Chen et al. 2009Despite these variable results, expert botanists are still believed to be
advantageous in reducing the risk of faddsences, and experience is oftenraditmn of
employment, particularly in surveys for species of concern (i.e., listed or tracked species at
national or sulmational levels). Understanding how species traits, survey attributes, and the
observer interact to increase or reduce detectabilitplaints can help inform design and
analysis of survey data and improve plant species conservation.

To address questions of imperfect detection in forested environrheatgjucted two
decoy field trials in the manner of Moore et al. (2011). Populatibspecies of interest (decoys)
that were not currently growing in the area were planted prior to surveys, permitting
manipulation of survey attributes and thus determination of their influence on detection.
Controlled trials where the true abundance lagdtion of targets is known have been used in
other searcinelated research, such as spotlight searches for wooden mammal (Secogs&
Jessen 2013nd trials using translocated lizards fitted with transmiftdenke 1998)

Detection trials such as these are potentially limited by creating search environments that may
not mimic field conditions; however, they permit the manipulation of variables of interest in
ways that are unfeasible in uncontrolled surveys and proxikdent learning opportunities.

| employed two trials to examine detection success as a function of plot size, observer
experience, abundance and arrangement (clumped or diffuse) of target species, species
characteristics, and observer movement paths. Two decoy species were usediial caoh of
which had a more distinct appearandeypothesized that observer experience would be
positively correlated with detection success; plot area would be negatively correlated with
detection when target species abundance was held constastdatibd rate in small plots

(<100 nf) would be relatively similad. expected abundance and arrangement would both affect



detection, as clumps are more likely to be readily detected than single individuals, particularly in
less showyspecies, but potentiahcounters increase when individuals are diffuse.

My research aims and hypothesized outcomes have important implications for survey
guidelines and best practices in Alberta, Canada. While ensuring high detection of plants may
often require > 1 surveMoore et al. 2014)ogistical constraints ithis region often limit effort
to a single survey within a growing season. In the case of environmental impact assessments
targeting rare species, available resources and short timelines often result in surveys conducted
by one or more botanists over a narrow timeframehisjurisdiction, guidelines are limited and
do not advise on suggested survey effalberta Native Plant Council 2012)herefore,
maximizing detection within a single survey could make the highest impact and greatest
contribution to the development and refinement of best pesctar surveys, such as setting
minimum survey effort requiremeni&arrard et al. 208). | believe that imperfect detection is
pervasive in plant surveys and that management of species of concern will be made more

effective by incorporating imperfect detection into study design and analysis.

2.2 Methods

2.2.1Study site and decoyplanting methods

Experimentat r i al s t ook place at the University of
Edmonton, Alberta, Canada (53.3P13.7°). The climate is continental with warm summers
(average temperature of ~15° C in the summer monthsweardge summer precipitation of

~300 mm. Upland forest across this 64 hectare property is predominantly dry to mesic mixed
wood with an overstory of sprucBi¢eaA. Dietr.), aspen or poplaiPopulusL.) and pine Pinus

L.) with moderate shrub cover, mairCorylus cornutaviarsh.While plots differed slightly in
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tree and shrub densityconsidered them to have been efifieely similar in structure. Trials ran
in the latter half of Augudb early Septemben 2015 and 2016.

In both trialsl established sgare survey plots using wooden stakes and rope to deter
observers from leaving the plots. Decoy plamtse planted at randomly determined locations
within the plots, where effort was made to reduce disruption during plahtiradered and
checked individals regularly over both trials and replaced any damaged specinises. two
target species in each ye8gmphyotrichum lanceolatuiilldenow andViola pedatifidaG.

Don (Trial One), andllium cernuunRoth (Alliaceae) an®etunias p. Juss. ORed Vel
Two) (Appendixl, Figure AL.1). All speciesvere shoristatured (80 cm in height). Inmy first
trial, | selected two species with different vegetative appearance; no indivwderalsn flowerat
the time of the survey.corsideredV. pedatifidaas visually distinct among species at the site
given its deeply palmatifid, glaucous leaves. In contrast, individu&s lahceolatuntooked

very similar to otheBymphyotrichurspecies analium boreald.., blendingwell with the
surrounding vegetation (cryptic). In Trial Tweelectedlowering or fruiting individuals of two
distinctly different species. Individuals Betuniasp.were in full bloom with showy, deep red
flowerson otherwise short, sprawling plants. This specias $elected to represent an extreme
in flower showinessAllium cernuunbears a pale, persistent umbel on a long slender scape,
although this inflorescence is relatively large in comparison to stoaleredboreal plants, it
tends to blend with the envinment (cryptic). All individuals oA. cernuunhad set seed in the
characteristic umbel at the time of the trial.

Volunteer observemwere recruited through email and word of mouth. In Trial One
targeted individuals with varying seasons of vascular plant survey experience and who had or

had not completed field surveys for plants in the summer months preceding the trials. In northern
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climates, a survey field season is considered approximated@ 4@ys. In Trial Twol recruited
individuals who had experience conducting field surveys, but did not require that these observers
be experienced with vascular plants (d.@ccepted individuals with experience surveying
amphibians or bryophytes). Immately prior to beginning their surveys, all obserweese

shown example specimens of the two decoy speciewengdable to revisit those specimens
throughout the day.told observers that neither, one, or both species might be present within

plots andasked them to record the presence and time of detection, but not abundance, of any
target species they encountereithstructed all observers to survey plots until they felt they had
adequately surveyed the area, starting from a fixed corner and useandenng search pattern.
Observersverenot asked to make full species inventories, thus upon finding one target species
they continued to look for the other, and in the event they encountered both species within a plot,
they would terminate the survew this sense the searches mimicked field scenarios where

observers search for the presence of a short list of target species, such as rare or invasive taxa.

2.2.2Effects of observer experience and plot size (Trial One)

In Trial One,l focused on manipuletg plot size and determining the influence of observer
experienceSpecies abundance was maintaineohat individual/species/plot across the
following five square plot sizes: 1310 n?, 100 nf, 1000 m, and 2500 rhwith three replicate
plots per sizen(= 15).1 estimated horizontal cover around each plant using a 2 m range pole,
where the number of 10 cm increments > 25% obscured by vegetation was réGoiifidu &
Youtie 1988) Sixteen observers were recruitaud categorized as: 1) Expaiith >5 seasons of
plant survey experience € 4), 2) Intermediate with-3 seasons of general plant survey
experience and had completed surveys within the preceding 4 monrti83,(@nd 3)

Intermediate with 2 seasons of experience who had not completed ayswitreén the last 4
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months (i.e., that field seasom)%£ 4). Group 2 (intermediate botanist) aligns with provincial
recommendations for taxonomic experience for individuals completing rare plant surveys
(Alberta Native Plant Council 2012)

| asked participants to complete surveys in one replicate of each plot size (a requested
minimum of 5 plots) and to complete additional pibthey were so inclined. Bservers
completed 4 to 8 (most often 5) surveys each for a total of 83 surveys; in each of these the
observers searched for both target species. The order in which plot siegempleted and
which replicate plot of a given size was surveyed were randomized for each individual, although
complete randomization was forgone at the end of the trial to ensure all plots had been surveyed
by at least one observer from each experieategoryl recorded the order in which surveys
were completed by an individual as a continuous variable to account for improved or reduced
detection of plants over the day (e.g., improved search image increasing success or observer

fatigue reducing succsk

2.2.3Effects of abundance and arrangement (Trial Two)

In thesecond trial] maintained a constant plot size of 1000(the 4" largest size fronthe

2015 trial, 33 x 33 m) and recruited 13 observers who had a background in field surveys for

target specied.did not require that individuals had previously surveyed for vascular plants
specifically, but recorded the number of seasons of vascular plaetysach individual had

(i .e., an observer with experilenanipelatessur veyi ng
abundance within plots (1, 5, and 10 individuals) and arrangement (clumped or diffuse) of two

target speciesA. cernuumandPetuniasp.) acoss 15 plots using the design illustrated in Figure

2.1. To achieve the desiredwsllpaced arrangement of individual

arrangement, chose random locations with the restriction that individuals would be planted at
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least 2 m apart. Indiduals were planted together at each randomized location to form the
clumped arrangement (of 5 and 10); Aorcernuunthis resulted in an area of ~ 10 x 10 cm, for
Petuniasp. the clumps covered an area of ~ 50 x 50 cm. The 13 observers surieyieds3

each, resulting in 53 surveys where observers searched for both target $pgeigsrecorded

the order in which observers completed plot surveys to account for improvement or reduction in
detection with increasing surveys completed by an individuaddtition,| asked participants to
wear Columbus V990 GPS data loggers (Victory Technology Co., Ltd.) during surveys to
generate location data suitable for analyzing observer movements, i.e., proportion of plot

searched, speed, and tortuosity.

2.2.4Statistical approach
Time-to-event (survival) analysis considers the time at which an event (detection) occurs, as well
as censored observations, i.e., timed surveys that did not result in detecticogmnigtited). In
traditional survival analysis theflnence of covariates upon the likelihood of an event occurring
over time can be determined using Cox mo@ésx & Oakes 1984)The Cox model framework
assumes that a given event will inevitably occur at some time, censored observations therefore
represent observation periods that were shorter than the time necessary for the event to occur.
This assumption fails in most ecolodiegplications, as the organism of interest may not be
present; therefore, Cox models have been weighted by modeled occ(ipiacbyf et al. 2014)
or more complex Bayesian models have keggplied to account for detection, given occupancy
(Garrard et al. 2008)n thesetrials occupancy is known and thusieet the assumption that all
decoy plantsvould be detected at some survey time.

| first visualized the relationship between detection and plot size (Trial One) and

abundancarrangement levels (Trial Two) using Kaplisleier curves, which estimate the
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cumulative probability of even{&aplan & Meier 1958)Next,| determined the influence of

explanatory variables on the probability of detection over survey time using mixed effect Cox

models.l built a single full model for each trial using all explanatory variables and two random

effects to account for repeated measures by observers on replicate plotse(glt) idnd on

observers across plots (observeantity). | first applied this approach using all observations

(species identity was included as an explanatory variable) paméch species within a trial

separately if species was determined to be an important predictor variable. All analyses were
completed in R (Version 3.4.8R Core Team,2016) si ng t he pa@wdksoges O6sur v

2.38)(Therneau 20158 n d 6 qvergian 2.86) (Therneau 2015b)

2.3 Results

2.3.1The influence of observer experience and plsize on detectability (Trial One)
Detection of both species declined rapidly with increasing plot size, falling from 94%3n 1 m
plots toless than 50% in plots®0 nt (10 x 10 meters). Effort, expressedatsl survey time
divided by plot aregminutes/m?), declined with increasing plot size, as did detection success
(Table2.1). KaplanMeier curves are shown in Figure22whereV. pedatifidahad higher
overall success and faster detection in small plots; less than half the time was required to achieve
the same detection in plots of 1 and 1%fenV. pedatifidathan forS. lanceolatunbut the
accumulation of detection events for both spewias similar in larger plots. Censored
observations occurred across a range of survey times in plots larger thaf tifiéerences in
survey times were as great as 2 hours (Figwe

For both triald considered models of each species separately lespasies was a
significant explanatory variable in a full model built with all observations (Appehdiables
Al.1 and AlL.4). Effect sizes for parameters considered for each species in each trial are
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visualized in Figure2.3 and2.4; see Appendid, Tables AL.2, A1.3 and AL.5, A1.6 for

parameter estimates anevglues. In Trial One, plot size was the most important variable

explaining the detection probability of boih pedatifidaandS. lanceolatumand was the dn

significant predictorg <0.001) for detection db. lanceolatunfFigure2.3a, Table A2). FoS§.

lanceolatuma one unit increase in plot area decreased the detection rate by 0.06 times. There

was weak evidence that plant height positively affected the detect®rariceolatunthe

confidence interval for this parameter did not include zero but it was not a significant predictor
(Figure2.3a). For detection of this species, random effect parameters indicate greater variation
between individual observers than between replicats fBD = 1.25 and 0.02, respectively).

| mproved model fit over?2=t88%5, dh=10p<0.00h)oFdbE.l was su
pedatifidg the confidence intervals of plot size, survey order (the order in which plots were

surveyed by an observer), aexperience category 2 did not include zero, though only survey

order and plot size were significant predictors (Figugeb ) , mo de | ?2=f91.59,db=ver nul
9, p<0.001. In particular, survey order (eflip 1.38, SE = 0.11p = 0.009 had a positive

relationship with detectioprobability, where observers were more likely to detect species with

an increasing number of surveys, presumably due to improved search ifiege.was support

for an effect of observer experience Yarpedatifida observerdelonging to category 2

(intermediate with recent experience) had a negativeeinfie on detectioprobability as

compared to those in category 1 (experts), but this did not extend to observers in category 3
(intermediate without recent experiencgjandard deviation of both random effects was low, SD

= 0.02 for both parameters.
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2.3.2The influence of abundance and arrangement on detection success (Trial Two)
Total detection success differed substantially between the dhetupiasp. (941 100%) and
less distinct\. cernuun(07 70%) in plots of 1000 A(Table2.2). Petuniasp. demonstrated
near perfect detection with little variation among experimental treatments; it was missed on two
occasions, both in plots containing only a single individuabrE{minutesm?) expended by
observers was relatively consistent between plots, although detection was very rapid in-one five
diffuse replicate foA. cernuun{Table2.2). Observers always fourRktuniaprior to findingA.
cernuum thus total effort for the plot largely represents time spent searchifg éernuum
(Table2.2). The accumulation of detection events Ratuniawas notably faster than féx.
cernuumin all abundance and arrangement combinations, and diffusely atr@ngernuum
plants were detected more frequently and rapidly than the same number arranged in clumps
(Figure25).

For Petuniasp. the variables abundance, arrangement, and surveywaaesignificant
predictors (p<0.001, 0.016, and 0.021, respectwdFigure2.4a, Table &.5). Improved model
fit over the rfsd0B6,dia6p=8.009).pAbundareaand sarvey order had a
positive relationship with detection, where a unit increase in abundance increased the detection
rate by 6.5 tims. Diffusely arranged individuals resulted in a {ffetd increase in the detection
rate as compared to clumps. The random effects of observetandentityhad standard
deviations of 0.4 and 0.3, respectivelium cernuunmodel parameters indicatéuat a unit
increase in almndance increasdtie detection rate by 21 times. Although not significant
predictors, arrangement and survey order had confidence intervals that did not include zero
(Figure2.4b). Diffusely arranged individuals &f. cernuunwere twice as likely to be detected

as those in clumps. | mpr oved?=md4bedfi=6pF t was
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0.025). The random effect observer id had minimal variation (SD = 0.02), but variation between
replicate plots was higher (SD = 2)10bservers in this trial had quite variable backgrounds
(plant surveys within Alberta, Canada, and internationally) and number of seasons of survey
experience (range =i014, median = 3), but again observer experience had no influence (Figure
2.4).

Movement metrics (speed, tortuosity) generated from data loggers were not included in
the main analysis due to instances of collection failure; descriptions and analysis using these
metrics are given in Appendix Robserved uniform speeds across individats 0.14
meters/second, SE = 0.001) and speed and tortugsit 0006, SE = 0.00006) had no
significant influence on detection using mixeffiect Cox modeld. observed a trend &.
cernuumdetections ocauing most frequently when30% of the pbt had been searched

(Appendix 2.

2.4 Discussion

These detection trials have clearly demonstrated that the probability of detecting cryptic
understory species at low density (i.e., 1 individual/108Disrvery low (B85%); this provides
further evidence tit imperfect detection in plants is pervasive and can be sg¢ane& Gregg
2003; Chen et al. 2009; Alexagrdet al. 2012)l observed complete failure at detecting single
individuals ofA. cernuurin 1000 nt plots, as compared to 35% successvfopedatifidaand

23% forS. lanceolatumthis was despite the fact that the latter two species wereggeatative
condition at the time of survey. While phenology is important in detedtiéry(and Gregg

2003; Alexander et al. 201,3) is likely thatmanyspecies would go undetected when rare within
plots and when not bearing showy flowers. Detectiomefshowier species in both trials was

often more rapid (requiring less survey effort) than for the cryptic species, although this trend
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diminished with increasing plot area in Trial One. In additiba)argest plot sizeised here

(0.25 ha) is smaller timethe area typically covered for environmental assessment surveys,
suggesting that field surveys may be even less successfuhthiamdings. The importance of
survey conditions, observer effects, and plant abundance and plot area (density) varied among
gpecies in results of tim-event analysis.

In both trialsl manipulated the density of the target species by maintaining plant
abundance while increasing plot area (Trial One), or increasing plant abundance over plots of the
same size (Trial Two). The pibive relationship between density and detection is a product of
increased encounter rate between the observer and a greater number of individuals and is well
demonstrated in other wo(kloore et al. 2011; Alexander et al. 2012; McCarthy et al. 2013)
Manipulating species arrangement in Trial Two indicatetichenps of 5 and 10 individuals
were more easily detected than single individuals.afernuumpresumably due to increased
visibility of clustered individuals. However, clumps of 5 and 10 had similar total detection
success and rates for both speciesius the trial, suggesting that this visual advantage may not
scale with clump size. This is supported by the findings of Mebat (2011), where clumps of
3 and 5 individuals of their target species were detected at an equal rate. These resuits sugges
that surveys targeting species that are known to occur at high local densities or in caespitose
growth forms could be successful with less effort than those targeting species that consistently
occur at low densities (e.g., some members oQtehidaceag Further, including measures of
effort along with reported absences of cryptic species will improve the understanding of how
species abundance and distribution influence detection, and aid in setting effort requirements for

environmental impact assessrhsarveygGarrard et al. 2008)
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The influence of increased plot area likely affedetection beyond the change in target
species density. In Trial One, increasing plot aresfarested site included greater cover of
large plants (trees and shrubs), meaning greater physical and visual obstruction for observers,
although horizontal@ver was not an important predictor variable. In large plots observers must
employ more search techniques and maintain a spatial awareness that is different from surveying
small plots. Several observers expressed feeling overwhelmed by the physicahssamch
large plotsl observed a wide range in expended search times in large plots, suggesting that
observers differ in their motivations and decisma ki ng f or the d&éstop ti me
opportunity to survey for unlimited tim€uture trials may énefit from more intensive de
briefing interviews with participants pestirvey to qualitatively describe such decision making
processes, which was not considered in this widnlgpothesize that the effect of search area
includes, but extends beyond, the effect of reduced density of the target species to include factors
such as observer fatigue, which has been shown to influence aerial detection of m#abihls
et al. 2012; Ransom 2012)hese results suggest thiaing timeunlimited surveys can only go
so far in solving the issue of imperfattection. Future experiments should consider the search
techniques used by observers, perhaps through requesting the use of specific strategies such as
dividing the total a@a into smaller, searchable secti@dgsCaffrey et al. 2014)or using
different plot configurations (e.g., bétansectwys. large, square plots) to search equivalent area.
Further,it would be avantageous to explore how effort (minuted/waries across plots of
varying shapes and sizes, where belt transects may, in theory, aid in focusing an observers
attention on a smaller search area and thus expended effort may remain higher over square plot

of equivalent size.
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Considering all four target species and the two trials, the limited relationship between
observer experience and detection was surprising, but supported by findings by Moore et al.
(2011). Whilel recorded variation among observermspnebnstrated by wide confidence intervals
in KaplanMeier curves for all species, experience level was not an important explanatory
variable; but se¥. pedatifidal speculate that the observed variation was instead due to inherent
differences, i.e., persality traits or mental attitude. Studies suggest that observer experience or
training should be related to detection suc¢€ssrard et al. 2008, 2013; Morrison 201&)d
surveys completed by expert botanists are often regarded as more reliable. It is possible that trial
conditionsnegated the ability of experts to outperform less experienced surveyors. For example,
many botanists use their knowledge of microsite associations when searching for target species
with which they are familiar, buhy study did not allow for such associations due to random
planting locationsThere is further an important consideration that these surveys were highly
targetedto two species in each trial, and it is probable that differences in skill level (experience)
of observers may play a greater role in full inventory survelysréffore, heseresults suggest
that intermediate and expert observers can achieve similar riesialtgeted surveys
particularly when they have the opportunity to examine live plants forimitiating surveysl
found weak, but consistent, evidence of observer improvement over an increasing number of

surveys, presumably due to improved search image aftgrseacessful detectiors observers

(@}

becomi ng mor e f aminontagetspecies im thé studyl atieserversg o u t
completed surveys over a single day; it is possible that observer improvement over a season
could be an important consideration when planning suraegithat observer learning may

improve survey results ovéme. Finally, | observed minimal trampling in survey plots over
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time and do not suspect trampling improved or reduced plant detection, but note this can be an
important consideration in decoy trials.

Althoughthe most rapid and consistent detectionsusgad in plots of 1 and 10%mn
Trial One and in observations Bétuniasp. in Trial Two, in both years the majority of plots had
at least one successful observation when considering all surveys. It should be n®etlthat
sp. detection was exceptial in comparison to the other three species. This could be attributed to
the fact that this decoy species is quite distinct in comparison to natural understory boreal species
and was also generally familiar to observers; this highlights the importacaesfidil selection
of decoy species traits in trials such as these. In Trial One, only one plot replicate 072500 m
was perfectly undetected for eachvofpedatifidaandS. lanceolatumin Trial Two, excluding
the complete failure in plots with only on&ividual, only one replicate went without a
successful detection &. cernuumThus, teams of 34 observers completing repeat
observations in plots could compensate for low individual detection probabilities orsiéeper
basis and encourage this suey approach where feasible, as has been suggested in other work
(Alexander et al. 2012) also note that data resulting from such repeat plant surveys, including
those collected here, are suitable for estimating detectability usingretajture methods when
the time of a detection event is either not collected or is not of intbtaskKenzie et al. 2005;
Alexander et al. 2012)

In closing,l encourage future decoy trials such as those conducted here and by Moore et
al. (2011) to examine relationships between species and survey variables against detection
probability in a controlled fieldetting. As understanding of the pervasiveness and severity of
imperfect detection in vascular plants gromsy, hope is that future work will more reliably

incorporate techniques to address this ig&@diner & Swihart 2014)l suggest that
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improvements to field surveys for low abundance species can be acthiemggh careful
consideration of allocation of survey effort, for example, increasing the number of observers
within plots and limiting plot size where accurate detection of single individuals is critical (e.g.,
monitoring applications). Although using skinalots may require a tradeff in total area
searchedmy results suggest that false absences are more likely when species are in low
abundance and the survey area is largaggest that future research in the field of imperfect
detection in plants expre how survey technigues such as using a series of small plots to search
a large area in lieu of large plots could improve detection of cryptic species. Considering
observer movement using GPS, as was done here, may reveal interesting trends in lvewsobser
search plots and when they are most likely to make successful detections (Appendix 2).
Recording survey effort through person hours and area covered will not only improve confidence
in reported absences, but will add to our understanding of how edagfiiort may fluctuate with
species characters and phenological state. Collectingtoh@eent data where possible to
determine rates of imperfect detection and relevant covariates influencing success in different

environments is encouraged.
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Table 1.1. Effort, average detection timand success across plot sizes for both target species,
Symphyotrichum lanceolatuamdViola pedatifida used in Trial Onej = 83.

Av. time Median
Plot . to No. No. %
Species , : effort + SE Range
area detection detections surveys success .
) (min/ne)
(min)
S. lanceolatum 1.1 15 17 88 .
1 - 1.60 +0.09 1.01 3.0
V. pedatifida 0.7 17 17 100
S. lanceolatum 24 10 17 59 .
10 i 0.34 +0.03 0.17 0.8
V. pedatifida 1.1 14 17 82
S. lanceolatum 5.8 7 17 41 .
100 . 0.17 +0.03 0.047 0.57
V. pedatifida 6.9 8 17 47
S. lanceolatum 30.9 4 17 24 .
1000 " 0.05 +0.004 0.02i 0.1
V. pedatifida 28.0 6 17 35
S. lanceolatum 60.5 3 15 20 .
2500 i 0.04 +0.003 0.017 0.07
V. pedatifida 56.4 2 15 13

Table 2.2. Effort, average detection timandsuccess across plot sizes for both target species,
Petuniasp. andAllium cernuumused in Trial Twon =53.f D 0
ACO0O denotes clumped

arrangement s.

d e n o tareargemdents; f u s e

Av. time

Abundance to No No % Median
and Species . ; ' effort + SE Range
detection detections surveys success .
arrangement (min) (min/m?)
Petuniasp. 15.3 9 11 82
1D etuniasp 006 +0.01 0.02i 0.16
A. cernuum - 0 11 0
Petuniasp. 13.7 11 11 100 .
5C 0.04 +0.01 0.017 0.09
A. cernuum 34.7 4 11 36
Petuniasp. 8.8 10 10 100
5D uniasp 002 +001 0.002i 0.07
A. cernuum 10.8 7 10 70
Petuniasp. 14.6 10 10 100
10C 0.03 +0.003 0.0271 0.05
A cernuum 257 3 10 30 !
Petuniasp. 57 11 11 100 .
10D 0.04 +0.01 0.017 0.08
A.cernuum 23.8 6 11 55

24



Clumped
&
<%

5
: 5B
o
i ® * .
<] 0 e Og ® o
o o o
= o eC 0%
= ® o 'l. o ® o ©
= °
8] O.O‘
J l::I

Figure 2.1. Example configuration of decoy plants within square experimental survey plots in
Trial Two. Closed circles indicateetuniasp., open circledllium cernuum This design was
replicatedthreetimes for a total of 15 experimental plots.
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Figure 2.2. KaplanMeier curves showing the accumulation of detection events over survey time
in Trial One forSymphyotrichum lanceolatuamdViola pedatifida Censored observations are
shown as vertical ticks along the KM curve, dotted lines show 95% confidence interv&@s,
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Figure 2.3. Parameter estimates and associated confidence intervals for full models of a)
Symphyotrichum lanceolatuamd b)Viola pedatifida A random effect of observeradtity and
plot identitywere usedn both models, see text for standard deviatialues. The variable plot
area was log transformed in both models

abundance - .
arra ['I‘__’Cl'['lL‘l'll . e— 1 . —
survey order — 1 i —e—
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Figure 2.4. Parameter estimates and associated confidence intervals for full modePetdraa

sp. and bAllium cernuumRandom effects of observeeittity and plot icgntity were usedn

both models, see text for standard deviatialues. The variable abundance was log transformed
in both models.
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Chapter 3: Detectability of species o€Carexvaries with abundance,

morphology, and site complexity

3.1 Introduction

Understanding the world around us requires observation and collection ofetatag know
observers to be imperfeict detecting events or patterns where they adssues related to
imperfect human observease common across a number of disciplines olialy medicine,
manufacturing, and ecologi?oulton 1972; Bruno et al. 2015; Lavers et al. 20i6¢cological
applications, understandisgp eci es ® occurrence, abundance, an
that species are consistently detected in surfidgsKenzie et al. 2005yetimperfect detection
exists ad mustthereforebe accounted for. In practice, those who study stantsor species

with low mobility (e.g., grouneblwelling arthropods and plants) rarely account for imperfect
detectionn analysegKellner & Swihart 2014)Despitethe fact that plants asaticonce
establishedprevious studies make @ethat the assumption of plants being perfectly detectable
is often invalid(Chen et al. 2013)

Research on imperfect detectionvascular plants has regularly essited detection
probabilities €.5 and even as low as 0.09, suggesting that imperfect detection must be
considered in survey planning and data analy3ien et al. 2009; Moore et al. 2011; Clagke
al. 2012; Ng & Driscoll 2014)Species which are locally abundant or are conspicuous, such as
when flowering, have higher detection rates, with abundance generally being the greatest
determinant of detection succgBoyle & Nichols 2003; Vittoz & Guisan 2007; McCarthy et al.
2013) However, most species are r@¢hittaker 1965; Kunin & Gaston 1994nd species at
low abundance in their environment are less likely to be detected in surveys with large plot sizes

(Moore et al. 2011; Dennett et al. 2018he majority of vascular plant surveys are therefore
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likely to overlook at least some speciBgveloping strategies to reduce these errors is important
to ensurebservediata are accurate.

Imperfect detection can generally be categorized as resulting from obspeodic
differences (experience, identity, et@dJexander et al. 2009; Bornand et al. 2014; Morrison
2016) speciesspecific differences such as morphology, abundance, flowertey sand size of
individuals(Scott & Hallam 2002; Kéry & Gregg 2003; Clarke et al. 2012; Garrard et al.,2013)
and sitespecific differences (survey protocol, density of vegetation, management history, etc.)
(Garrard et al. 2008; Alexandet al. 2009; Clarke et al. 2012; Burg et al. 20¥8)en detection
probability scales with any one of these characteristics or combinations thereof, survey data
become biased, limiting their usefulness. In ecology, the extent to which specese-
specific attributes act to exacerbate observer errors is of increasing iftaekenzie et al.

2005)

Given that imperfect detection differs across species and sudiesseparating these
effects are useful for understanding bias and addressing it in surveysd€sgn& Gregg
2003; Alexander et al. 2009; Garrard et al. 20I3)mparisons of detectability by life stage,
flower colour, or other characters help inform field surveys targeting species that share similar
traits (Kéry & Gregg 2003; Chen et al. 2013; Garrard et al. 208@ither, understanding how
detection of similar speciesriesduring surveys is important since many rare taxa share traits
with their more common congeners, yet their accurate detection ishofdmgervation value
(Kunin & Gaston 1997; Garrard et al. 201Byidence suggests that graminoids, here referring to
thefamilies Poaceae, Cyperaceae, and Juncaceae (colloquially grasses, sedges, and rushes,
respetively) may be more poorly detected than other vascular plantd)eyedre an important

source of diversity in many systems. Previous work found that graminoids were overlooked more
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often than other vascular plants, with moderately highidastification rategArchaux et al.
2009) In a Swiss study, grasses had the lowest detectidrapility among trees, shrgland
forbs(Chen et al. 2013)Scott and Hallam (2002) reportpgeudoturnovefthechange in species
composition in an area due Jvaluedaf2lf2andelf% es i n
for grasses, sedges, and rushes, respectively, where sedges were the most overlooked group of
groundlayer plants. In an analysis of pseudoturnover in alpmeéronments, Burg et al. (25)L
reported 21% of the 62 species most often overlooked by observers were graminoids, although
they also demonstrated high detectability of two abunBaal. (Poaceae) species.
Collectively, this suggests that graminoids rbayconsistently undeatetected, likely for reasons
related to their morphology and taxonomy.

While these families include remarkable amounts of morphological diversity, differences
typically occur at a small scale. Graminoids tend to be thin in profite,lew foliar cover and
limited contrast between their vegetative and reproductive parts, thereby representing, as stated
by Chenetal. (20132 n 1 edestaddbi.vecurt her, these families ar
career botanists due to challesgn accumulating the taxonomic knowledge to recognize
differences between species, although this may in turn act to dissuade botanists from focusing on
them in the field. To address detection of this challenging taxonomic group, | undertook a study
ofgami noi d detection in Canadabés boreal forest
graminoids in comparison to other life forms to determine the extent to which these plants are
subject to overlooking errors between observers. Next, | used the@Qaraxd.. (Cyperaceae)
as a model group to examine variation in detection given species morphology and abundance.
My aim in selectingCarexwas to take advantage of the broad variation in form and niche

observed in this genus. Inde€threxis one of the modfliverse angigserm genera with2000
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speciegGovaerts & Simpson 2008)i st ri but ed gl obally across t he
excluding the Antarcti¢Ball & Reznicek 2002)In the study regionf northeastern Alberta,
CanadaCarexoccur across the full range of nutrient and moisture conditions and vary

significantly in size and form.

Working taxonomic knowledge @arexis slow to accumulate, where some groups
remain challenging to identify ithe field even for relatively experienced botanists (gagtion
Ovales. The process dfarexidentification for most beginner to intermediate botanists is likely
best reflected by a combination of a natural method (grouping siafif@@aringCarexinto
coherent search images) followed by the use of keys to confirm the species level identification
(Ellis 2011) Therefore, | considergdarexdetectability using morphological groups, comparing
time to detection for these groupsddetermining factors that influence detection success.

Specifically, | sought to answer three questions:

1. How | argetammomd®tf or graminoids in contrast
and what survey conditions minimize these er

2. To what extent do mor phol @agrirenale trreaidtid ymakd
accurately detected?

3. Whi ch =amecsgsgiestce fi c traits have the greatest

sites and delays o€Camex ection within sites f

3.2 Mehods

3.2.1 Study area and inventory transects
Surveys took place in northeastern Alberta, Canada. Fifty belt transects 100 m in length and 2 m

in width (200 nf) were established in a region spanning from 45 km northeast of Fort McKay
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(57°329BN|N, -111°1MBnjE) to Lac la Biche (54°39njN, 112°08njW), a northsouth distance
of ~ 300 km. The large geographic span of sites was intentional to reduce local improvement in
detection rates due to familiarity with a single area, see Appendix 3, Table A3tk for si
coordinates. | selected sites by generating random points within 2 km of roads in ArcMap 10.2
(ESRI 2015) and then used Google Earth (www.earth.google.com) imagery to stratify by
landcover typeor using local knowledge to span the range of possiblditons. Specifically,
transects were established in bog, gramiahrub, and treedens, as well as conifer and
mixed-wood uplands. Deciduotgominated upland forests were the only major landcover type
avoided due to low representationGdrex Human disturbance was also avoided, but natural
disturbances, such as beaver activity and recent wildfires, were included as they represent
important habitat for many boreal species. Transaateyswere completed from 2 Jul to 13
Aug 2015. Two observe(dD and JT) generateccampletespecies inventorgf all encountered
vascular plantfor each transect in 3@inute independent surveys (effort®@i5minutesi? per
observe), recording the time of detection for each species and the transect seging@t (D x
2 m increments) where it was first detected. Transects wtblished singly or in pairs3®0 m
apart, but always set in contrasting habitats when paired. No continuous habitat patch was
surveyed twice (e.ga large fen complex would containly one transect).

Once each transect was surveyed by both observers, it was then walked a third time for
the collection oftructuralattribute data. At the overall scale of the transeetorded the
weather and assigned a landcover class. Within 2&cif segmen{10 segmentéransect)
assigned a Domin covabundance clagdueller-Dombois & Ellenberg 1974pr: (1) life
forms (short tree & m), tallshrub (>50 cm), short shrub& cm), forb, norCarexgraminoid,

all Carex moss, and lichen), and (2) edcarexspecies found within that segment. Horizontal
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cover estimates were obtained using a 2 m c@Rebel)pole (Griffith & Youtie 1988)with

banded 10 cm increments at the midpoint of each transect segment. Finally, morphological
characters were measured bree representative individuals of edtdrexspecies at each

transect. Measurements included plant height, leaf width, length and width of the inflorescence
or peduncled spike, and the number of pistillate spikes.

While collecting these data, observessitthe opportunity taotemissedCarex
observationsCarexspeciesnissed by one or both observers were noted, as well as detection
delays (e.g.both observers found a species in transect segment 8, but it was first present in 2).
Thus, this additionairme (307 60 minutes) acted as a third survey focuse@arex and | made
the assumption that dllarexspecies had been captured by the end of this time. At
approximately one third of sites cover and site attribute data were collected as a pair, which had
the benefit of allowing ongoing calibration
datawere collected independently, observers used radios to communicate the presence and
location of encountere@arexspecies after both independent surveys had been completed. Both
observers had similar field experience at the time of this study (multipte gévascular plant
survey experience and previoQarexspecific training) Our familiarity with Carexand the

flora of the study area was characterized as being d@perintermediate

3.2.2 Analysis methods

Pseudoturnover by growth form

| used psedoturnover, the change in species composition in an area due to differences in
obser ver 6 s(Nilsspne&dilsgor 1985jtoedtimatehe magnitude obverlooking
errors for all species encountered (total) and four broad growth forms; tree, shrub, forb, and

graminoid. Percent pseudoturnover was calculated using the equation by Nilsson and Nilsson
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(1985),((Sa+ S) / (Saat Sov)) x 100 where $and $ are the numbesf unique species detected

by each observer not detected by the other, ax@h8 $p are the total number of species

recorded by each observer respectively. To determine the influence sjfestiéic variables |

related total and graminoid pseudotureoto attributes of the search environment with
generalized linearmodels (s usi ng the package 61l med4dd (Bat e
(R Foundation for Statistical Computing, Vienna, AT). Predictor variables were reported to the
transect leveby summing species richness and averaging horizontal cover, total vegetative
cover, and cover by growth forfrom the segment levebtatistical models represented related,

but distinct hypotheses of site conditions predicted to best explain variation in observer species
lists andwereevaluated using AIC model selecti@urnham & Anderson 2002Rl1 variables

were standardizeid thaér mean to allow fodirect comparison of effect sizes between

predictors.

Morphological groups and time of detection

All encounteredCarexspecies were categorized into six groups based on their gross

morphology, grouping by height and general appearahttes inflorescence. | used individual
measures collected in the field to visualize the suitability of the grouping scheme using a
Principal Components Analysis (R Theset h t he
groups were: aggregated (mediuntath species with spikes aggregated into a head), peduncled
(medium height with pistillate spikes on peduncles), sessile (tall, robust aquatics with spikes
mainly attached directly to the culm [lower pistillate spikes can be peduncled in some species]),
sessileremote (medium height with wedpacedsessile pistillate spikes), singépike (short,

unispicate species), and smadjgregated (short to medium height with few, small spikes mostly
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clustered to a headixamples of &£arexspecies typical toachgroup are shown in Appendix
3, Figure A3.1
To determine if two repeat surveys and additional site time were adequate to detect
species within morphological groupgstimated detection probability for each group using data
from all three surveyperiods i . e., i ncluding those observatic
using Program PRESENCE (version 2.12.Edr each group, if any species assigned to the
group was missed by one or both observers, it was coded as an absence; thus, estimates of
detectia are likely undeestimates for some species within groups.
Finally, considering the time at which observers encounter plants provides meaningful
information on the amount of survey effort necessary to achievedbigltion succes$o
explore the influeace of morphology on time to detectidrgompared detection events across
time (cumulative probabilityfor these groups using Kapkteier (KM) curvegKaplan &
Meier1958Jusi ng t he packages O6sur vi(wesontdivRr si on 2

Detection success, failure, and delays

As described above, | recorded two types of impédetection, detection failures where one or

both observers overlooked a species, and detection delays, where a species was detected after its
first location along the transect. Given that each case has implications for effective suiveying,
considered thse two types separately by examining success (detection at first opportunity) vs.
detection failuresn(= 374), and success vs. detection delays417). Specifically, the

influence of speciesand sitespecific variables were examined for each queggehof data)

using mixedeffect logistic regressiofwhere transect identity was included as a random effect)

with exploratory hypotheses ranked for model support using AIC evaluation with the package

6l medd i n R. I n al l cases | i ncl, specedpresence or mat
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recorded by JT and not by JD), as well as observations colleated édditional time spent on
each transect. | did not encounter incidents of false presence (misidentificatioegasurveys

and therefore didot address misidentification in analysis.

3.3 Results

3.3.1 Experimental detection transects and pseudotaover
| recorded 260 vascular plant species across all 50 transects, 36 (13.8%) of which were species of
Carex.Species richness @farexranged from I 10 per transectvith a mean of 4.5 (SE = 0.4),
while total species richness ranged froni X8l species per transeatith a mean of 34.8 (SE =
2.2). Detection failures dfarexwere low with detection success for both observers at 92%. Out
of 227 unique instances Gfarexspeciespresence, JD missed 22 (9.7 % detection failure), while
JT only 15 (6.6 %).1 eight instances both individuals missedaaexsp. during their individual
survey, but detected it later when spending additional time estimating cover and assessing site
attributes. Although detection failures were low, delayed detections within(&aitsect
segments) were more common with JD recording 39 instances (17.2%) of detection delay, and
JT recoding 41 instances (18.1%).

When considering all species of vascular plants, average pseudoturnover rate was
11.6% (range: 2.2 23.3, SE = 0.7)vith little variation in pseudoturnover across life forms.
Graminoids were marginally lower than others at 10.0% (rang&303, SE = 1.3), while forbs
were marginally higher than others at 12.7% (range38.5, SE = 1.4) (Figure 3.1). Model
ranking sggested weak support for site complexity (horizontal and total vegetation cover) in
explaining total pseudoturnover. However, horizontal c¢visual obstruction measured using a
Robel pole)was positively related to pseudoturnover, while total vegetatwer(the sum of
estimated cover valudsr growth formsnot includinghorizontal cover, per transeetps
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negatively associated to pseudoturnover. When considering only graminoids, pseudoturnover
was best explained with a positive relationship witlp fand short shrub coveepresentindgow,
leafy plants whiclwould obscure graminoidaith their foliage and forb cover having almost

twice the effect of short shrub cov@rables 1 and 2).

3.3.2 Morphological groups and time of detection

Morphologicalgroups had meaningful differences across field measured traits when visualized
with a PCA (Figure 3.2) (Appendix 3, Table A3d& summary of field measuremeptaith
obvious separation across the axes representing plant height and leaf width. Detection
probability, estimated using data from both repeat surveys and additional siteaineel across
morphological groups. SessiBarexwere the most reliably detected, while sraabregated
Carexwere most poorly detectedhere evemhreesurvey periods were not sufficientdaohieve
>95% detectability for half of morphological grou@&ble 3.3). KaplaiMeier curves of
detection rates indicated that aggregated and s&miéxaccumulated detections rapidly, while
smallaggregated and gjie-spikeCarexrequired nearly the full survey time to reach the same
detection probability achieved within 10 minutes for sess#deex(Figure 3.3) The two
observers in this study did not significantly differ in their total detection success, neirin th
accumulation of detection events across survey time, again compared usingWaj@aourves

(Figure 3.4).

3.3.3 Detection success, failure, and delay

Ten candidate models explaining variation in success vs. detection faili@/@) and vs.
delays(n = 417) were compared based on spe@es sitespecific predictors (Table 3.4). All
models includedCarexspeciesabundancehere,mid-point of Domin cover clager each

species in each transect segmestabundance isveell-known determinant of detection
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success. Detection success over failures was best explained by total vegetation cover in the
segment where the species was first pre#snnorphology and the segment cover (abundance)

of that species (Table 3.4). Sjfecally, Carexspecies cover had the greatest, positive influence

on detection succesB £ 14.5, SE = 3.56). Total vegetation cover was inversely related to
detection succes$ € - 0.40, SE = 0.20), and the morphological groups aggregated and-sessile
remote were most similar to sessilarex,while singlespike, peduncled, and smaljgregated

had reduced detection in comparison to this group (Table 3.5). Models containing morphological
traits were not supported in explaining detection success ovgsdélze best supported model
instead contained variables representing physical obstructions at sites (i.e., short tree and tall
shrub cover). Short tree cover was positively associated with detection success over delays (but
note a large SE§ able 3.9, and tall shrub cover was inversely related to success. Increasing
cover of eaclCarexspecies in the block they were first present was again the most important
parameter in explaining immediate detectibr(1.28, SE = 0.43), although this parameter was

nat as influential as in models explaining detection success over failure (Table 3.5).

3.4 Discussion

High Carexdetection (> 90%) can be achievied some specieis field surveys using narrow (2

m wide) belt transects with abundance, morphology, andégéeific variables affecting

detection succes8verlookingerrors between two similar, wehlained observers were low

relative to published estimates with grawmids consistently having the lowest pseudoturnover
among four major life form@_eps & Hadincova 1992; Scott & Hallam 2002; Morrison 2016)
although this is potentially a product of the focus of this experiment on graminoids themselves,
and thus may represent a bease scenario among field surveystal pseudoturnover was

weakly supported by site complexity, while graminoid pseudotumesas best explained by
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low cover. Time to detection can be related to species morphology, and the use of morphological
groupings may be relevant to future survey planning or techniques for adjusting detectability in
analyseglLele et al. 2012; Sélymos et al. 201Bere,two repeat surveys and additional site

time focused of©€arexwas still not sufficient to achieve detection probabilities of >95% for half

of the morphological groups considered, suggesting that surveys which employ less effort than
what was used hefee., 0.15 minutes/rfper observer per independent survey +aesite time
amounting to an additional 0.15.3 minutes/rf) are likely well below this threshol&pecies

and site specific factors differ in theireffetn an obser veriaaplooversus al | de
delayng detection within a plot along segmed belt transects. Abundance, morphology, and
surrounding vegetation cover best explain detection failures in general, while abundance and site
structure best explain delays in detection within a plot. These results speak to the importance of
consideringspeciesand sitespecific attributes in survey planning and data collection.

Low rates of pseudoturnover in boreal forest surveys are encouraging. While forbs were
more often overlooked, there was little variation among groups, suggesting no bias in
detectability among life forms. From a sipecific perspective, pseudoturnover was higher in
sites with more complex vegetatidreing negatively related to total vascular plant cover. This
may reflect observers being more cautious in detecting species when vegetation cover was high.
In contrast, pseudoturnover was positively related to horizontal cover perhaps reflecting
increasedlistractions at sites with a more complex understory. However, these results were only
marginally more supported than a null model of constant detectability. Increased graminoid
pseudoturnover at sites with higher forb and skbrtib cover is logical gen that the larger
foliage ofthese plants can obscure tprofile graminoidslt is interesting to note that these

results differ from previous studies in different environments. For example, pseudoturnover
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within an 11 person team whestexplained bybserverspecific variables, with virtually no
influence of sitespecific factors in open alpine arg&sirg et al. 2015)Detecion is also
strongly related to abundee(Royle & Nichols 2003)and estimateof pseudoturnover may in
part reflect random processes of encounters between observers and very scarce species in survey
plots(Dennett et al. 2018}t is possible, considering published examples, that achieving rates of
pseudoturnover of less than 10%, or especially 5%, is unlikely given some level of inherent
randomness isurveygLeps & Hadincova 1992; Scott & Hallam 2002; Vittoz & Guisan 2007;
Burg et al. 2015; Morrison 2016)

Observer success in recognizing graminoids,@aaexspecifically, is more closely tied
to taxonomic knowledge than for more easily identified vascular plants. In cases where
taxonomic certainty is problematic or observers lack experience, there may be significant
impediments to estimating graminoid detedigh For example, Garrard et al. (2013) did not
include grasses in their detection analysis due to high uncertainty in species identification, which
points to where the most serious gaps Bherefore] suggest using morphological groups as an
approacho understanding detectability for difficult taxa. Gross morphological groupings may
more closely mimic the recognition process@arexin this study areavhereby some species
are instantaneously recognized (e@.aquatilisWahlenb.), but others arecognized as groups
of similar-formed species (e.gC. concinnaR. Br., C. deflexaHornem. andC. peckiiHowe).
Here, robust, large species@drexwere 1.3times more likely to be detected than those with a
short, small inflorescen@ndwe showed deiction bias against short, small inflorescence
species, even after additional time spent at steszeys with poor detectability of smaller

graminoid species could therefore bias conservation assessments of rare species or local land use
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decisionsand @re must be taken through increased effort or number or observers to ensure
adequate detection

Morphological groups artirtheruseful in characterizing the effects of morphology on
detection failures and delays. Abundance was the most important deterwiiisuccess over
failure, with a small negative influence of total surrounding vegetation cover and species
morphology that differs from large, robuSarex In contrast, abundance and site strucfshert
trees and tall shrubshut not morphology, affected the probability of delayed observations
within a site with abundance having a more moderate effect on detections. Transects with greater
cover of short trees and tall shrubs represent physical impediments to human movethients w
plots that should reduce detections. One key characteristic of boreal forests is that tall shrub
cover is common, posing an impediment to observer movement within the forest, especially in
shrubfens and shrulswamps. It may be the case that talusisrincrease delays because of a
required lapse in visual and mental focus on plants while navigating through dense sites.
However, | observed a weak positive effechmfhershort tree cover on detection success over
that of delays in detection. It is ggible that this is a product of environments with greater
amounts of short tree cover also having a sparser understorydgemeratindg?inus banksiana
Lamb. forests), and thui3arexcontrasted more with their environment and were more readily
sighted.Together, these results support the welbwn relationship between abundance and
detection succegfoyle & Nichols 2003; McCarthy et al. 28), as well as the importance of
considering morphology and site structure in the allocation of survey @fodre et al. 2011,
Garrard et al. 2013; Ng & Driscoll 2014)

It is important to consider survey area and effort per unit area in interpreting these results.

These survey plots (belt transects) were small (29)Gnd effort was highd(15minutesi? per
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observer) relative to other studies estimating observer differences and plant détéaticnet
al. 2011; Zhang et al. 2014)et | still did not achieve detection probabilities of 95% for half of
the morphological groups considered, and detection of sagghegatedarexwas much poar
than the other morphological groups &2 .The effort used in this study exceeds that of surveys
typically used for environmental impact assessments, but helps establish benchmarks of when
high detection rates are achievable. Further, my resultsdtiglal benefit of weltrained, similar
observers. Previous studies that have used pairs of experienced observers also found no evidence
of observer effects, as was documented [(ieéey & Gregg 2003; Chen et al. 200®ut see
Bornand et al. (2014) who found meaningful differences between a team of two observers,
attributed tadifferent levels of experiencélthough | attribute observer success here to
similarity in mental aitudeand previous trainingobserver experience has not always related to
improved detection in other examplasd it may be that observer effects are less prevalent than
anticipated in some field studid3ennett et al. (2018pund limited to nanfluence of observer
experience in targeted surveys, despite a wide range of number of years of vascular plant
experience among 29 individuaMoore et al(2011) found variation among a team of 12
observersn targeted surveyisut could not attribute th to their previous survey experience, and
a consistency experiment using 41 observers failed to detect an effect of observer background
with reasonable consistency within the grgRmgvall et al. 2005)However, thidatter
experiment used very small plot sizes of 0.33nd 0.01 ra Thus, questions of the influence of
observer experience are ongoing witki study representingn example of a consistent pair of
observers.

Inferring species occupancy and trend from survey data requires accurate detection, yet

variability in detection is the norm. | encourage future work focused on detecting graminoids or
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other challenging taxge.g, Asteraceae or Ophioglossaceae). A clear benefit in @Gangxas a

model genus is that many species can occupy a single site, allowing for direct comparison of the
effect of morphology of similar plants under the same site conditions. One cotisidacd

made in this study was the inclusion of growth form,(cespitose and rhizomatous). This may
further influenceCarexdetection, but varies within some species given environmental conditions
and therefore should be measured on ssfierbasisand | encourage future work to consider

this trait forCarexand other graminoids. This study of graminoid detection in boreal
environments found no bias in detection amongfbfens, the potential suitability of using
morphological groupings for difficulgenera, and the importance of biases associated with
abundance of the target species, as well asgéeific factors in influencing detection success

and delays. | hope that this example encourages future work in forested systems using this and

other Pbcal taxa.
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Table 3.1. Generalized linear models relating pseudoturnover of all species (top) and graminoids
(bottom) to sitespecific variables representing different conditions of the search envirorment (
= 50).

Total pseudoturnover

Hypothesis Model K @Al C
Site complexity horizontal cover + mean transect cover 2 0.00
Null null 0 2.02
Richness transect species richness 1 2.12
Low cover mean forb cover + mean short shrub cover 2 4.37
High cover mean tall shrub cover + mean short tree cov 2 5.17
Habitat habitat class 1 11.20
Graminoid pseudoturnover

Hypothesis Model K oAl C
Low cover mean forb cover + mean short shrub cover 2 0.00
Graminoid prevalence mean graminoid cover 1 2.58
Null null 0 3.69
Graminoid richness graminoidrichness 1 5.62
Habitat habitat class 1 4.10
High cover mean tall shrub cover + mean short tree cov 2 6.86
Site complexity horizontal cover + mean transect cover 2 7.01

Table 3.2. Parameters of the best supported generalized linear models rpkdindpturnover of

all species (top) and graminoids (bottom)=(50). All variables were standardized to their mean
prior to their inclusion in candidate models so that their values can be compared among each
other for their effect size.

Total pseudoturnogr b SE
horizontal cover 1.25 0.81
total mean transect cover -1.89 0.79
Graminoid pseudoturnover b SE
forb cover 3.10 1.24
short shrub cover 1.52 1.24
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Table 3.3. Detection probabilitiegt SE) estimated using both repeat surveys (30 minutes each)
and additional 6third surveyd time (30 to 60
PRESENCE across six morphological grouping€aifex(n = 417)

Morphological Detection
group probability + SE
Sessile 0.99 +0.01
Aggregated 0.99+0.01
Sessileremote 0.98 +0.02
Peduncled 0.91+0.03
Singlespike 0.87 £0.05

Smallaggregated 0.82+£0.04
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Table 3.4. Mixed-effect logistic regression models relating detection success vs. failare (
374) (top) or delayn= 417) (bottom) to specieand sitespecific variables. All variables were
standardized to their mean prior to inclusion in candidate models. A random effect of transect

identity was used in all candidate models. The morpholbgicgg r oup O0sessi |l ed was

reference for the variable Amorphol ogi cal gro

Detection failure

Hypothesis Models K Al C

Vegetation cover

andCarex total segment cover + morphological group + species segment cove 4 0.00

morphology

EI\J/Irngphologwal morphological group + species segment cover 3 2.10

Low cover short shrub segment cover + forb segment cover + species segmer 4 9.44
cover

Richness transect species richness + species segment cover 3 15.44

High cover short treesegment cover + tall shrub segment cover + species segrr 4 16.42
cover

Species cover species segment cover 2 17.30

Site complexity total segment cover + horizontal cover + species segment cover 4 17.58

Observer observer identity + species segmeaover 3 17.70

Carexprevalence total Carex segmerttover + species segment cover 3 18.24

Null 1 + transect random effect 1 57.94

Detection delay

Hypothesis Models K mAIl C

High cover short tree segment cover + tall shrub segment cover + spegegent 4 0.00
cover

Site complexity total segment cover + horizontal cover + species segment cover 4 0.20

Species cover species segment cover 2 7.54

Carexprevalence total Carex segmertover + species segment cover 3 8.00

Richness transect speciegchness + species segment cover 3 8.73

Observer observer identity + species segment cover 3 9.53

Low cover short shrub segment cover + forb segment cover + species segmer 4 11.38
cover

gl;/lrg[]pphologmal morphological group + species segment cover 3 14.25

Vegetation cover

andCarex total segment cover + morphological group + species segment cove 4 15.33

morphology

Null 1 + transect random effect 1 22.22
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Table 3.5. Parameters of the most supported migéfdct logistic regression models détection
success vs. failuren& 374) (top) or delayn(= 417)(bottom)of Carex A random effect of

transect was
aquatics) was withheld as the reference for the varialmeo r p hol ogi c al

used

Detection failure b SE
species segment cover  14.50 3.56
total segment cover -0.40 0.20
morphological group
Aggregated -0.04 1.47
Peduncled -1.34 1.13
Sessileremote 0.31 1.28
Singlespike -2.34 1.18
Smallaggregated -2.40 1.09
Detection delay b SE
species segment cover  1.27 0.43
short tree segment cove 0.26 0.23
tall shrub segment cove -0.55 0.21

n
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Figure 3.2. Principal Components Analysis (PCA) of six morphological groupingsanéx

species. Each point represents an individual plant measured in the frek®8). Measurements
used in the PCA include plant height, leaf width, spike/inflorescence length, amdtmumber

of spikes. Means for each species are summarized in Appendix 3, Table A3.2. Axis 1 is related
most to plant height, while Axis 2 is related most to leaf width.
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Chapter4:Per si stence of rare vascular pl ant

4.1 Introduction
Maintaining rare species at provincial and national scales igmafisant cultural and ecological
value. Creating and meeting conservation and management goals for rare species requires
accurate categorizations of speciesd0O rarity a
rarity exist(Rabinowitz et al. 1986; Kunin & Gaston 199@% well as methods for ranking
conservation statu®aster et al. 2012However, all of these approachesyron data
representing the location and status of populations for each species of interest. Historical records
of occurrences, such as those from herbaria or other organizations, are often used to rank the
rarity status of species, as well as estimatmettons, population losses, and range contractions
(Pyke & Ehrlich 2010; Master et al. 2012; Nualart et al. 20H@man activity and changes in
land use, such as those resulting in habitat loss and fragmentation, are the primary cause of local
extirpation of populationCincotta et al. 2000; Stehlik et al. 2007; Godefroid et al. 204ct)
instance, a revisitation study for 63 historic populations of a single vasculaspéggies in
Switzerland observed 24% of populations had been lost which was related to increased levels of
agriculture and fragmentatighienert et al. 2002)The extirpation of these historic populations
can bias the conservation ranking of species if those same records are included in ranking
schemes. This would make a species appear moral@néthan it really is and thus potentially
result in a lower (less at risk) conservation status.

In Alberta, Canada, historical records of rare plant, fungi, and lichen species locations are
maintained by the Alberta Conservation Information Managemgsief® (ACIMS). Species
level observations are submitted by the public, most often by amateur botanists or those

employed by consulting, government, and research agencies. ACIMS assesses these data prior to
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inclusion within their database and then usesetloesurrences to determine the rarity status of
species at the stimtional level. ACIMS uses NatureServe methods to assignatidnal ranks
(S-ranks) to all native species for which data are avail@déester et al. 2012)The rank

calculator used in this method includes entry fields for, among others, range extent, area of
occupancy, number of occurrencesgplations), population size, habitat specificity, and
population trends. Although the calculator is comprehensive, many, if not most, species have
major data gaps for these attributes. As such, ranking is often based primarily on 2 factors: the
range extenas determined by a minimum convex polygon of known populations, and the
number of occurrences within this geographic ékaster et al. 201,2_. Allen, pers. comm.).

This process determines the conservation status of species ff8&, ®ith S1 being

exceptionally vulnerable to extirpation (critically imperiled) &&lbeing common and

widespread (secure). Uncertainty is expressed through combined ranks182).Additional

ranks indicate when species are unable to be assessed due to extinction, provincial extirpation,
lack of taxonomic resolution, or insufficiedata.

Population records for rare vascular plants are often collected and submitted to ACIMS
by consultants as part of a gisturbance assessment (PDA) rare plant survey conducted on oil
and gas leasdalberta Native Plant Council 2012; Alberta Energy Regulator 20@#4)and gas
extraction is a substtal disturbance in Alberta resulting in habitat loss and fragmentation
(Rooney et 2012; Dabros et al. 201.8piven the nature of PDA surveys, population records
available for rare species often fall within proposed development footprints resulting in direct or
indirect disturbances to populations of conservation concern. Thergéfese records may be
more likely to experience changes in land use, and hence population threats, than those not

occurring within proposed developments and identified by the general public, government, or
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academics. For example, seismic lines, lineaufea which are characteristic of oil and gas
exploration, have been shown to influence growth, diversity, and competition among vascular
plants(Dabros et al. 2017while surface minig operations represent large footprints which
remove all surficial soil layerdRooney et al. 2012 his raises concerns regarding the use of
records associated with pdésturbance assessments in provincial ranking of rarity and
conservatn status. Inclusion of populations that are more likely to be extirpated by disturbances
could firstinflate the total number of recorflsr a speciesas well apotentially exaggeratine
provincial geographic rangedisjunct populations are lost thsturbancepotentially resulting
in misapplied rarity status for species.

To address these concerns, | measured the amount of fomtarmnt within and
surrounding historical rare vascular plant populations for the oil sands region and field visited 62
of these populations during peak flowering periods for each species in northeast Alberta. At each
field site, | identified whether historic rare plant populations persisted or not to test whether oll
sands developments pose threats to known rare planiatiops. More specifically, | asked
whether land use activities, record age, or initial reported size of population relate to patterns in
rare plant persistence. | predicted that persistence of rare vascular plants will be negatively
related to age of recth andthe amount of surrounding area covered by human footprint (i.e.,
land which has been modified for either oil and gas production or other anthropogenic agtivities)
while being positively related to historic population size. | further anticipatédhistarical
populations falling within conventional mining leases would be subject to higher levels of

footprint then those on 1gitu leases.
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4.2 Methods

4.2.1 Study area and included datasets

To examine the potential relationship between oil and gas extraction and rare plant population

persistence, | focused on the Oil Sands Area (OSA), located in northeastern Alberta (Figure 4.1).

The OSAis comprised mostly of boreal forestd coversoughlyone fifth of the province (21%

or 140,000 krf) and includes all major oil sands deposits in Albertaeaghtnatural sub

regions. Oil (bitumen) is extracted via two main methods, conventional surface mining which

occurs only where bitumen deposits amselto the surface and-#itu extraction, which

typically uses steam assisted gravity drainage (SAGD) or other solvents to extract deeper

bitumen deposits via wells. Areas where surfacing mining is possible are limited to only 4,800

km? (3.4% of the OSA}urrounding the areas of Fort McMay and Fort McKay (Figure 4.1).

These two extraction methods differ greatly in their footprint, thus | considered areas leased for

mining (surface) and #situ development separately. | obtained publicly available peca@linil

sands lease and protected area boundaries from the Government of (Alibenta Environment

and Parks, 2018&)nd classified rare plant populations by lease type (mining vs. commescial in

situ) and protected area status. Lease boundaries weeatdar 2015, protected areas to 2018.
Locations of rare vascular plant populations were obtained from the publicly available

ACIMS database (Alberta Environment and Parks, 2017). This public dataset includes spatially

represented populations (polygonskwfgle species ranked from S1 to S3 (where Sl is critically

i mperiled and S3 is vulnerable) which are cur

observations of 407 species. Here, | considered only those populations which fell within the Oil

Sands Aea boundary, resulting in 209 populations of 49 unique species, the most recent records

having been submitted in 2015. Populations are represented as polygons in a Geographic

56



Information System (GIS) whose shape and area relate to either the originattgdep

population extent, reported uncertainty in the location, or mapped shapefiles submitted directly
to ACIMS. Further information includes the date of observation (record age) and polygon area.
Populations may be made up of more than one polygongckisters of an orchid species in a

small local areakor the purposes of this analysis, all gudbygons of a single record were
considered a single populatiorhus, the term population as it is used here reflects observations
submitted to ACIMS as a single entry. This does not reflect the spatial distribution of individuals
within these mapped polygons, or the differences in species abundance betweelyguis of

a single record.

The publicly available Human Footprint Mapping Layer (2014) from the Alberta
Biodiversity Monitoring Institute (ABMI) (ABMI 2016) was used to determine the amount and
type of footprint present across ACIMS populations. Footprintides all forms of
anthropogenic disturbance, including soft features, such asmada clearings and trails, as
well as industrial features, such as permanent facilities. Within the Oil Sands Area, 132
classifications are used to describe footprint typeas., landfill, oil sand mines, transmission
line, etc.) and the classification was current to 2014. For the purposes of concisely summarizing
disturbance types within the region, | simplified this classification to 15 broader categories (e.qg.
residentid in-situ structure), and separated those related to oil and gas vs. those related to other
activities (Appendix 4, Table A4.1).

Next, | determined the amount and type of disturbance within originally reported
population polygons by comparing ACIMS poptiga polygons with the ABMI Human
Footprint Mapping Layer in ArcMap version 10.3.1 (ESRI 2015). Concentric ring buffers were

created around all populations at radii of 10 ,1(0m), 100 m (1400 m), and 1 kilometer (100
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m - 1 km), representing adjacengighbouring, and distant disturbances. These were again
compared with the ABMI Human Footprint Mapping Layer (overlay analysis) to quantify the
amount of footprint (later simplified to 15 categories [Appendix 4, Table A4.1] and oil and gas
or nontoil andgas) in each buffer class. Given that population polygons were of different sizes
(area), | determined the proportion of disturbed area by dividing the total disturbed area by
population or buffer area. | compared the proportion of both oil and gas a+uil mml gas
footprint between original polygons and all three buffer classes for records on and off lease

areas, and between mining anesitu leases using unpaired Wilcoxon Rank Sum tests.

4.2.2 Assessing status of historic rare plant populations in tHeld

Field crews visited 62 historic ACIMS populations (sites) representing 26 vascular plant species
within the Oil Sands Area between June and August of 20£4@) and 2017r( = 20) (Figure

4.2). Sites were stratified based on logistical constramtisselected to encompass a range of
landcover and disturbance types, including terrestrial and aquatic areas. In each year a team of
two observers with previous vegetation experience were trained to recognize target species prior
to survey. Teams visitegach population during the period when species were expected to be
flowering to increase detectabilifitéry et al. 2006; Garrard al. 2014) At terrestrial sitesn(=

49), surveyors performed time unlimited searches of a circular plot with a radius of 50 m around
the center of each originally reported polygoraximum search area of 7,856)nField crews

only visited sites whig had a high degree of spatial accuracy in the ACIMS database, as it is
unfeasible to search polygons whose mapped extent is large (e.g., up to kilometers in radius) and
whose spatial accuracy is poor. Where a single population, as the term is useééere, w
represented by syiolygons, a centroid was created for eachullggon and the search

protocol was applied to each centrdicany individualsof the target species werelocatedin
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any of the sulpolygons, thapopulation was considered extaRbr those records represented by
a single polygon, only a single centroid was created and searched\ffwn.a site had been
cleared with major soil disturbance (eawellpad surface), the cleared area was given a
precursory scan and the search radias established around the edge of the feature (e.g.,
beginning from the vegetated edge of wellpad). Transect tapes and a handheld GPS were used to
ensure that the search radius was adhered to and the total search area was covered. For aquatic
open wateriges f= 14), a small inflatable boat was used for all surveys with one observer
paddling in concentric rings inward from the wetland margin while the other observer searched
for the species. Observers recorded the time of detection when target speeiescwsentered,
and the total time spent surveying where species were not encouAldredgh many historical
populations were in close proximity to one another, only 3 were directly overlapping at a single
site within a protected area (La Saline Natduada), thus, in the vast majority of cases observers
searched for a single target species.

At each populatiotocationl assigned a broad landcover type based on-6germined
categories. These included (1) aquatic (i.e., open water), (2) lowlanar (), (3) upland (a
wide category consisting largely of mixedwood stands), (4) riparian (lake or river edges), and (5)
highly-altered. A site was classified as higlallyered where the soils had been modified by
human activity such that they were nodenin a natural state (e.g., gravel wellpad surfaces,
pavement). Disturbance, both natural and anthropogenic, was present across all habitat types
with the highlyaltered classification only assigned to those sites modified to the extent
described. To immve confidence in reported extirpations, four populations reported extirpated
in 2016 were resurveyed in 2017 to confirm absence of the target species. This was additional to

the 20 historical populations surveyed in 2017.
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4.2.3 Statistical analysis ofiéld data
To assess the effect of human footprint on persistence of rare plant populations surveyed in the
field, | considered the proportion of oil and gas or-odrand gas human footprint within and
surrounding originally reported polygons and threecemtric ring buffers (610 m, 10- 2100m,
and 100 m1 km) to determine at which scale footprint correlated with plant population
persistence. Additional predictor variables expected to influence persistence included record age,
most prevalent disturbantgpe within the original polygon, and landcover type (Table 4.1).
Persistence of rare plant populations across all sites was assessed using logistic regression where
the detection of rare plants in fi elatdnsasi si t s
a N0o0. Candidate explanatory variables are th
variables were log transformed. All analyses were conducted in R version 3.4.3 (R Core Team,
2018) wusing t (Batesptalc2Wldgtlea sériesmiecdndidate models compared
using Akaike Information Criteria (AIQBurnham & Anderson 2002) employed single
variable model$o explore which of these candidate variables was best supported in explaining
observed persistence of rare plant populations.

Given that detectability of rare plants cannot be assumed to be [btémtfenzie et al.
2002; Kéry et al. 2006; Chen et al. 201‘@ported rates of persistence are likely under
estimated, altough | do not expect bias in detectability among sites based on site covariates
tested here. To better understand the difference in effort expended to detect small vs. large
populations in the field, | compared survey effort (time) with population sidetetted target
species using generalized linear models (regression). Both variables were log transformed prior

to analysis to normalize variables.
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4.3 Results

4.3.1 Relationship between survey effort and population abundance

Surveyors searched the spemifarea exhaustively at all 62 field sites. At maximum, 21 person

hours were spent at one site (a total effo@.66 minutesh?), although in many cases £ 31)

the target species was detected withien five m
applied when the species was located prior to beginning the formal search, i.e., upon arrival.
Supporting my expectatioexpendedurvey time was negatively related to population gize (

0.48,p <0.001). Median total search time per observer vwapenies were encountered was <

minute (range: © 110,»= 13.8, SE = 3.69), but where species were absent median search time

was 180 minutes (rangei330,x= 215, SE = 60.07All populations >50 individuals1(= 22)

were detected within three minutelssuvey time (median %, range01 3,»= 0.18, SE = 0.14).

4.3.2 Assessing oil sands footprints in proximity to historic rare plant populations
Approximately half (109, 52%) of regional ACIMS populations fall within areas currently leased
to oil andgas companies. Of these on lease populations, 42% (46) occur on leases designated for
surface mining extraction of bitumen (mines) and 58% (63) occur-situeases. At present,
only 9% (18 populations of 14 species) of rare plant populations curfalhtlyithin
provincially protected areas. Notably, of 10zsitu leasesvithin the Oil Sands Area, roughly
onequarter (22%, 23) have a reported rare plant population within their boundary (average lease
area of 157 ki), as compared to nearly three daes (12) of the 15 mining leases (average area
of 172 kn?). Recorded age of occurrences (by the date at which they were first submitted to
ACIMS) is relatively recent, with a mean age of 12 years (rangé 862 SE = 0.82).

Anthropogenic footprint is tatively common among the 209 historical plant
populations in the oil sands area with just under half of populations (45%, 94) having some
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amount of oil and gas footprint within the
have greater than halig¢ir originally reported extent overlapped. At adjacenti0 m),
neighbouring (10 100 m), and distant (100 sl km) distances, 48% (101), 70% (147), and
95% (199) of populations have some amount of oil and gas footprint respectivelgil dod
gasfootprint (e.g, residential, agriculture) within population polygons was less frequent, with
22% (46) of populations having directly overlapping fwilrand gas footprint. At adjacent,
neighbouring, and distant distances, 28%, 42%, and 69% of populatie@some amount of
nontoil and gas footprint respectively.

Thetwo most common footprint types overlapping populations were soft linear features
(e.g., seismic and power linem)din-situ structures (e.g., wellpad®othmainly associated with
in-situ extraction(Table 4.1). Despite the large size of surface mining operationsfoamly
populations were shown to have an oil sands mine as their most prevalent disturbance type
within the original polygon (Table 4.1). Results of unpaired Wilcoxon ranktssts for oil and
gas footprint between on and off lease areas suggest significant differences at all scales, where
those populations on lease have higher proportions (Figure 4.2a, Table 4.2). Compstingpin
mine leases again demonstrated that tbegmtion of oil and gas footprint was significantly
different at all scales, where populations ositn leases have a greater proportion of their
immediate to distant area disturbed (Figure 4.2b, Table 4.2). Using the same comparison to
determine differeces in the prevalence of noil and gas footprint demonstrates that on and off
lease areas have no significant difference at any scale (Figure 4.2c, Table 4.2). Populations on in
situ leases have significantly higher proportions of-atband gas footpnt at all scales
excluding within the original population as compared to those on mine leases (Figure 4.2d, Table

4.2).
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4.3.3 Field surveys of population persistence

Rare plant populations were successfully detected at 48 of 62 sites (77%) (Table th&)1Of

presumed extirpations, eight were located within oil sands leases resulting in estirdatgbon

persistence of 79%, versus six located off lease for an estimated persistence of 75%. Estimated

persistence for the 26 rare species examined varied@tandcover types ranging from open

water wetlands to conifedominated uplands (Table 4.&urprisingly, # populations persisted

in aquatierelated habitats (open water wetlands, riparian, and lowten@®2),while 63%

persisted in upland sites £ 29), and 64% persisted in higkdjtered sitesn= 11) (Table 4.4).
Results of logistic regression with AIC model compariebnine candidate logistic

regression modelsuggested that disturbance metrics (proportion and most prevalent disturbance

type) did not relate to local patterns in persistence (Table 4.5, Figure 4.3). Footprint proportions

within buffers were too highly correlated to be included within the same r{ibalgle 4.5) The

most supported model contained landcover type, reflectinggh@eesistence in wetland and

lowland habitats (Table 4.6). Initial population size was reported to ACIMS for only 45

populations and thus was examined separately. Model comparison using initial population size,

record age, and their interaction, is repdrtor this reduced dataset (Table 4.7). Larger initial

reported populations had a positive effect on persistence with no evidence of an interaction with

record age (Table 4.8, Figure 4.4), where didl@ increase in population size resdin a 2

fold increase in the probability of persistence. Finally, additional revisits in 2017 of four sites

recorded as extirpations in 2016 found only one falsgence (failure to detect the target species

when it was preseptin the case of a singRotentilla bimurorumSojak growing

approximately 100 m from the original populaticertroid on a sparselyegetated powerline.
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4.4 Discussion

4.4.1 Extinction debt in in the Oil Sands Area of Alberta, Canada

Over half of the rare plant population records (209) within the Oil Sands Area occur within lands

leased to oil and gas activity, with high frequency of overlapping and nearby oil and gas

footprint. This indicates that the records maintained by ACIMShisrregion are, in large part,

a product of environmental impact assessments completed by industry and consultants prior to

developing an area, and that these populations occur in a landscape with widespread human

footprint. Field surveys of 62 of thesegutations indicated an overall estimated persistence rate

of 77%, which | acknowledge may remain an ureltimate given the potential that some

populations were overlooked during field surveys. | found that records in acglatied

habitats, such as @pian areas and small open water wetlands, always persisted, while |

observed an estimated persistence rate of only 64% for populations in uplands areas. This is

interesting, as wetlardssociated species would be expected to be particularly susceptible to

hydrologic changes caused by road construdftitiier et al. 2015) or further from

eutrophication caused from human actikneitel & Lessin 201Q)It is possible that wetland

areas may be avoided during construction in some cases due to practical constraints, or that

hydrological changes have yet to cause extirpation of these populations, as it has been noted that

advese effects of road construction may take decades to become obvious, i.e., there is a time lag

between construction and reduction of populatigisdlay & Bourdages 2000Notably, two

wetland plant populations, although persisting, appeared in poor health at the time of survey.
Previous work has correlated increased human activity, particularly intensive agricultural

practices or urbanization, with population loss and/ocisgeextinction(Lienert et al. 2002;

Stehlik et al. 2007; Van Calster et al. 2008; Dolan et al. 2011; Pergl et al, gét@jsturbance
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metrics which represent land use change surrounding or overlapping posiaére not

supported in explaining field observed persistence. There are therefore two important arguments
to consider before concluding that persistence of rare vascular plants in this region does not
relate to human footprint, specifically oil and gakated footprints. First, the means by which oil

and gas activity may negatively affect plants, for example hydrological changes due to road
constructionMiller et al. 2015) fragmentation effects from extensive seismic line networks
(Dabros et al. 2017pr aerial deposition of contaminated dust from construction or processing of
oil resourcegMullan-Boudreau et al. 201,7/)vere not directly measured here. These factors

would in theory be equivalently likely to affect population®tighout the region, on both on

and off lease areas. Instead the metric of proportion of surrounding footprint best represents
direct removal of vegetation due to construction or local impacts such as soil alteration or canopy
removal. Although sites on alind gas lease areas were anticipated to be at greater risk of
extirpation due to direct removal of vegetation or other immediate effects due to increased
construction within lease boundaries, | did not observe any trend of lower persistence between
on andoff lease populations (79 and 75%, respectively), Therefore, it appears that currently, rare
vascular plant populations are rarely immediately lost to construction activities within lease
boundaries, and no more so than those occurring withilease agas.

Extinction debt, the concept that populations are doomed to extirpation or indeed, entire
species to extinction yet they persist on the
important aspect to consider and has been noted in othetagorsiwork to historical plant
populationgStehlik et al. 2007; Godefroid et al. 2014) some cases, extinati debts for forest
plants have been shown to persist for up to 100 years or(Meliend et al. 2006)In the Oil

Sands Area, development and expansion of the oil and gas industry has been occurring since the
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19706s, a t ihan&0 ysapfBoti 2004) Fuithersraad dffects on wetland glaim

Canada have been shown to exhibit this(Rigdlay & Bourdages 2000Y he background rate of
extirpation for boreal plants in this region is unknown, thus comparisary observed

persistence rates to other areas with low disturbance is not feasible. However, it should be noted
that all of the extirpations observed here occurred within upland areas, and an estimated
extirpation rate of 35% for upland forest recordschiare relatively recent in age is not

negligible, and may indicate that extinction debt is present in this region.

Based upon the observed 14 extirpations, all occurring in uplands, the causes of seven are
evident and the remainder unknown. Three exiiopaton oil and gas lease areas were in highly
altered habitats where vegetation removal and habitat destruction were the presumed cause of
extirpation Malaxis paludos&w., Carex vulpinoideaMichx., andLactuca biennigMoench)

Fern.) accounting for onl§% of field surveyed populations. The remaining four instances where
the cause of extirpation was evident included one observation in a crop field where a small
wetland previously containing the annual spe@eatiola neglectehad been drained and

plantad, and three populations of two perennial orchid species which had been severely burned in
2011 Cypripedium acauldit., n= 2) and 2016%piranthes laceréRaf.) Raf, n=1). It is

important to note the remaining seven unknaanse extirpations werd species capable of
vegetative dormancyspiranthes laceraCypripedium acauleSceptridium oneideng&ilbert)

Holub., andBotrychium crenulaturiV.H. Wagner), although the extent to which they exhibit

this trait in the study region is unknown. Thus, fadence in assumed extirpations of these

species is lower than others. Even if we consider these seven records as potentially erroneous, it
remains that upland forests in this region have incurred an estimated extirpation rate of 20% over

a relatively shdrtime span.
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4.4.2 Species traits in revisitation studies of historical rare plant populations

Species traits may further play a role in the relationship between human footprint and rare plant
populations in the Oil Sands Area. Previous work has founélation between species traits

and extirpatior(Saar et al. 2012although Godefroid et al. (2014) cautions that extrinsic factors,
such as habitat loss, rather than reproductive traits, are the major drivers of speciesQfecline

the 26 species surveyed in the field here, three are noted as ruderal spaciamine

parviflora L., Carex vulpinoideaandPotentilla bimundorumand one is associated with habitats
expected to experience high levels of natural disturbdratbyrus palustrid.., a species

associated with riparian margins of lakes and rivigsime 1979) Broadly, boreal forest plants

tend to be streg®lerant(Grime 1979) and this biome is characterized by frequent disturbance
events, such as wildfire and insect outbreaks with short, cool growing seasons. Conditions which
typically follow natural disturbance may, in the caseunferal species, be mimicked by soft
disturbed features, such as vegetated wellpad edges or road ditches, which provide exposed
mineral soil and removal of trees resulting in higher light conditions. Ruderal species, for
exampleCarex vulpinoideandPotentilla bimundorum are associated with ditches and waste
areas, and therefore areas of high light and exposed mineral soil. Field observations of these
three species were of healthy populations growing in moderately to highly disturbed habitats
(e.g, pavanent cracks at an airport and gravel substrate surrounding wellpads). Thus, when
anticipating the relationship between rare vascular plants and human footprint, such as oil sands
development, species traits are an important consideration, and distudztncesf may, in fact,
provide habitat for a number of ruderal species which are of conservation concern. Relating to

extinction debt, as noted in other work, some species may be less susceptible to decline under
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human development, or may be slow to realmr extinction debt given their traifgellend et

al. 2006)

4.4.3Survey effort in the Oil Sands Area and noAmandatory reporting

It is likely that the ACIMS database underrepresents regional vascular plant populations due to
low survey effort and inconsistent reporting. Only 209 records of rare vascular plants are
available for the Oil Sands Area, a density of 0.001 occurrencgdikely in part a product of
accessibility, as large areas have little to no road access and thusestoxtag low. It is likely

that the ACIMS database is therefore biased to higher survey effort in areas of greater
development, i.eclose to roads, an issue common to many conservation dqGiadés &

Nielsen 2015)While PDA surveys are mandatory for some project developments whniOil

Sands Area, submission of records to ACIMS is only encouraged, rather than mandated, and thus
this dataset is likely representative of only a portion of the rare vascular plant populations which
exist in the region, even within lease areas. faurtihere are important considerations in how
survey effort is applied within lease areas. Regionally, only 22%sifurleases report a rare

plant population, and these occur at a density of 0.004 occurrenéesémthe total area leased

to this extration type. This low frequency and density may reflect first that lease areas are
almost never fully developed, and survey effort would only be applied to areas where
construction is planned, therefore the ACIMS database may-veitlsst populations withm

lease areas. Second, between 2011 and 2015 the number of oil sands leases in the region
increased from 61 to 115 with only three of these for mining operations and 56sftur. it is

possible that newly approved oil leases are still undergoing dewetdand records of rare

plant populations may be forthcoming as development of these areas begins.
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Considering mining leases, perhaps due to their small number within the region, mines
in fact report a higher density of rare plant population occurrefd@2 occurrences/kinand
report a population much more frequently than deiin leases. However, because oil sands
mines represent major, continuous footprints (up to 20%) within the Oil Sands Area,
removing vegetation and surficial soil layetsgsilogical to anticipate that their construction
would lead to local population loss. This low density of records is likely to relate to effort in
surveys, as it is improbable that jhsturbance surveys could cover the entirety of a mining
operation pior to construction within a short time span (iaagroup of individuals working
within a limited growing season), and therefore we would expect lower effort per unit of
developed land than would be expected for smaller, more compsiti ilevelopmentévhere a
typical wellpad is roughly a quarter hectare in size and thus feasible to search within a short time
span). Although | had anticipated greater losses to surface mines, given their larger, more
intensive footprint, this was not observed in fialdv®ys, where instead persistence was
equivalent across these two lease types. However, it is important to note that althsitugh in
mining disturbs less area than surface mines, there are arguments that the effects of
fragmentation caused by-gitu pratices(Dabros et al. 2018nd increased demand for natural
gasto supply insitu development, results in approximately equivalent area of land disruption
(Jordaan et al. 2009ut fragmentation was not considered as a metric in this study.

While the overall regional survey effort and application of effort within lease areas may
be inconsistent with the ACIMS database, and the degree to which observed populations are
not reported to ACIMS is unknown, | argue that their application here remains valuable, as these
data are the primary and most comprehensive source for historical vascular plaist record

available within this region. However, | acknowledge that these inconsistences may make
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establishing relationships between footprint and vascular plants challenging. In future,

mandatory reporting is highly encouraged for PDA survey results, and oreghiogtion of the
importance of submission of records to ACIMS may further promote a greater number of records
submitted by those surveying for personal or academic purposes in the region. These data can be
applied to gain understanding in not only persiséegiven surrounding footprint as examined

here, but regional rare plant distribution and relationships to landscape features, thus their

collection and submission has important value.

4.4.4 Survey effort and detection of target species

There was a stronglationship between search time and abundance that may help guide future
resurvey efforts. Al popul ationsd O50 indivi
maximum effort of 0.0004 minutesfiin contrast, maximum effort expended where the targe
species was located was nearly two hours to locate six individuals within the search area, an
effort of 0.01 minutes/f) nearly 25 times greater effort than was expended for a large

population. This illustrates that survey results for species knowrcto othigh abundance are

likely more reliable than those for species which occur at low abundance when search effort is
not recordedMcCarthy et al. 2013)a common practice in rare plant surveys conducted in this
region. When populations are expected to be small, such akauwtiinca biennishigher survey

effort will be required to ensure adequate detection and achieve confidence in reported absences.
If future surveys for rare plants consistently report effort expended based on population size and
the presence or absence of target species, we can begin to undéestiffdrences in required

effort for small populations and ensure confidence in reported absences, and therefore use this
information to set minimum survey effort as seen in Australian guiddl8tase of New South

Wales 2016)The development of these relationships is a key reason to support improved
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consistency in reporting of survey effort. In these field visits, high survey effort at sites with

reported absences, particularly those with species capable of vegetative dormancy, and the
teamds demonstrated ability to detect smal.l p
confidence in these results. However, | acknowledge that as with most plaes stiielse

findings represent underestimates of persistence.

4.4.5 The role of long term monitoring in assessing population extirpations within the Oil
Sands Area and future revisitation efforts
It is important to consider that population recruitment, theaind species longevity are beyond
the scope of this project. These results represent a snapshot in time of a rapidly developing
region(Rooney et al. 2012and longterm monitoring would be required to fully understand the
dynamics of efirpation of rare plant populations in the Oil Sands Area. It is therefore possible
that over time trends may appear in the relationship between footprint and extirpation that were
not observed in this study, i.e., the realization of extinction debt ®dias to direct effects of
ongoing development. Finally, encountered pop
the 48 persisting populations surveyed in the field. Thirteen of these small populations occurred
on lease areas. Sites with small papiohs are likely the most vulnerable of those assessed with
extirpation possible through stochastic proce¢Saaffer 1987; Kunin & Gastorf97), meaning
that my estimate of population persistence may be-esttmated if these populations are subject
to greater losses over time.

Although I did not correlate oil and gas footprint with population extirpation, an
estimated persistence rate/@% demonstrates a concern for the ongoing use of these data in
rarity ranking or other conservation applications. If my initial findings from this survey are

representative of the condition of ACIMS recorded rare plant populations across the region, it
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feasible that some species could, or may in the future, have misapplied ranks if historical records
are not verified prior to use in ranking exercises. It is evident that extirpated populations are
currently included in the provincial dataset used (2886 of records), and | would encourage
continual monitoring of populations or revisitation prior to future conservation status
assessments that use these (Mtsster et al. 2012)Thus, | suggest the development of
revisitation standards for assessing the status of rare plant populations in the Oil Sands Area.

If future monitoring efforts of these populatioas® made in this region, | would
suggest the following framework for development of a prioritization scheme for revisitation.
First, those species ranked S1 or S2, and additionally any species ranked at G3 or higher
(regardless of their provincial rankinghould be the highest priority for revisitation. Species
with ruderal traits, such as those noted here, should be downgraded in priority, provided they do
not meet these criteria. Next, initially reported population size can act as a second priority, as
these populations may be more prone to extirpation due to stochastic events, but further that they
will require greater survey effort than large populations. As such, multiple observers or repeated
visits over years may be required to ensure adequate¢ leffobeen expended to declare them
extirpated. In closing, the relationships between oil and gas footprint, species traits, and
population longevity are complex in this region and are almost certainly not equivalent among
species, nor fully understood @iv the short time frame of oil and gas expansion and the young
age of regional records. Further work concerning boreal plant traits is of interest, in particular
where species with ruderal traits living under frequent disturbance regimes from fire atsl inse

may show less response to human footprint than those in other areas.
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Table 4.1. The most prevaleniraplified footprint types directly overlappirmgported Alberta
Conservation Information Management System population polyigahe Oil Sands Area

where 108 of 209 regional records have directly overlapping footprint (58éA ppendix 4,
Table A4.1for description of full classificatiarNote that polygons could contain more than one
footprint type and only the most prevalent is summarized below.

No. of polygons with

Footprint type overlapping footprint
(n=108)

linear feature 48
in-situ structure
agriculture
road
forestry
oil and gas structure
miscellaneous industrial
oil sands mine
residential
airport
reclaimedand
cleared/disturbed ground
residential

=
a1

P PNNWDKADIMOOOOO OO
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Table 4.2. Results of unpaired Wilcoxon Rank Sum tests for the proportion of oil and gas and
nonoil and gas footprint within originally reported Alberta Conservation Information
Management Systepopulation polygons on and off lease areas (left), and betwestuiand
mining leases (right) in the Oil Sands Area.

On vs. off lease areas In-situ vs. mine leases
Oil and gas
footprintg W b W P
original polygon 42240 0.002 915.5 <0.001
10 m 35070 <0.001 940.5 0.001
100 m 30680 <0.001 9010 <0.001
1 km 27340 <0.001 7970 <0.001
Non-oil and gas
footprint ) W P W b
original polygon 59550 0.111 1271 0.107
10 m 60900 0.063 1173.5 0.021
100 m 5469.5 0.961 1133.5 0.034
1 km 5217.5 0.590 1030 0.009
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Table 4.3. Observations of 26 species surveyed at 62 field sites in the Oil Sand$\keeage
population and population range denote field estimates of encountered populations of each
species* denotes those observations where individuals lacked the reproductive structures
necessary to confirm specikewvel identification and thus it is assumed that the initial
identification of the population was correct. All other records were confirmédu tepecies

level.

average
. 0. N.O' . pop”n Pop”n
Species Common name Srank records per(i/los)tmg where range
persisting
Botrychium crenulatum Scalloped grapéern S3 1 0 (0) - -
Cardamine parviflora* Small bittercress S2 1 1 (100) 5 -
Carex oligosperma Fewfruited sedge S3 2 2 (100) 1000 1000
Carex vulpinoidea Fox sedge S3 3 2 (67) 8 6-10
Cypripedium acaule Stemless ladyslipper S3 9 6 (67) 60 1-180
Dryopteris cristata Crested shield fern S3 5 3 (60) 36 15- 85
Elodea canadensis Canada waterweed S2 2 2 (100) 515 30- 1000
Eutrema salsuginum Mouseear cress S1 1 1 (100) 200 -
Gentianopsis detonsa spp. raupii  Northern fringed gentian s1 1 1 (100) 150 -
Gratiola neglecta Clammy hedgenyssop S3 2 1 (50) 3 -
Houstonia longifolia Long-leaved bluets S3 1 1 (100) 1 -
Isoetes echinospora Northern quillwort S2 2 2 (100) 17 5-30
Lactuca biennis Tall blue lettuce S3 4 2 (50) 1.5 1-2
Lathyrus palustris Marsh vetchling s1 1 1 (100) 100 -
Liparis loeselii Loesel's twayblade S2 1 1 (100) 30 -
Malaxis paludosa Bog adder'snouth S2S3 2 1 (50) 35 -
Najas flexilis Slender naiad S3 5 5 (100) 100 100
Nymphaea leibergii Pygmy watedlily S2 4 4 (100) 62 50-100
Nymphaea tetragona White watelily S2 1 1 (100) 75 -
Phegopteris connectilis Northern beech fern S3 1 1 (100) 75 -
Plantago maritima Seaside plantain s1 1 1 (100) 50 -
Polygaloides paucifolia Fringed milkwort S2 5 5 (100) 464 20- 1000
Potentilla bimundorum* Branched cinquefoil S2 2 2 (100) 150 1-300
Sceptridium oneidense Blunt-lobe grapefern s1 2 1 (50) 20 -
Spartina pectinata Prairie cord grass S2 1 1 (100) 1 -
Spiranthes lacera Northern slender ladies'
tresses S2 3 0 (0) - -
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Table 4..4. Persistencamong 62 historical rare vascular plant populations of 26 spadies
Oil Sands Aredy landcover type and current land use.

Upland Altered Riparian Lowland Aquatic

no. persisting no. persisting no. persisting no. persisting no. persisting
sites (%) sites (%) sites (%) sites (%) sites (%)
In-situ lease 10 6 (60%) 7 5 (71%) 1 1(100%) 3 3(100%) 5 5 (100%)
Mine lease 3 2(67%) 2 1(50%) 2 2(100%) 1 1(100%) 4 4 (100%)
Protected

4 4(100%) - - - - - - 1 1(100%)
area
Public or o o i i 0 0
brvate fand 12 7(G8%) 2 1(50%) 1 1(100%) 4 4 (100%)
;‘t’éi' no- 30 19(63%) 11 7(64%) 3 3(100%) 5 5(100%) 14 14 (100%)

Table 4.5. Results of AIC model selection of ten single predictor candidate logistic regression
models of rare plant population persistente 62). All continuous variables were log
transformed prior to inclusion.

Model K AIC @Al
landcover type 1 61.78 0.00
oil related disturbance within 10 m of population 1 68.24 6.46
null 0 6824 6.46
oil related disturbance within ACIMS population 1 69.20 7.42
oil related disturbance within 100 m of populatior 1 69.65 7.87
oil related disturbance within 1000 m of populatic 1 69.93 8.15
record age 1 69.95 8.17
land use 1 70.60 8.82
simplified disturbance type 1 82.33 20.55

Table 4.6. Model parameters of the best supported logistic regression model of rare plant
populationpersistence inthe Oil Sandsarea( 6 2) . The category OoO6upl ani
reference for the variable Al andcover typeo.
margin sites had perfect persistence.

Model parameter b SE p
Intercept 0.64 0.39 0.100
Landcover type
Aquatic Perfect persistence
Lowland Perfect persistence
riparian margin Perfect persistence
highly-altered -0.08 0.74 0.911
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Table 4.7. Results of AIC model selection of three candidate logistic regressiolels of rare
plant population persistence using a reduced datase$§). All continuous variables were log
transformed prior to inclusion.

Model K AIC oAl
initially reported population size 1 4292 0.00
initially reported population size + recosde 2 44.82 1.9
initially reported population size *recordag 3 45.53 2.61
Null 0 49.67 6.75

Table 4.8. Model parameters of the best supported logistic regression model shown in Table 4.7
(n = 45). Initially reported population size wiag-transformed prior to inclusion in models.

Model parameter b SE p
Intercept 0.43 0.49 0.390
initially reported population size 0.69 0.30 0.019
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Figure 4.1. The Oil Sands Area of Alberta, Canada, showing lands leased for the extraction of
oil via in-situ or conventional mining and protected areas. Upper inset shows Alberta relative to
North America. Lower inset shows typical rare plant population polygons, which can be irregular
in shape and of varying size.
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