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Preface
Terrestrial Vascular Plant Monitoring Project for the Lower Athabasca (2012- 2016)
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Committee for the Lower Athabasca (EMCLA) Rare Plants Project. This project is the result of a
collaborative effort between Dr. Scott E. Nielsen (Applied Conservation Ecology Lab,
Department of Renewable Resources, University of Alberta) and Monica Kohler and Dr. Dan
Farr at the Al berta Biodiversity Monitoring
2012 and is ongoing.

This projectwas initially fundedthrough the Ecological Monitoring Committee for the Lower
Athabasca (EMCLA)2012) Funding underwent several changes in governance, including the
Joint Oil Sands Monitoring (JOSM) initiative from 2062814, and the Alberta Environmental
Monitoring, Evalation, and Reporting Agency (AEMERA) in 2015. Current funding is received
through the Environmental Monitoring and Science Division (ESMD) of Adbenvironment

and Parks, a division of the Government of AlbeBlacks Unlimited provided wkind support
throughout the entirety of the project by making available their Enhanced Wetland Classification
for the Lower Athabascd&urther funding was obtained through Natural Sciences Engineering
and Research Council (NSERC) Canadian Graduate Scholaiishipasters (CGSM) and
Collaborative Research and Development grants and through the Alberta Conservation
Association Grants in Biodiversity.
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Executive Summary

Preserving biodiversity ihumanaltered landscapes is a critical conservation issue. Developing
sciencebased recommendations and evaluating témidand managers are important parts of

the conservation process and the means by which biodiversity and ecosystem function can be
preservedin close proximity to human disturbance. Vascular plants are rarely affoheed
conservation limelight, despite beimgcritical element foregional diversity and providingn

array of ecosystem services. Rare species are also an important aspect of regiobatk flora
patterns in their occurrenceethods to monitor them, and mitigation optitmsleal with human
disturbancesre often poorly understood

The effects of oilath gas expl oration and extraction in
and in many cases not well understoget,land managers requireformation anddata to make
decisionsat site to leasscalesandwhere possiblenitigatetheir impacts. Provin@l monitoring

efforts by the Alberta Biodiversity Monitoring Program do not occuthatscale neededto

provide information about regional diversity and rawithi n Al bert ads oi | and

In 2012 the Terrestrial Vascular Plant Monitoring Prbfec the Lower Athabasca, known at the
time as the Ecological Monitoring Committee for the Lower Athabasca Rare Plants ,Rvagect
initiated to inform the status of rare vascular plant spetéssprotocolsto improve sampling
and monitoring, and dev@b models to assist with management of rare placritsss the Lower
Athabasca Planning Region (LAPRxior information on rare planis the regionwas either too
broad {.e. ABMI 20-km grid) or too specific to individugdarts ofleases andevelopmentgi.e.
PreDisturbance Assessmenii.the followingreport,we providethefindings ofthe past 5/ears
of researchhat addresses these challenges

In the survey years of 2012 to 20&a5otal of602 Rarity and Diversity plots were completed,
generatinga comprehensive datasatnsisting of536 vascular plant species across regionally
significant habitat types (Chapter 1). These plots were selected in early years using an iteration
of a landscape model of rare vascular plant occurrence, which was updées years using
plot-level data generated by this project. This model has since been used to guide regional
conservationand land use planningfforts through the Biodiversity Management Framework
while providing significant additionalvalue as a tool to guide regionahd leasdevel survey

efforts (ChapteR). A remote sensinrbased application of Airborne Laser Scanning (ALS) data
wasthen usedo relate and predictascular plant diversitwithin the core area dhe LAPRand
compare to current lease boundaries and caribou rat@eapter 3) We suggest thahe rare

plant and diversitymodels le usedas planning toolgo targetsurveysduring environmental
assessmestind/orbe used t@voidsensitive sitesluring construction andevelopment

Predisturbance assessmeitre an important element of the environmental assessment phase
prior to lease developmernithese surveygrovide locations of rare vascular plant species and
allow oil and gas companies to mitigate for known popatg of conservation concern.
However, imperfect detection is rarely addressed and has the potential to generate false
absences, leading to possible population loss as a resdivefopmentsFailure to detect
species when they are preseigo affectsthe results ofmonitoring (attenuates trendsgnd
researchincreased Type Il errorsyet little guidance is available on how mainimize detection
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errorsas it relates tesurvey protocols. For these reasowe devote several chapters of this
report to eploration of imperfect detectioms it is critical to the issue of surveying and
monitoring cryptic species like rare plants

First, we conducted an analysis of psewnnover (change in species composition at a site
between two observergkinga subsample of 67 plotghere we hadepeat survey dathat was
collected by welttrained, experienced observers. We consider our estimates to be comparatively
low (average pseudoturnover of 15.4%) compaiedvhat is reported in the literatukeith
obseved differences among functional groupsing apparentwith graminoids having the
greatest variation in detection. Recognizing and understanding the presence of pseudoturnover in
monitoring efforts,particularly in the oil andgas industry where monitognsites are often

visited by different observerswill lead to more reliable estimates of change in biodiversity
(trend) over time (Chapter 4).

A second, experimental analysis of imperfect detection used decoyg @hahtletectability trails

to understad how survey variables such as plot size, observer experience, and target species
attributesof plant abundance and phenology influence detection. Reslgitisonstratedhat

cryptic, low abundance vascular plants are detected far more poeBh4Osuccesshhan is
currently recognized in plant surveys. Oil and gas related surveys which target rare species in
large plot sizes are likely underestimatihg occurrenceof rare speciedemonstrating the need

for carefully planned and documentg@ibserver effojtsurveygChapter 5).

Managing populations of rare species identified on lease areas after they have been successfully
detected is anajorchallenge for industrgand governmenfTranslocation is a mitigative strategy

used in the region to preserve spscindethe threat of destruction, but the execution of these
projects is subject to limited planning, monitoring, and reportingt&§tedthe effectiveness of

this mitigative tool for two rare peatland species obsagy high success rates over two
monitoring years and a limited influence of recipient site characters, suggesting that monitoring,
rather than recipient site location selection, may benefit most from increased resource allocation
in future efforts (Chapter 6).

Finally, despite significantffort to locate and mitigate rare vascular plant species on lease areas,
populations can be negatively impactedthy direct or indirect effects afevelopment leading

to extirpationof rare plant populationsCurrently, the rate of extirpation due to aihd gas
related factors isnknown. We conducted a remote sensmggery and fieldbasedassessment

of historic rare plant records from the Alberta Conservation Information Management System
(ACIMS), includng populations from multiple landse typesMore field samplingis proposed

in 2017, but at present vestimatea 30% loss of populations withtrend forincreasedisk of
extirpation when in closer proximity to disturbance. This emphasizég®e need for on lease
monitoring of plant populations and the communication of findings to ACIMS in the event of
population loss (Chapter 7).

Overall, this work contributed to our knowledge and understanding of rare vascular plants in the

Lower Athabasce&Region of northeast Alberta, while providing tools and protocols that will
increase the effectiveness of surveys, monitoring, management, and mitigation actions.
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CHAPTER 1.0: Species richnesgare plant status, rare plantdistribu tion, and sampling in
the Lower Athabasca Region

C. Denny, J. Dennett M. Kohler?, D. Farf3 and S.E. Nielsén

! Department of Renewable Resources, University of Alberta
2 Application Center, Alberta Biodiversity Monitoring Institute
3 Environmental Monitoring and Science Division, Government of Alberta

1.1 Summary

Between 2012 and 2015, vegetation surveys were conducted across 602 Rarity and Diversity
plots in the Lower Athabasca Region of northeastern Alberta to evaluate vasauiapplaes
richness and the distribution of rare species. A total of 536 species were detected with an average
richness of 45.4 species per plot across 12 ecosite categories. Changes to Conservation Status
Ranks by the Alberta Conservation Information Mgaraent System (ACIMS) affected the

number and distribution of rare species-&3) encountered during sampling, which decreased
from 101(18.8%)to 63(11.8%)species between 2014 and 2015 following thevauation of
rankings. Data generated from thi®ject have been uséar landscapdevel models of species

rarity (Chapter 2), evaluation of the effectiveness of remote sensing metrics to predict species
diversity (Chapter 3), and estimation of observer error relative to species richness across survey
plots (Chapter 4).

1.2 Introduction

Across a fouyear period between 2012 and 20%¥8&getation surveys were conducted across a
series of Rarity and Diversity plogs a component af Rare Speciedlonitoring Project for the
Lower Athabasca Regionith the intentof evaluaing plant species richnesdistribution of rare
speciesand status of rare vascular plants in the oil sands reBianity status was determined
based on the Subnational Conservation Status Rank scheme used by the Alberzattonse
Information Management System (ACIMS), a biodiversity data centre managed by the provincial
government, generated using a NatureServe rank calc(Mssteret al. 2012) Rare species
were defined here as those with Conservation Status Raiikan(&) between S1 and S3 (Table
1.1), corresponding tstatus rank$or specieghat arefiespeciallp to isomewhat vulnerdeo to
extirpation. At the project outset, the Status Ranks of species were based on those applied
through 2014 In 2015, species weree-evaluated by ACIMSwith these updates tmg
implications for our findings regarding the presence of rare species in the region.

The primary objectives of the Rarity and Diversity plot sampling project were to (1) collect new
observations of rare vascular plants to further refine existing rane lpdhitat models, (2) test a

new rare plant monitoring protocol that complements those of the Alberta Biodiversity
Monitoring Institute (ABMI) (ABMI 2010a; ABMI 2010b) and incorporates Alberta Native
Plant Council (ANPC) guidelines (ANPC 2000; ANPC 20ft®)rare vascular plant surveys, and

(3) assess how changes to Conservation Status Ranks affect our understanding of the distribution
of rare vascular plant species.




Table 1.1.Subnational Conservation Status RaniR&k) definitions adapted from thosesds
by the Alberta Conservation Information Management System (ACIMS 2017).

Standard Subnational Conservation Status Ranks

Rank | Definition

s1 Five or fewer occurrences for a taxon, or especially vulnerable to extirpation du
various factors

Twentyor fewer occurrences for a taxon, or vulnerable to extirpation due to var

S2 factors

S2S3 | Uncertainty between S2 and S3 status ranks for a taxon

s3 One hundred or fewer occurrences for a taxon, or somewhat vulnerable to extir
due to variougactors such as restricted range or relatively small population size

S3S4 | Uncertainty between S3 and S4 status ranks for a taxon

sa Apparently secure; taxon is uncommon but not rare, though potentially some cq
due to various factors such as a dexin population sizes

S4S5 | Uncertainty between S4 and S5 status ranks for a taxon

S5 Secure; taxon is common, widespread, and abundant

SU Not ranked due to a lack of information or substantially conflicting information fq
taxon, such as with speciefiose nativeness is unresolved

SNR | Not ranked because the conservation status has not yet been assessed for a tg

Rank not applicable because a taxon is not a suitable target for conservation
SNA L . . .
activities, such as with species that are introduced

1.3 Methods

Study area

The study area was defined as the Lower Athabasca Planning Region (LAPR), a 93 ai@akm

in northeastern Alberta between 54°N and 60°N latitude (Figure 1.1). Elevation ranges from 202
m to 867 m a.s.l., with a mean annual temperatur®.8fC and mean annual precipitation of
about 438 mm (Zhanet al. 2014). The area represents ap&ter of the boreal forest region of

the province and is characterized by a combination of coniferous, deciduous, and mixedwood
upland standgominated by species including aspogulus tremuloidgs black spruceRicea
mariang, white spruceRicea glaucd, and jack pineRinus banksianga Lowland areas consist

of a variety of wetland types including fens, swamps, and bogs along with lakes and streams
(Natural Regions Committee 2006; Zhaeg al. 2014). Much of the area is occupied by
undeveloped forestshowever, a portion of the landscape is affected by anthropogenic
disturbance related to oil sands development, forest harvesting, and agriculture.
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Figure 8.1. Extent of the study area in northeastern Alberta and the location and number of
Rarity and Diversity plotsn(= 602) sampleger year between 2012 and 2015.

Site selection and plot establishment

Vascular plant surveys were conducted in 602 quadetae plots (50 x 50 m) by 18 observers

over four summer field seasons. Sites were selectewhtine terrestrial upland and lowland
environments using a stratified random sampling design and fhaded predicted locations of
targeted rare plant species, qolad from the Ecological Monitoring Committee for the Lower
Athabasca (EMCLA) database (see Appendix 1.1 for target species list). Disturbance and
accessibility were also considered, as was expert advice regarding landscape features and
habitats within tke study region with a high probability of rare plant occurrence. No sites were
located in open water ecosystems such as marshes or lakes.

Two plots were established per site, each of which was surveyed at least once by a single
observer. Plots were septd by a maximum of 200 m, both to reduce travel time and allow for
observers to work in close proximity. Where possible, the two plots per site were established in
different ecosite types to promote broad representation in the dataset. Efforts wereomade t
situate one of the plots in an area likely to support rare plants (e.g. open sand, rock faces, sites
with unique landscape features, ephemeral habitats, transition zones, old growth forest, or jack
pine stands).




To enable the examination of observer enathin the dataset, 67 plots were surveyed by
multiple individuals (Chapter 4.0). An additional eight plots were surveyed in both the spring
and late summer of 2014 by the same individual to determine the influence of timing on species
detectionSee Apendix 1.2 for locations of all survey plots.

Ecosite classification at survey plots

Geographic coordinates of each plot centre were recorded with a handheld GPS unit. Ecosite
type was determined based on 12 categories defined by the ABMI (Table 1.2) reffech
dominant vegetation community, structural stage, soil nutrients, and soil moisture level.
Additional physical attribute data were collected including plot slope, aspect, dominant canopy
species, soil pH, the percentage of the plot that was albbgredman or natural disturbance, and
percent bare ground or water.

Table 1.2. Definitions and Nutrient/Moisture Codes for the 12 ecosite categories used to classify
the Rarity and Diversity plotsE 602).

Ecosite Categories
Nutrient/Moisture —
Definition
Code
NT Not Treed
PX Poor/Xeric
PM Poor/Mesic
PD Bog (Poor/Hydric)
MX Medium/Xeric
MM Medium/Mesic
MG Medium/Hygric
MD Poor Fen (Medium/Hydric]
RG Rich/Hygric
RD Rich Fen (Rich/Hydric)
SD Swamp
VD Marsh (Very Rich/Hydric)

Plant surveymethods

Observers performed timanlimited surveys using belt transects to cover the entirety of each
plot, beginning in one corner and walking in a pattern that mimicked parahel B@nsects

while scanning 2 m per side (Figure 1.2). Comprehensivecggsinventories were completed

and data were entered in the field on paper datasheets in 2012 and using handheld tablets in
subsequent years. Specimens that could not be identified in the field were collected and later
reviewed by an expert botanist. Spesies, varieties, and hybrids were included, and some
records were classified at higher taxonomic levels (genus or family) if identification to species
level was not possible. Time of first encounter for each species detected was recorded (which
became atomatic following the introduction of tablets in 2013), along with the total survey time
per plot. Surveys thus collected species presabsence data, but not information regarding




abundance. When rare species were detected, however, Rare Plant Fiesth&=s provided by
ACIMS were filled out with detailed descriptions of the location, population, and habitat.

Path of observer

& A

-

-----
F
............
.....................................
‘‘ > e e L LT T T ———
.....
............
............................
e
-
.............................................
B
..........................
-
-
-
........................
..............
................................................
-
........................................
-
’
.........................

...................
P

Se-
il L T —
..............
S

SW < S0m > SE

Figure 1.9. Path of parallel belt transects used by observers forumhimited vascular plant
surveys of the Rarity and Diversity plots (50 x 50 m¥©02).

1.4 Results

Vascular plant species richness

Across the 602 Rarity and Diversity plots, a total of 27,8B8ervations of 536 plant species

were recorded (see Appendix @ full species list). Average survey time per plot was 93
minutes and ranged from 20 to 290 minutes. Average species richness per ecosite category
ranged from a minimum of 26.5 species (@fsite) to a maximum of 71.9 (SD), with an overall
average of 45.4 and associated standard deviation of 21.5 (Table 1.3). Ecosite representation was
not balanced due to a lack of availability in the study area, with few plots for some categories
(VD) and many for others (RD). Species richness varied moderately among ecosite categories
and was generallgonsistentvithin ecositecategores (Figure 1.3).

Table 1.3 Number of Rarity and Diversity plots € 602) occurring in each of the 12 ecosite
categories, mean vascular plant species richness per plot, and variation (standard deviation) per
ecosite category.

: Mean Species Standard
Ecosite Number of Plots Richnes Deviation( U)
NT - Not Treed 7 64.4 24.2
PXi Poor Xeric(poor, dry forests) 52 30.6 11.9




PMi Poor Mesidmoist conifer) 97 43.3 21.6
PD1 Poor Hydric(bog) 39 26.5 14
MX 1 Medium Xeric(dry mixedwood) 35 44.1 154
MM 1 Medium Mesic(mesic mixedwood) 93 53.3 12
MG 1 Medium Hygric(moist mixedwood) 30 67 22.3
MD T Medium Hydric(poor fen) 88 36.5 20.2
RGT Rich Hygric(rich, moist forests) 25 61.2 19.1
RDT Rich Hydric(rich fen) 126 48.8 22.3
SDiiSwamp 0 (siamg)r i ¢ 8 71.9 20.5
VD i Very rich Hydric(marsh) 2 30 22.6
Total 602 45.4 21.5
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Figure 1.10. Variation in vascular plant species richness for the 12 ecosite categories sampled
across the Rarity and Diversity plots< 602).

Plant species rarity and changes in Conservation Status Ranks
The reevaluation of ConservatioStatus Ranks by ACIMS in 2015 resulted in the rarity status
of the 536 specieencounteredbeing downgraded (88 species), upgraded (20), or remaining




unchanged (416), with some previously unevaluated speciasingca new rank (12) (Table
1.4).

Table 1.4 Number of species for which Conservation Status Ranks were downgraded, upgraded,
newly applied, or unchanged between 2014 and 2015 following-#ataation of Status Ranks

by ACIMS.

Conservation Status Conservation Status | Number
Rank (2014) Rank (2015) of Species
Downgrade to Status Rank Total: 88
S1 S2 2
S1 S2S3 1
S1 S3 1
S2 S3 6
S2 S4 2
S3 S4 45
S3 S5 2
S3S4 S4 2
S354 S4S5 1
S4 S4S5 3
S4 S5 21
S4S5 S5 2
Upgrade to Status Rank Total: 20
S5 S4 13
S4 S3 4
S354 S3 2
S3 S2 1
RankNewly Applied Total: 12
SNR S3 3
SNR S4 1
SNR S5 6
SuU S1 1
SuU S2 1
Rank Unchanged Total: 416
S1 2
S2 1
S3 38
S3s4 1
S4 60
S5 271
SNA 43

—t




Based on the Status Rartksough2014, 101(18.8%)of the species detected were recognized as
provincially rare (S4S3); however, following the revaluation of rankings in 2015, this number
decreased to 6811.7%) (Table 1.5). For the 2014 rankings, 54 pl¢(@s0%) were found to
contain species determined to be especially vulnerable (S1) or abie€s2), but this declined
substantiallyto 33 plotg(5.5%) wherbased on the 2015 rankings (Tables 1.6 & 1.7; Figure 1.4).

The majority of species detected were considered apparently $88)m secure (>S3), which
amounted to 380 and 430 species the 2014 and 2015 rankings, respectively. A further 12
species were not ranked in 2014 (SNR or SU), but received ranks in 2015. Of the 536 species
encountered, 493 were native to Alberta and the remaining 43 did not have an associated rank
(SNA), as thg were either exotic (41 species) or hybrids (2) and ACIMS does not assign ranks
to thesespecies

Table 1.5.Number of vascular plant species{536) detected in the Rarity and Diversity plots
(n=602) per Conservation Status RankR&k) for ranksised in 2014 and 2015.

Conservation Number of Conservation Number of
Status Rank Species Status Rank Species
(2014) Detected(%) (2015) Detected(%)
S1 6 (1) S1 3(0.6)
S2 9(1.7 S2 5(0.9)
S2S3 - S2S3 1(0.2)
S3 86 (16) S3 54 (10)
S3S4 6(1.1) S3S4 1(0.2)
S4 88(16.4) S4 123(22.9)
S4S5 2(0.4) S4S5 4(0.7)
S5 284(53) S5 302(56.3)
SNA 43(8) SNA 43(8)
SNR 10(1.8) - -
SuU 2(0.4) - -
Total 536 536

Table 1.6.Number of records for vascular plant species recognized as especially vulnerable (S1;
n = 6) or vulnerable (S2n = 9) based on the 2014 Conservation Status Ranks which were

detected in the Rarity and Diversity ploits5(54 of 602 total).

. Conservation
Scientific Name Con;ervl? tlgglitatus Status Rank Ngmbe(rjof
ank ( ) (2015) ecords

Carex adusta S1 S3 7
Carex hystericina S1 S2 1
Lechea intermedia var. s1 s1 1
depauperata

Malaxis paludosa S1 S2S3 9
Spiranthes lacera S1 S2 3




Utricularia cornuta S1 S1 1
Botrychium simplex S2 S2 1
Carex heleonastes S2 S3 8
Carex lacustris S2 S4 2
Carex umbellata S2 S4 2
Diphasiastrum sitchens S2 S3 5
Hypericum majus S2 S3 1
Juncus brevicaudatus S2 S3 5
Juncus stygius S2 S3 6
Lactuca biennis S2 S3 2
Total 54

Table 1.7.Number of records for vascular plant species recognized as especially vulnerable (S1;
n = 3) or vulnerable (S2n = 5) based on the 2015 Conservation Status Ranks which were
detected in the Rarity and Diversity plots{33 of 602 total).

Scientific Name Conservation Status | Conservation Status | Number of
Rank (2014) Rank (2015) Records
Carex hystericina S1 S2 1
Lechea intermedia var. s1 s1 1
depauperata
Spiranthes lacera S1 S2 3
Utricularia cornuta S1 S1 1
Botrychium simplex S2 S2 1
Cardamine dentata S3 S2 3
Dichanthelium
acuminatum =l o 5
Leucophysalis grandiflora SuU S1 18
Total 33
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Figure 1.4.Distribution of especially vulnerable (S1) and vulnerable (S2) vascular plant species
across the Rarity and Diversity plots within the study area, based on the ranks that applied until
2014 6 = 54 of 602 total plots) and those used in 2015 83 plots)

Some ecosite types were found to support more rare species, although the particular categories
with the highest average numbers of these changed between the 2014 and 2015 rankings (Tables
1.8 & 1.9; Figures 1.5 & 1.6). For the 2014 rankings, in descgnalider, the categories RD,

SD, and MD had the three highest combined averages-883pecies, but in 2015 these shifted

to RD, MD, and PX. Conversely, the three categories with the lowest combined averages of rare
species for the 2014 rankings in destirg order were VD, PD, and MX, but these changed to

PD, MG, and VD in 2015.

Table 1.8 Mean number of species of different Conservation Status Ranks (2014) present across
the Rarity and Diversity plotsi= 602) per ecosite category.
Conservation Status Rank (2014)

Mean Number of Species Present Across Plots
|Ecosite S1 S2 S3 S3S4 S4 S4S5 S5 SNA SNR SU
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NT 1.0 10 33 13 6.3 0.0 456 7.6 14 0.0
PX 1.0 00 24 10 26 1.0 246 1.3 1.0 11
PM 1.0 12 30 10 39 1.0 36.1 25 11 0.0
PD 00 10 23 10 29 0.0 21.8 25 1.0 0.0
MX 1.0 00 23 10 32 1.0 375 1.9 1.0 1.0
MM 1.0 00 24 10 43 1.0 458 2.4 1.0 0.0
MG 00 10 29 1.2 6.6 1.0 55.6 29 1.0 0.0
MD 1.0 13 35 10 43 1.0 282 27 1.0 1.0
RG 1.0 10 31 1.0 58 1.0 51.0 24 1.0 0.0
RD 10 11 45 11 60 1.0 37.0 22 1.0 1.0
SD 00 20 41 10 6.9 0.0 578 2.0 1.3 0.0
VD 1.0 00 10 0.0 40 0.0 235 20 1.0 0.0
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Figure 1.11. Mean vascular plant species richness for the 12 ecosite categories sampled across
the Rarity and Diversity plotsi(= 602) and the number of species per Conservation Status Rank
(2014).

Table 1.9.Mean number of species of different Conservation Status Ranks (2015) present across
the Rarity and Diversity plotsi= 602) per ecosite category.

| Conservation Status Rank (2015) |




Mean Number of Species Present Across Plots

Ecosite] S1 S2 S2S3 S3 S3S4 S4 S4S5 S5 SNA

NT 00 1.0 00 20 1.0 69 1.0 479 7.6
PX 11 1.0 0.0 19 0.0 3.1 1.0 248 1.3
PM 00 0.0 10 20 0.0 43 11 371 25
PD 0.0 0.0 0.0 1.7 0.0 3.1 1.0 225 25
MX 1.0 00 0.0 1.7 0.0 36 1.0 381 19
MM 00 1.0 00 16 0.0 40 1.0 470 24
MG 0.0 0.0 00 1.8 1.0 6.7 1.2 572 29
MD 00 10 10 20 0.0 48 1.0 29.7 2.7
RG 00 0.0 10 19 10 6.5 0.0 522 24
RD 1.0 1.0 1.0 24 1.0 7.1 11 388 2.2
SD 0.0 10 0.0 23 00 86 0.0 596 2.0
VD 1.0 0.0 0.0 1.0 0.0 3.0 0.0 250 2.0
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Figure 1.6. Mean vascular plant species richness for the 12 ecosite categories sampled across the
Rarity and Diversity plotsn(= 602) and the number of species per Conservation Status Rank
(2015).




1.5Discussion

A total of 536 vascular plant species were detected in theqd@2erhectareRarity and
Diversity plots surveyed across the study area between 2012 andAR@&t&ge richness was

45.4 species per plot acroalt 12 ecosite categories, with SBwamps)and PD (oligotrophic

bogs) supporting the greatestdafteast diversity, respectivelyswamps,seasonally flooded
wetlands with a mineral substrate, most often occur as small habitat patches in Alberta with
microsites (hummocky micrterrain) that promotespecies diversity. While peatlands include
many, often diverse, types, oligotrophic bogs are characterized by exceptionally low nutrients,
high acidity, and waterlogged organic substrate, conditions whiclslih@tnumber of species
capable of establishirand surviving in these habitats.

Changes to Conservation Status Ranks affected the number and distribution of rare species (S1
S3) encountered during sampling, which decreased from 101 to 63 species between 2014 and
2015 following the reevaluation of ankings.We encountered at least one S3 species at nearly

all sample plots, demonstrating the efficacy of matiedcted adaptive sampled as applied here.
Using the 2015 8anking we have located eight S1 or S2 species at 33 plutsdowngrading

of Statis Ranks for a large number of vascular plant speatbsn the study area is likely in part

an artefact of increased sampling effort over time by monitoring profath asvhat we have
conductedhere(all rare species detected in the project were siibthto ACIMS) and alarge

number ofpre-disturbance assessments for oil sands developments that have led to a greater
understanding of plant rarity in the region
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CHAPTER 2.0: Landscape patterns of rare vascular plants in the Lower Athabasca region
of Alberta, Canada

S.E. Nielseh J. Dennett C. Batef, B. White?, J. Stadt, M. KohleF, D. Far*, P. Tompaski, N.
Coops

! Department of Renewable Resources, University of Alberta

2 Forest Management Branch, Forestry Division, Alberta Agriculture~anestry

3 Application Center, Alberta Biodiversity Monitoring Institute

4 Environmental Monitoring and Science Division, Albert Environment and Parks
®Department of Forest Resource Management, University of British Columbia

2.1 Summary

We used602 quartethectare plots in the Lower Athabasca region to model rare vascular plant
(S1 and S2 conservation status) habitat across the area based on landscape predictors of land
cover (Ducks UnlimiteecEnhanced Wetland Classification), LiDAdRrived vegettion structure,

soils (pH), and terrain wetness. The LiDAlRrived and land coverariables were the most
important predictors of rarity when considered individually for the 20024 and 2015
conservation ranks respectively. Amount of rare plant habitats the region was reduced
substantially with changes in the new status rankings and shifted in its location. Generally,
patterns of rarity went from fens being among the most important sites for encountering S1 and
S2 ranked species to sandy, pine fterééthabasca Plain) being the most important sites. Maps

of rare plant habitat developed from this work are being used as an indicator for the Biodiversity
Management Framework regional planning initiative for the Lower Athabasca. It also has value
for leasescale environmental assessments and mitigation planning, informing future monitoring
programs and sites, and more generally in helping us understand the factors that promote or limit
rare vascular plants within Albertads boreal

2.2 Introduction

The oil sands region of Alberta represents a major source of environmental c(Reenay,

Bayley & Schindler 2012)Although significantefforts havebeen made toward reclamation of
surface mineabl oil sands and determining the responses of individual plant species to
reclamation treatmen{®enaultet al. 1998; Purdy, Macdonald & Lieffers 2005; Price, McLaren

& Rudolph 2010) much less is knownbaut the effects of in situ oil sandsvelopmentsvhere
bitumen is extracted through sabrface wells. In situ oil sands results in a much lower total
anthropogenic footprint (0-20% loss), but remaining native habitats are highly fragmented
from the linear nature of disturbances (seismic lines, roads, pipelines, and transmission lines).
Together with the permanent footprints, the loss and fragmentation of boreal forests et@adplic

in the declines of some key boreal species, with the most prominent being woodland caribou.
Although much has now been done to understand the factors contributing to caribou decline (e.g.
Dyer et al 2002,Boutin et al. 2012) much less is known about other taxa, particularly-non
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vertebrates, including plants. This has resulted in major knowledge gaps withinsihe o
sands region on taxa such as plapasticularly for sensitive, rare vascular plants.

Sampling of rarevascularplants is difficult due tdhe fact that they are often cryptic in nature

and isolated to specific, uncommon habitatis has partly contributed to our current
knowledge gapsncluding information on where rare plants are most likely to occur and how
they may respond to disturbances created by in situ oil extraction. Such information is needed for
regional conservation assessmergfective land use planning, and for guidingtigation
activities and monitoring programs. Although vascular plant monitoring in Alberta is broadly
addressed by the Alberta Biodiversity Monitoring Institute (ABMI) (Stdil 2006), sampling
intensity of the ABMI monitoring network is too diffusgr{d of 20 km) to be of value for
assessments of local responses of species (Nielsdn2009). It also suffers from low detection

rates of rare species given a timaited survey protocol and large plot size (1 ha) coupled with
high observer errors flanget al 2014). In addition to these systematic monitoring sites, oil
sands companies are required to performBisturbanceAssessment (PDAsurveysprior to
developing individual footprints. These PDAs include rare plant surveys that ptocateon

data and general information for populations encountered on lease areas, but do not lend
themselves to monitoring since sites are often later developed, survey effort is largely unknown,
and information is not scaled past individual sites onanlds leasesComplementary methods

for rare plant surveys and regional monitoring of rare plants are needed to inform rarity of plants
at regional scalesncluding the development of mapping tools that can be used by government
and industry for the conseation and management of rare plant resoustes environmental
impact assessments at the scale at which projects (leases) occur

Modelbased sampling designgvhere information from spatial models are used tuide
samplingeffort (locationg, have beemroposed as an alternative to the commonly employed
random or systematic desigtiet dominateurrentmonitoring and survey effor{&uisanet al
2006. In addition to creating efficiencie@p to 70% cost savinjsmodetbased adaptive
designs providep-to-date products that can be usedod onlyguide future sampling effort, but
also provide critical information for making relevamhanagemendecisionsrelated to the
original monitoring objectives

The purpose of this chapter s develop, test, and apply an adaptive, mdadeled sampling
design that defines rare plant habitat in the Lower Athabasca region of northeast Alberta.
Specific to that goal, our objectives wereo-fold: (1) identify the landscape factors that most
affed presence of rare vascular plants in the Lower Athabasca; and (2) predict (map) rare plant
habitat in the Lower Athabasca regidnis this region of Alberta that has the most extensive in
situ oil sands operations thus requiriggatial tools to assistwith land use decisiemaking,
regional monitoring, and stewardship.

2.3 Methods

Study area, field plots, and definitions of rarity

We sampled rare vascular plants within the Lower Athabasca region in northeast Alberta,
Canada over four years through Rarity and Diversity plots for the Lower Athabasca project.
Field methods are described in Zhagstgal (2014) and Chapter 1 of this report. Below we
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summarize those methods and describe in more detail the allocation of sampling effort.
Specifically, we ued a stratified sampling approach to allocating field efforts based on the
Ducks Unlimited Enhanced Wetland Classification (BWC) and preliminary landscape
models predicting rare plant locations that were periodically updated based on historic locations
of rare plants (Alberta Conservation Information Management Systems [ACIMS] and industry
Predi sturbance assessments) and | ocations <col l
2011). Stratification was thus adaptive to new information collected frelash $urveys (i.e.,
modelbased iterative sampling). Modehsed sampling designs are an alternative to static
traditional fully random or stratified designs. With proper information guiding the adaptive
sampling process, major cost savings (up to 70% oa@ilom)can be gainedQuisanet al

2006).

Initially, S1, S2, and S3 plant population (sudtional rarity status ranks for Alberta assigned by
ACIMS) locations were used to model potential landscape locations of rare plants within land
cover types (Nilsen 2011). This was used to guide stratification from all known rare plant
records. Later, landscape models used plot data from this research project on locations of where
S1 and S2 plants were present. We excluded S3 ranked species as encounteamat®3 pfant

in a plot approached 100%, thus making their inclusion as a group in models meaningless.
Landscape predictors included the {BWC land cover types and terrain and edaphic variables.
The DUEWC land cover classification scheme includes a nurobeletailed wetland classes
(Table 2.1), such as graminoid rich fen. Separation of wetland types was desirable given the
prevalence and importance of lowland land cover types in the Lower Athabasca. Initial model
predictions of rarity were separated for each-BAWC land cover type and samplés within
each o&énat i v ewasdelacted thraughwandomitzatiop.e

Table 2.1. List of Ducks Unlimited Enhanced Wetland Classification land cover types
considered for models of rare plant occurrence in the Lower Athabasca region of northeast
Alberta (source: Ducks Unlimited). Note that some classes (aquatic and anthropogenic were not
listed or used in models).

Class Name Type of community  Soil Moisture  Hydro-dynamics  Nutrient Regime
Emergent Marsh Mineral Wetland Very Hydric Very Dynamic Very Rich
Meadow Marsh Mineral Wetland Hydric Very Dynamic Very Rich
Graminoid Rich Fen Peat Wetland Hydric Moving Rich
Graminoid Poor Fen Peat Wetland Hydric Slow Moving Poor
Shrubby Rich Fen  Peat Wetland Sub Hydric Moving Rich
Shrubby PooFen Peat Wetland Sub Hydric Slow Moving Poor
Treed Rich Fen Peat Wetland Sub Hydric Moving Rich
Treed Poor Fen Peat Wetland Hygric Slow Moving Poor
Open Bog Peat Wetland Sub Hygric Stagnant Very Poor
Shrubby Bog Peat Wetland Sub Hygric Stagnant Very Poor
Treed Bog Peat Wetland Sub Hygric Stagnant Very Poor
Shrub Swamp Mineral Wetland Hydric Dynamic Rich
Hardwood Swamp  Mineral Wetland Hygric Dynamic Rich
Mixedwood Swamp Mineral Wetland Hygric Dynamic Rich
Tamarack Swamp  Mineral Wetland Hyagric SlowMoving Medium
Conifer Swamp Mineral Wetland Sub Hygric Stagnant Medium
Upland Conifer Upland Mesic to Xeric Upland Upland
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Upland Deciduous  Upland Mesic to Xeric Upland Upland

Upland Mixedwood Upland Mesic to Xeric Upland Upland
Upland Pine Upland Xeric Upland Upland
Burn Other Other Other Other

Sample ges were constrained to within a 2.5 km radius of roads with areas predicted to have
greater chance of a rare plant being present emphasized. Anthropogenic habitats (clearcuts,
agriculture, industry developments) and aquatic habitats dominated by opanwese not
considered in this study. Site randomization was done in ArcGIS usinGrdae Spatially
Balanced Points toalvhere locations were spread across the available region and scaled so that
more random locations were allocated within areas having higher probabilities rare plants (input
inclusion probability raster). Random sites included oil sands leases, areasreticleased,

and provincial parks such as Lakeland and Sir Winston Churchill, but did not include the Cold
Lake Air Weapons Range, remote areas such as the Birch Mountains, and the entire Canadian
Shield north of Lake Athabasca which does not contatirdoarbons and thus is not threatened

from energy developments. In a few instances helicopter support was available and used to
access a limited number of remote sites near Fort McMurray including plot locations on Stony
Mountain and areas surrounding Gypsike Wildland.

Because rare plants were more likely to occur in particular land cover types, such as fens, we
sampled more locations of these land cover types, as well as some land cover types that
dominated the region such as deciduous forest, butaay had some microsite or mesorain
condition that would increase the likelihood of rare plants being presentéRigb). Emphasis

on particular land cover types was determined based on initial queries describing known rare
plant records by land wer type. Chapter 1 describes the number of plot locations by ecosites
which relate to land cover types from the {BWC. All rare plant surveys were completed
during the summer months (midine to mieAugust). Plot size was 0.25 ha (50 x 50 m) with
observes allowed to complete the plot without time constraints. Although the emphasis of this
project was rare plants, we recorded the presence of all vascular plants within plots in order to
fully describe assemblages and to provide more information on gg@femabiodiversity. Given

the large plot size, no effort was made to estimate cover or abundance of common species.

All observers had previous experience with plant surveys with additional training provided in the
herbarium (emphasis on $&B plants inhie region) and in the field. Unknown plants within plots

were collected for later identification. Observers working in teams of two navigated to stratified
plots using handheld GPS units. One observer established and surveyed the target plot based on
the gratified random location, while the second observer established a paired plot within 200 m

of the target plot and in a different land cover type to ensure independence among observations.
The paired plot design among observers was used to satisfy safétgqgls that limited
observers from working no further than 200 m apart. The perimeter of each plot was delineated
using 50 and 100 m transect tapes. Observers then surveyed their plot without assistance by
walking the plot in ~2 m belt transects and giog to record all new vascular plant species
encountered and the time of observation. Rare plantsS8plwere flagged and after the
completion of the survey returned to in order to fill in an ACIMS field data sheet describing the
habitat, microhabitat, BS coordinates, population size, and other attribiRase plant records
were submitted annually to the Government of
sites were sampled over aydar period (201-2015; Figire 2.1a) with 67 sites rsurveyed
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multiple times within the same day by a separate observer in order to evaluate observer error (see
Chapter4). For the purpose of this chapter, we use the first survey session at a site for those
cases where the site was surveyed more than once.

Upland deciduous forest
Upland pine forest
Upland conifer forest
Swamp-shrub EEERE

/ iRt 1 Swamp-treed
W L Marsh
e 2 | Fen-treed-rich
e e Fen-shrub-rich

- Fen-graminoid-rich
Fen-treed-poor
Fen-shrub-poor
Fen-graminoid-poor
Bog-treed
Bog-open

Rare plant plots
2012(N=

0 25 50 75 100 125
Number of plots

.« 2013(N=
« 2014(N=
e 2015(N=

Water

Elevation (m)
High: 867  *

U
Kilometers S
———
o202 0 25 50 100 W b

a.

Figure 2.1. (a.) Location of field plots and (b.) number of plots sampled per land cover ty
(dominant type within plot).

Landscape predictors of rare plant habitat

Environmental predictors ofarity included spatiallyexplicit variables representing soll
conditions (soil pH) Kigure 2.2d), land cover from Ducks Unlimited Enhanced Wetland
Classification (DUEWC) (Figure 2.2b), terrairderived moisture index (2.2c), and vegetation
structure fromairborne LIiDAR sensors that measures variation in height and struigreg

2.2a). LIDAR-derived vegetation structure variables were available for most, but not all, parts of
the study area (sdeéigure2.2a) effectively representing crown lands outsidehe Cold Lakes

Air Weapons Range. Models using LIiDAR data therefore also represent a subset of plots with a
total of 469 plots available within areas having LIDAR data. LIDAR point cloud metrics were
summarized for the region at the scale of the pl& (b raster) using FUSION software
(McGaughey 216). LIDAR -derived variables used for models included canopy relief ratio
(CRR), maximum canopy height (@=entile), and standard deviation in canopy height. An
example land cover type for the region is show Figure 2.2b. The terraitherived moisture

index was estimated from a B9 digital elevation model (DEM) using the Compound
Topographic Index (CTI) methodMpore et al 1993, Gessleet al 1995). Although a smaller

area was available for deptrwater (DTW) from the Wet Area Mapping program, comparisons
within that zone suggested that the CTI model from a lower resolution DEM performed as good
or better than the more detailed DTW prediot and thus CTI was subsequently used in all
models. Soil conditions were measured by soil pH based on Soil Landscapes of Canada version
3.2 (Soil Landscapes of Canada Working Group 2010). Although other soil variables were
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available, they were either tly correlated with soil pH or did not correlate with rare plant
locations. Climate variables were not used in models since the region is quite small relative to
differences in climate and because the coldest parts of the study area (i.e. the Birchnglpuntai
were not sampled. All final predictor variables were scaled to-1m B8ster cell size to ensure

that they matched the scale of plots and other rasters. Highly correlated variabjes’[) were
removed from analyses by choosing only one of thestaiad variables, thus avoiding problems

of multicollinearity.

Water Waiter

Water
Canopy height (p95) 3
y heig 0( )

Deciduous forest
0
1

Terrain wetness
o High 29

Soil pH
pom High

Low : 1.37 Low :4.7 Low

0 25 % 0 25 0 25 0 2
Kilometers Kilometers Kilometers Kilometers

a. b. C. d.

Figure 2.2. Example landscape variables used to predict locations of rare vascular plants (S1 or
S2 conservation status): (a.) LiDAdRrived canopy height ($5centile; note that gray areas
represent locations without LIDAR data); (b.) land cover (deciduous forest example; Ducks
Unlimited); (c.) terrain wetnessdm 50 m DEM; and (d.) soil pH.

Models of rare plant habitats

We used logistic regression to mode tprobability of a S1 or S2 rare plant being present at a

site based on landscape characteristics (predictors) in order to estimate rare plant habitats across
the region. Models used the presence of any S1 or S2 plant within our 602 plots as the response
variable (historic ACIMS locations were not used) and landscape variables as predictors. During
the course of this study ACIMS reclassified the status of vascular plants in Alberta resulting in
major changes to what we defined as rare plants (see Chdptex detailed review of changes).

As a result, we developed two sets of models of plant rarity based on the two different periods of
defined rarity. The first model represented 2@024 rankings and the second rankings for the
2015current period. In bib cases, all field plots (years of data) were used and differences only
reflect the change in ranking of species.




Model selection was based o Akakekld7d kheré differemdf or ma
sets of landscape predictors were used topeawen support among candidate models (sets of
variables). Given the large number of parameters and possible candidate models, parameters of
the most supported model were inspected and where obvious weak responses were evident,
variables were removed to beore parsimonious as confirmed by AIC scores. Final model
parameters were then reported, including traditional statistics of model and parameter
significance. Parameters were then used to predict rare plant habitat across the region using
ArcGIS map calculr. Model performance and predictive accuracy of final selected models
were based on percent deviance explained (psBddand AreaUnderthe-Curve Receiver
Operating Characteristic (AUROC). Although ecological models often have poor explanatory
power(2-5% %, Mgller & Jennion2002), we considered models wjtkeudeR? > 0.2 as being
reasonably explanatory. To confirm predictive accuracy of models,-ROC values were

ranked based on model training data with vaki€s7 are consideretb represenpoor model
accuracyyaluesbetween 0.70.9 good modehccuracy, andalues> 0.9 high model accuracy
(Swets1988, Manekt al 2007).

As airborne LIDAR data describing vegetation structure within the region were not available
across the entire study ardagure2.2a), models were first developed for the area with LIDAR

data and secondly for the remaining areas using more general landscape predictors. Final map
predictions of rare plant habitat were then fused with the Litb&Red predictions used
whereveravailable and the more general model used where LIDAR data were not available. This
fusion was done using tt@&onditional toolin ArcGIS.

2.4 Results

Rare plant habitat (S1 & S2 ranking, 2012014)

Of the 602 plots sampled, 47 had at least one S1 oar8&d vascular plant (39 plots when
limited to the extent of available LIDAR data) using the 2012 to 2014 ACIMS raniigsré

2.44). Occurrence of rare plants by land cover type (proportion) varied from 0 in marsh and open
bog to 0.23 (more than 1 out 6 plots) in graminoiegpoorfen (Figure 2.3). Other land cover
types frequently occupied by S1 and S2 plants includedptyeefen, treedrich-fen, shrub
swamp, graminoigtich-fen, and upland pine forestsigure2.3).
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Upland deciduous forest m 2015 (S1/S2)
Upland pine forest m 2014 (S1/S2)
Upland conifer forest
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Figure 2.3. Encounter rat@atterns of rare vascular plants (S1 or S2) within study plots based on
dominant land cover type within the plot. Two rates are reported based or2@D42anking
62014 S1/S26 light gray) and the most forecent
summary data by ecosite.
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Figure 24. Distribution of field plots with the presence of at least one vascular plant species
ranked as a conservation status of S1 or S2 within the Lower Athabasca region based on (a.)
20122014 rankings or (b.) 2015 rankings.

The most supported model predictirye plant presence for the 2012 ranked S1 and S2
species included all individual landscape factors related to soils, terrain (wetness), land cover,
and vegetation structure (Table2R.When considering individual (single) factors, vegetation
structure from Li DAR was more supported (e&AlC
cover and terrain wetness. Soil pH was similar to the null model suggesting no support for that
factor when considered individually. The most supportedfagtor nodel included vegetation
structure (LIDAR) and land cover. Interestingly, when considering 3 combined landscape
factors, soil pH was added despite initially being neutral. The final adjusted global model that
contained all 4 landscape factors had good mfid@pseudeR? of 0.228) and model accuracy
(ROC = 0.841; Table.2). Ranking of the importance of land cover types were similar to those
described aboveF{gure 2.3). Overall, graminoiepoorfens had the highest rate of rare plants
(Table 22). Both soi pH and terrain wetness (CTIl) had ndimear responses along their
gradients with peak occurrence of rare plants at moderate levels of soil pH and wetness. Finally,
for vegetation structure metrics the canopy relief r@iBRR) was found to be positivelselated

to rare plant occurrences, while vegetation height” @ntile) was negatively related to rare
plant occurrences (Tab3). Parameters included in the model without LIDAR metrics were
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similar to those with LiDAR variables (Table3. while stil maintaining reasonably good
model fit (pseuddr? = 0.182) and similar ovetahodel accuracy (ROC = 0.812).

Table 22. Comparison of candidate models describing the presence of S1 or S2 rare plant within
the Lower Athabasca region based on soils (S), terrain (T), land cover (L), and vegetation
structure derived from airborne LIiDAR data (V). AIC values in bold font reptedehe most
supported model (lower AIC is better) within the set of models tested (by single, two, three, and
four-factor sets). Model complexity represented by number of param&erRQC represents
model predictive accuracy, while model fR3 was measured by percent deviance explained.
The adjusted global model was the final model used for explanation and model prediction.

201214 ranking(S1 or S2) 2015 rankingS1 or S2)

Model AIC K ROC R? AIC K ROC R?
Single factomodels:

S-Soils 270.48 3 0.600 0.016 199.04 3 0.682 0.066
T-Terrainwetness 266.79 3 0.594 0.029 206.43 3  0.637 0.030
L- Landcover 25454 11 0.769 0.134 168.89 6 0.866 0.241
V- Vegetation structure 250.60 4 0.765 0.097 185.34 4 0.795 0.142
Null (constant) 270.65 1 0.500 0.000 208.57 1  0.500 0.000
Two-factor models:

S+T 26755 5 0.638 0.041 19795 5 0.779 0.090
S+L 251.07 13 0.804 0.162 162.00 8 0.884 0.293
S+V 249.60 6 0.778 0.116 181.78 6 0.816 0.178
T+L 252.33 13 0.788 0.158 168.26 8 0.881 0.263
T+V 248.63 6 0.777 0.119 18399 6 0.817 0.167
L+V 247.09 14 0.829 0.185 160.16 9 0.889 0.312
Threefactor models:

S+T+L 249.89 15 0.812 0.182 163.32 10 0.890 0.306
S+T+V 248.69 8 0.792 0.134 181.60 8 0.832 0.198
S+L+V 243.70 16 0.837 0.212 154.07 11 0.897 0.361
T+L+V 24456 16 0.838 0.209 156.01 11 0.898 0.351
Four-factor models:

Global (S+T+L+V) 242.62 18 0.845 0.231 156.44 13 0.899 0.369
Final model 241.45 17 0.841 0.228 152.84 9 0.891 0.347

Table 23. Logistic regression parameters for the regbported (AIC) model (with and without
LiDAR data) describing probability of a S1 or S2 vascular plant being present in the Lower
Athabasca region of Alberta using 262@14 conservation status ranking. Landgerovariables

are in comparison to the reference category of deciduous forest.

Modelw/ LIiDAR variables Modelw/o LiDAR variables

Variable Coef. SE P Coef. SE P
Soil pH 5.706 2.788 0.041 6.183 2.686 0.021
Soil pH -0.581 0.298 0.051 -0.641 0.287 0.026
T-CTI (wetness) 41.53 21.53 0.054 39.00 20.64 0.059
( )|
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T-CTI? (wetness) -8.679  4.490 0.053 -8.194 4310 0.057

L-Treedbog 3.161 1.453 0.030 2.556 1.381 0.064
L-Graminoidpoorfen 5.324 1.458 <0.001 5.616 1.353 <0.001
L-Shrubpoorfen 3.851 1.369 0.005 4.168 1.255 0.001
L-Treedpoorfen 3.928 1.212 0.001 3.940 1.142 0.001
L-Graminoidrich-fen 3.357 1.551 0.030 3.827 1.528 0.012
L-Shrubrich-fen 2.426 1.401 0.083 2.681 1.329 0.044
L-Treedrich-fen 4.263 1.197 <0.001 4.098 1.126 <0.001
L-Conifer swamp 3.174 1.474 0.031 3.031 1.466 0.039
L-Upland burn 4.893 1.708 0.004 4.544 1.678 0.007
L-Upland pine 2.520 1.005 0.012 2.808 1.024 0.006

V-Canopy height (CRR) 5.872 1.799 0.001
V-Canopy heightg95 -0.116  0.053 0.028
Constant (intercept) -69.29  26.19 0.008 -65.77 25.00 0.009

Map predictions of the 2032014 S1 and S2 ranked vascular plant habitat showed patchy
patterns of rare plant habitat throughout the region reflecting the valueuohlzer of land cover
types and other landscape factdfgy(ire2.5a). Some notable sites included the southern parts of
the Birch Mountains, the area around Winfred Lake east of Conklin, and Marguerite River
Wildland along the Saskatolvan border east ofdft McKay.

Rare plant habitat (S1 & S2 ranking, 201&urrent)

Of the 602 plots sampled, 31 had at least one S1 or S2 ranked vascular plant (27 plots when
limited to the extent of available LIDAR data) as ranked by conservation status using 2015
rankings(Figure 2.4a). Noticeable changes in frequency of rare plant encounters were observed
with the recent change in conservation status of plants. Proportion of occurrence by land cover
varied from O for most land cover types to 0.16 in upland pine foresthwieiarly doubled in
encounter rate of rare plants between 2014 and 2Bitfuré 2.3). This was largely due to
previously unclassified species that were specialists to dry sandy plains (Athabasca Sand Plain)
being ranked to S1 or S2 status with many siieshe sand plain now classified as having a
conservatiofranked species. Other land cover types frequently occupied by S1 and S2 plants
included treerich-fen, shrubrich-fen, treed swamp, and upland conifer foreBtgyre2.3).

24

—
| —



Water Water

Prob. rare plant: Prob. rare plant:
[ unlikely ) unlikely
~Jlow [ Jlow
| moderate

& high

|| moderate

£ high
0 25 50 100 0 25 50
Kilometers Kilometers

a. b.

Figure 2.5.Predicted distribution of rare vascular plants (S1 or S2 conservation rank) within the
Lower Athabasca of northeast Alberta, Canada based on landscape predictors and either (a.)
20122014 conservation status or (b.) 2015 conservation status. Predictsseslare based on

model sensitivity, specificityand optimal threshold classification probability (unlikely =
sensitivity O 0.9; l ow = sensitivity < 0.9,
probability; moderate = sensitivity < 0.9, while beimggher than the optimal threshold
probability; high = specificity > 0.9 and higher than dpimal threshold probability).

The most supported model predicting rare plant presence for the@éd S1 and S2 species
included all of individual landscapctors related to soils, terrain (wetness), land cover, and
vegetation structure (Table2). When considering individual (single) factors, land cover was
much more supported than the other factors, followed by vegetation structure from LIDAR, soils,
andterrain wetness. All single factors models were more supported than the null model. The
most supported twoand threefactor models included vegetation structure (LIDAR) and land
cover for the twefactor model with soil pH added for the thiiaetor modelsimilar to 201214
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conservation status model). The final adjusted global model that contained these same 3
landscape factors with further simplification and overall good model fit (psRtd60.347) and

model accuracy (ROC = 0.891; Tablel.Soil pH had a nodinear response with peak
occurrence of rare plants at moderate pH levels. Finally, for LH0ARved vegetation structure
metrics the canopy relief rati@RR) was positively related to rare plant occurrences, while the
standard deviation in capg height was negatively related to rare placturrences (Table 2.3).
Parameters included in the model without LIDAR metrics were similar to those with LIDAR
variables, but with the upland conifer land cover type removed as there was less evidesce for it
inclusion once vegetation structure vates were removed (Tabled.

Table 24. Logistic regression parameters for the megpported (AIC) model (with and without
LiDAR data) describing probability of a S1 or S2 vascular plant being present iroter
Athabasca region of Alberta using Z0donservation status ranking. Land cover variables are in
comparison to the reference category of deciduous fanesother unlisted native habitats

Modelw/ LiDAR variables Modelw/o LIDAR variables
Variable Coef. SE P Coef. SE P
Soil pH 9.932 4.412 0.024 12.33  4.209 0.003
Soil pH -1.069 0.478 0.025 -1.306  0.456 0.004
L-Treedrich-fen 2.650 1.345 0.049 2.302 1.249 0.065
L-Conifer swamp 4.130 1.244 0.001 3.792 1.117 0.001
L-Uplandcorifer 2.323 1.374 0.091
L-Upland pine 4.172 0.869 0.000 3.676 0.698 <0.001
V-Canopy relief ratio 3.853 1.879 0.040
V-Canopy height (St.Dev.) -0.796 0.252 0.002
Constant (intercept) -27.41 9.957 0.006 -33.18 9.727 0.001

Map predictions of 20151 and S2 ranked vascular plant habitat showed distinct pattern with the
Athabasca Sand Plain having the greatest likelihood of encountering rare plgaots 2.5b).

Areas of treedich-fen, upland conifer, andonifer swamp were the other parts of thegion
showing distinct patterns of higher rare plant occurrences. The extent of these regions was much
less than that of the 20412 predictionswhere much more of the central and southern Lower
Athabasca contained rare plant habitkiggre 2.5a). Thisdemongrates the effect of the
reclassification of the conservation status of plants with the key result being the emphasis the far
northern sand plain and the-dmphasis of many of the fens and bogs common to the central
parts of the study area.

2.5 Digussion

Rare plant(S1 & S2)habitat in the Lower Athabase@as modeled for the region for both the
20122014 conservation status period and the more recent 2015 to current period. Initial 2012
2014 models demonstrated significant areas of rare plant habitat throughout the in situ region,
including high rates of e@ounter in most of the fens. In 2015 this pattern changed with changes
in status ranking of species with more importance placed on drier sandy habitats such as the
Athabasca Sand Plain in the north (area north of McClelland Lake). We suspect that aafumber
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species ranked as S1 and S2 on the sand plain are more comamocuitent information

provides (data and knowledge gaps). In fact, one spe@espphysalis grandiflorawas given

an Stranked status in 2015, yet found within 18 of 602 sites (seet€@hBpsuggesting that it is

much more commothan other available information suggests. Conversely, many sites where

rarity was downgradeth models(e.g.fens) due to theollection ofhistoric recordof species
associated with those habitatsay requie further assessments and monitoring to ensure records
associated with nearby disturbances havenot r
extirpation rates)

When considering landscape predictors of rarity, we found that not only was the Ducks
Unlimited Enhanced Wetland Classification effective in predicting rarity, but sSoLUiZssR -

derived vegetatiorstructuremetrics (Coopset al. 2007, 2015 particularly vegetation height

(95" percentile) and the canopy relief ratitn fact, when considered individually, the LIDAR
derived vegetation metrics were similar to better than land cover in predicting rare plant habitat.
This suggests that remesensing basegroxies of rare plant habitat may be used to not only
predict current habitat, but also potentially used for monitoring change. More work is needed to
validate these new relationships and to better understand mechanisms of those relationships.
Regardlesssome clear patterns and associations between land cover types (e.g. fens, pine
forests) and vegetation structure provide a basis for understanding regional patterns in rarity. It
should be noted that rare plants can occur in speoes sites, like pinedrests, and thus
approaches to conserving the most diverse communities will not satisfy conservation of rare
speciesand thugrinciples of omplementaryeed to be considered.

Finally, model (map) outputs should be used for regional to local assesspi@misng.
Currently, this product i's being used in the
Lower Athabasca as a Biodiversity Management Framework (BMF) indiddtisr suggests that

oil sands operators should consider use of the rare plartthhaimdels developed here when

doing leasescale environmental assessments in order to guidéesgesurveys and to identify
approaches to plan developments that minimize their impact on important rare plant habitat.

Implications for management andonservation

Rare vascular plants of current conservation concern within northeast Alberta (S1 &-S2 sub
national status) were found mostly within fens, especially tredéddand shrubyich fens, pine
forests, treed swamps, upland conifer forests, and tsarldegree deciduous forests. Particular
care should be given to developments within these habitats and if disturbed, mitigation methods
should be used to minimize their impacts. Where possibletknng monitoring of sites with
populations of rare specighould be considered («&®ar return frequency), particularly those in
proximity to development. Map predictions of rare plant habitat should be considered within
regional assessments, suchtasise asn indicator in the Biodiversity Management Framewo
(which it currently is) for environmental impact assessments over large areas, such as in situ oll
sands leases, and in regional conservation planning.
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CHAPTER 3.0: Using airborne laser scanning to predict plant species richness and assess
conservd i on threats in the oil sands region of Al
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3.1 Summary

Timely and coskffective monitoring of biodiversity across large areas is a major challenge, yet
an important component of monitoring programs that inform policy and conservation strategies.
Recent advances in Airborne Laser Scanning (ALS) provide neartojities to simultaneously
measure vegetation structure and terrain morphology at fine spatial scales. However, there is
limited research on whether ALS metrics correlate with biodiversity measures. We used vascular
plant data from 283 quartkectare (B m x 50 m) plots from the boreal forest in northeast
Alberta, Canada to evaluate the potential for Ale8ived metricdo explain species richness
patterns for vascular plants, as well as for four growth forms: herbaceous (including forbs and
graminoids)and woody plants. We found canopy height from ALS was the most consistent and
important factor positively related to local patterns in vascular plant richness. Multivariate
regression models of Al-8erived metrics explained 20% to 35% of the variationpecies
richness among vascular plant and the four subclasses. When considering the current distribution
of in situoil sands leases in the region, vascular plant richness inside of the leases are higher than
those outside of the leases. Areas delineatedwfmodland caribou conservation had lower
average plant richness suggesting that caribou conservation will do little to protect hotspots of
pl ant diversity in Albertabés boreal -fcaleg est .
measures of ALSlerived vegetation structure to explain, predict, and potentially monitor local
plant diversity for a high latitude forested ecosystem.

3.2 Introduction

Given recent and projected trends in climate change and human disturbance, biodiversity threats
continueto be a major conservation concgi®ah et al 2000; Thuiller2007). Essential to
understanding trends in biodiversity and subsequently prioritizing conservation efforts is the
need to better understand environmgiodiversity relationships and tterive efficient methods

for monitoring biodivesity change (Araujo & RahbeR006; Kreft& Jetz 2007). Taxonomic
richness of species (alpha diversity), most often obtained directly from field surveys, is the most
typical measure of biodiversity (Thuiller0Q7). However, it is not practical to monitor
biodiversity in this way across large regions. A major challenge in managing biodiversity
conservation is therefore to link biodiversity measures at local scales teffexsive monitoring

across large area@Mairota et al. 2015). Appropriate surrogates for direct assessments of
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biodiversity are therefore needed. Advances in remote sensing technology have created
opportunities for monitoring habitat and vegetation structure at local to global scales, leading t
potentially better, more economical, and faster alternatives to field sy et al 2015).

Habitat loss and climate change are currently considered the two most critical factors threatening
biodiversity(Brookset al. 2002 2006 Thomaset al. 2004); both can be measured using remote
sensing (Turneet al. 2003). Although somstudiessuggest that multispectral passive optical
sensors can be used to predict biodiversity at largess@tmpset al 2008; Johret al 2008;
Zhanget al 2016), mos passive spectruderived satellite indices do not consider vertical
structure of vegetation, a key driver of biodiversity at local scalEcArthur & MacArthur

1961; Bergenet al 2009). Moreover, new insights and methods are needed to recognize that
vegetation structure and species composition differ even in two adjoining sites sharing a
consistent regional species pool (Cakal 2002). Indeed, thehysical structure of vegetation
haslong beemoted by scientistaskey to explairing variationin speciediversity, particularly

for animals,n part becaust relates to possible mechanisof ecological complexity and niche
partitioning (MacArthur& MacArthur 1961; Kalka& Handley 2001)However, metrics related

to vertical distribution and straigfation of vegetation have historically been feasible only
through collection of field data (Bak& Wilson 2000) thus limiting their application to local

case studies.

Recent advances in Airborne Laser Scanning (AieShnology now provide opportures for
measuring and monitoring the structure and complexity of vegetation across larger areas. This
includes measures of canopy cover, height class distribution of vegetation, and maximum canopy
height (Bergeret al 2009). These metrics of vegetatiorusture have been used to predict the
richness of vertebrates, particularly for birds (e.g., Bradletirgl. 2005 Clawgeset al 2008;
Coopset al. 2016, with little done to assess whether ALS metrics explain local patterns in plant
diversity.

Plant diversity at local scales (i.e., community level) is known to be affected by many different
factors, including biomescale environmental conditions or regiot@local factors of
topography, environmental heterogeneity, vegetatps, and vegetatin structure (e.g., Moser

et al. 2005; Kreft& Jetz 2007; Fine 2015). Exploring the factors affecting plant diversity at the
community level therefore requires understanding of both regional climate factors and local
environmental variables, including tleothat can be measured by ALS. Here, wea&3plant
biodiversity plots from the boreal forest in northeast Alberta, Canada, an area undergoing rapid
landscape change due to oil sands developments, to examine whether ALS vegetation and terrain
measuremest in combination withother environmentalariables, relate tgatterns ofplant
species richness. Establishing this relationship will enable landscajpe predictions of
conservation values. The boreal forest is the largest terrestrial biome on tthep&giing a

major role in global biodiversity conservation and ecosystem function (Melillal 1993;
Nasholmet al. 1998. The biome is, however, sensitive to global climate change and human
disturbance (Salat al 2000; Larsso& Danell 2001). Undetanding biodiversity patterns (e.qg.
biodiversity hotspots) in the boreal forest, as well as their relationships with local to regional
factors, is one key step for managing biological conservation and monitoring change due to
exogenous (e.g. climate cha)gand endogenous (e.g. habitat fragmentation) thraais.

includes a better understanding the implicati
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oil sands (Roonet al 2012) , the worl dds | argest oi |l
biodiversity hotspots. And to explore whether the locations of plant biodiversity hotspots overlap
with those of other major conservation objectives, in particular areas of woodland caribou
(Rangifer tarandus habitat, which represent the current focus ofseowation initiatives in
Canadads boreaé¢tal20l0®).est (Schnei der

3.3 Methods

Study area

The study area was located in the boreal forest of northeast Alberta, Canada ranging in latitude
from 55.3° N to 57° N (Figure 3.1). This area is part ofBbeeal Forest Natural Region, which
includes the lower portion of the Athabasca River and Lake Athabasca (Natural Regions
Committee 2006). Elevations in the area range fi28d m to 863 m a.s.l., with annual
precipitation and mean annual temperatures ranging from 430 mm to 492 mm and.26@

to 0.3 °C, respectively. On the uplands, soils are typically Brunisols, while wetland areas are
Mesisols, Organics, Gleysols, and Grey Luviséigrests in the area are comprised of a mosaic
of deciduous, mixed wooaand coniferous stands, with upland stands dominateBdmylus,
Picea,andPinusspp., while lowland areas are represented by fens, swamps, an(Natgsl
Regions Committee 2008hanget al 2014).

Plot data

Plot data were collected under therrestrial Vascular Plant Monitoring Project for the Lower
Athabasca, formerly known as the Ecological Monitoring Committee for the Lower Athabasca
(EMCLA) Rare Plants ProjecEield suneys occurred in the summers of 2012 to 204th a

plot size of 50 m x 50 m (0.25 ha). Vascular plants were identified to species in each plot and
recorded as presedlabsence data. Unknown specimens were collected and identified later in the
lab to specis. See Chapter 1 for detailed field methddstotal, 602 plots were completed, but
only 283 plots overlapped with ALS data on both vegetation structure and topoeplepkigd
variables and thus were used in this stu@ymce the underlying drivers and sambly
mechanisms of plant diversity may differ across growth forms (dMa. 2013),all plants were
classified into five growth forms (subdivisions) based arcords from Floras
(http://www.efloras.org/ Thesesubdivisions included (1) all vascular plants, (2) herbaceous
plants (further separated to (3) forbs and (4) graminoats),(5) woody plants Only native
species were considered tinis paper Non-native species were infrequently encountered and
includedonly sparse cover of a small number of species {leagaxacum officinalen upland

sites). It should be noted, however, that plots were not directly on human disturbances, such as
vegetated well sites, pipelines, or clearcuts, but were in the regiovhere general forest
disturbancesreate conditions ofiabitat fragmentation. We are not therefore testing here the
direct effect of footprints from industrial practices on plant richness.
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Figure 3.1.Study area in Albea, Canada and plot locations.

Airborne laser scanning metrics and environmental variables

Airborne laser scanning data were generated from aerial surveys conducted between 2005 and
2013. Point densities averaged 1.9 returAsim t h t he dat a pr ebcaessesdedd u
technique (Rutebuchet al 2005; Wulderet al. 2008). Specifically, ALS point clouds were
processed witiFUSION software (McGaughey 20L& derive vegetation height and canopy
metrics (Coop=t al. 2016). Most generally, ALS data can be divided into three difféozast
vegetation attributes that relate to the horizontal and vertical vegetation structure (1) canopy
height at different percentiles; (2) percent of returns above a specified height of the ground to
indicate vegetation cover at that height stratum; @)dreturn proportion at specified height
intervals or variability of return heights to indicate vertical structure (McGaughey, Zaibps

et al 2016). Since many of these metrics are highly correlated with each other, we selected a
suite of variables thave considered to have greater ecological meaning to biodiversity. Previous
research has demonstrated that metrics based on first returns are more stable than those based on
all returns (Goodwiret al 2006;NaesseR009; Bateret al. 2011). We consideretthe following

nine LIDAR -derived variables: the5¥ percentile of observed first return heights above ground

to represent canopy height, percentage of first returns above 1.37 m (i.e. breast height) represent
percent canopy, percentage of first returngvabmean height, proportion of first returns for the
height strata of: below 0.15 m and betw@etb mto 1.37 m..37 mto5m,5mto 10 m, 10 m

to 20 m, and 20 m to 30 m (Table 3.1). We used LiBd&Rved canopy height at the 95
percentile of observeldeights to measure the maximum height of vegetation at a site rather than
using maximum height measured by LIDAR. This reduced sampling bias from extreme
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conditions (e.g., birds in flight, communication towers, etc.) or possible errors from LiDAR
returns(Kaneet al. 2010; Boltoret al. 2013).

Water availability at a site, soil moisture, and local disturbances caused by flood erosion are
considered to be important factors shaping local biodiversity (Nilssat 1999; Saleet al

2000; Xionget al 2003). To indicate the effects of water availabibty plant richness at each
plot, depth to water (DTW) was estimated for
(WAM) data derived from ALS point clouds (http://watershed.for.unbdapth to wagr is an

index that indicates the vertical distance (elevation) to available water, thus indicating drier to
wetter conditions of the soil (Murplst al 2007; Whiteet al 2012; Oltearet al 2016). Terrain
variability within a siteis also a factor inflancinglocal patterns irplant richness (Webbt al

1999). We usederrain slopewithin plotsto represent the effects tpography, including its
effects on promoting environmental heterogeneity within a $ierain slope was calculated
using ALSderived digital terrain model (DTM).

Meanannual precipitationM AP) and mean annual temperature (MAT) were used to account for
the effect of broagcale environmental variability in the size of the local species pool (Gaston
2000; Kreft& Jetz 2007). Manannual precipitation and MAT were extracted for each plot
using climate normals fromClimateAB data {ttp://tinyurl.com/ClimateAB. We note that
because of the regional geographic extent of the study (the distance between the furthest plots is
ca. 150 km) and the lack of mountainous terrain in the area, climate variables did not
substantially vary across the region, but they did indicate general temperature and moisture
gradients from colder and wetterwarmer and drier conditions.

Relationships betweeplant biodiversity hotspots, oil sands, and woodland caribou

Here we assess the threats to plant biodiversity hotspots from oil sands developments, as well as
the effectiveness of woodland cariboRagfgifer tarandups conservation in protecting these
hotspts. To do this we compared plant species richness for sample plot locations inside active
oil sands leases versus areas outside of active leases. Sites within lease boundaries represent
natural forest conditions surroundingsitu developments and are tpatially impacted by edge

or indirect effects, not by the footprint itself. Second, we compared sample plot locations of plant
richness for areas inside versus outside of woodland caribou range, given that woodland caribou
represent the main focusofcens vat i on and rest or atSclneideetn Can a
al. 2010, but little is known about the effectiveness of caribou in conserving otherTaxaap

locations of caribou habitat, we used caribou range rfraps Alberta Environment and Parks
(http://aep.alberta.¢ga These ranges are utilized for recovery monitoring and conservation
initiatives. Oil sands leasboundarieswere current to 201&nd based on dataom Alberta
Environment and Parkghttp://osip.alberta.ga Surface mine leases wenemoved from
comparisons and predictive maps of plant richness to account for the amount and severity of
disturbance within mines. Active oil sands surface mining is devoid of vegetation and we
considered these mining leases to have no conservationingdheneaterm. Instead, we focus

on in situoil sands developments were bitumen is extracted fronsstface wells and represent

overall a larger combined footprint than that of the more-iw@dwn oil sands surface mines.
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Statistical analysis

Natural logarithm logio, or squareroot transformations were used to normalize ALS and
environmental variables exhibiting highly skewed distributions, while a natural logarithm
transformation was used to normalize species richness values. All statistical amadyses
performed in R program (R Core Team 20X&nultaneous Aut@gressive (SAR) models with

a spatial error model were used to account for spatial autocorrelation in plots (Ké&sliag
2008). Richness of total vascular plants, herbaceous plants, forbs, gramanddsody plants
were then regressed against ALS metrics and environmental variables using SAR BwRels.
modelswere estimatedsingthe packagespde(Bivandet al. 2013;Bivand& Piras 2015)We

first used spatial autoregressive gmedictor regression to examine the effects of individual
factors (Table 3.1). We then used multivariaégression models of plant richness against
different combinations of those variables @ssess overall relationshipgBearson correlations
among all ALS metrics and environmental variables were first examined to avoid multi
collinearity in multivariateregression models. Where variable pairs had correlation coefficients
[r|>0.7, the one witimore ecological relevance and higher explanatory power for single factor
regression models was kept (Dormagtnal 2013). After considering all variable correlations,
the following uncorrelated variables were considered in modean annual precipitatn
(MAP), mean annual temperature (MATthe B percentile of canopy height (CH}he
proportion of first returns below 0.15 m @QAL5), proportion of first returns betwe@rl5m to
1.37m (F0.151.37), proportion of first returns between 1.37 m to §P1.3%5), proportion of

first returns between 5 m to 10 m (®6), depth to water (DTW)and slope of plots (Slope)
Since responsf biodiversityto environmental variablegre not always linear (Gasto2000),

we assesseduadratic effects faall ALS metricsby comparindinear and quadratic effects alf
investigatedALS metricsusingAkaike Information Criterion (AICYTable 3.1 and Table 3.2}
has been pr op o sbhetdgeert thoartodels is smallerethar@eA bot® models could be
consideed as having similar support (Burnh&nrAnderson 1998; Mazerolle 2004). Thusthé

AIC of a regression model with a linear response was more than 2 AIC points larger than a
guadratic response, the model wituadraticfunction was use@Table3.1 andTable 3.2. As a
result the quadratic of RR0 wasconsideredor explainingrichness ofvasculay herbaceous,
woody, and forb plantswhile P0.151.37 andP1.3%5 were considered for graminoid&able

3.2; Figure 3.4. Since different combinations afan@y height anddepthto-water could
potentiallyindicate types of forest habitaits this areawe also assessetthe interactive effect
canopy height and depth to wafee. CHxDTW) Finally, AIC was used to rank support among
models with competing variabdlcombinations. The model with the lowest AIC was considered
the most parsimonious model and the results from this model were reported (TabM&I3.
weights (w) were estimatefor each variable based on the fedit ofmodels tocomparerelative
importance okachvariable Burnham &Anderson 200R

To assess the effects of locations of in silusands leases and the effectiveness of woodland
caribou conservation as an umbrella for areas of high plant biodiversityyeviaid predided
plant species richness with oil sand lesa@&gure 3.6) andvoodland caribou rangg$igure
3.7). We also directlycompare plant richness from field data among treatment categories
(leased vs. noteased; caribou vs. no caribou) usiAggts of logy transformed species richness
(Figure 3.5).
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3.4 Results

Results of univariate responses in plant richness

Total species richness of vascular plants w@mificantly positively associated with mean
annual temperature (MAT), canopy height (CH), peeceagesof LIDAR returns above 1.37 m
(PR1.37) meancanopyheight (PRmean), the slope of plots (Sloe)dthe return proportion
within 10 m to 20 m (P2@0) and within 20 m to 30 m (PZD) (Table3.1; Figure 3.3) In
contrast mean annual precipitatiorMAP) and the return proportion below 0.15 m were
significantly negativelyassociatedvith total species richneg3able 3.1). Richness of vascular
plants was not significantly related to depth to water (DT return proportion withif.15 m

to 1.37 m (P0.18..37), within 1.37 m to 5 m (P1.3&), and within 5m to 10 m (P5L0) (Table
3.1).

Table 3.1 Simultaneous Autoregressive (SAR) univariate models of species richness for total
vascular plants, herbaceous plamtspdy plantsforbs, and graminoids against each explanatory
variables. The pseudo squaregr?) of SAR models are given in the tajéand symbols in

brackets represent the trends of relationshgie/eerspeciegichness and variable§he two

most supported models (logteAlC) for eachgrowth form are shown in bold.

Vascular Herbaceous Woody Forbs Graminoids
Variables i AIC vgl-ue i AIC vgl-ue i AlC vgl-ue v AlC vgl-ue v AIC vgl-ue
MAP 0.155¢) 387.0 0.000 0.1227-) 539.0 0.000 0.099-) 221.1 0.000 0.193-) 568.3 0.000 0.025-) 597.2 0.034
MAT 0.054(+) 4189 0.000 0.063+) 557.3 0.000 0.029+) 241.8 0.006 0.083+) 604.1 0.000 0.021+) 598.6 0.099
CH 0.100(+) 404.9 0.000 0.069+) 555.5 0.000 0.111+) 216.8 0.000 0.149+) 583.1 0.000 0.054-) 588.6 0.000
PR137 0.049(+) 420.4 0.001 0.028+) 567.7 0.029 0.058+) 233.3 0.000 0.09q+) 602.1 0.000 0.088-) 578.3 0.000
PRmean 0.045(+) 421.8 0.002 0.025+) 568.6 0.051 0.053+) 234.6 0.000 0.084+) 6039 0.000 0.094-) 576.4 0.000
DTW 0.019(+) 4294 0.130 0.013+) 572.3 0.834 0.033+) 240.5 0.005 0.03q+) 620.2 0.011 0.11F-) 570.7 0.000
Slope 0.03+) 4243 0.005 0.021(+) 569.7 0.3 0.060(+) 2327 0.000 0.086(+) 618.3 0.0B8 0.024(-) 597.6 0.054

P00.15 0.074¢) 4131 0.000 0.047-) 562.2 0.001 0.07F) 2289 0.000 0.13%-) 587.6 0.000 0.06%+) 586.3 0.000
P0.151.37 0.011¢) 431.6 0.887 0.013+) 5721 0.607 0.009-) 247.7 0.463 0.01F) 6253 0.269 0.108+) 572.1 0.000

P1.375 0.011¢) 4315 0752 0.013-) 571.9 0477 0.007+) 248.1 0.749 0.00§-) 626.4 0685 0.013+) 600.6 0.475
P510 0.024(+) 428.0 0.055 0.013+) 5720 0514 0.041+) 238.4 0.002 0.028+) 620.7 0015 0.034-) 594.7 0.011
P1020 0.068(+) 414.7 0.000 0.043+) 563.2 0.002 0.077+) 227.4 0.000 0.109+) 596.2 0.000 0.06§-) 584.4 0.000
P2030 0.056(+) 418.3 0.000 0.05q+) 561.2 0.001 0.04F+) 238.0 0.001 0.09+) 600.5 0.000 0.04§-) 591.2 0.001

*CH, canopy height; PR1.37 and PRmean, the percentages of returns above 1.37 m and mean height, respectively;
P0-0.15, P 0.158..37, P1.3%, P510, P1620, P2030 represent the return proportion at 0 to 0.15 m, 0.15 to 1.37 m,
1.37mto5m,5mto 10 m, 10 mto 20 m and 20 m to 30 m, respectively; MAP, mean annual precipitation; MAT,
mean annual temperature; Slope, the terrain slope of theDdlaV, the depth to water at the plot.

Of the variablesassessedVIAP and CH were the twestrongestpredictorsof speciesrichness
having the lowest AICs andindividually explairing 15.5% and 1@% (pseudo f) of the
variation in vascular plant richnessespectively. MAP and CH were alfte most supported
predictors in singleegression models for herbacediasb, and woodylantrichness, but not for
richness of graminoids, which was better explainediyV and the return proportion within
0.15m to 1.37m (P0.15P1.37) (Table8.1). Mean annual precipitatiofMAP) was consistently
negativelyassociated with richness of herbacedod), graminoid andwoodyplants, explaimg
12.2%,19.2% 2.5%, and9.8% of the variation respectively.Canopy heightwas negatively
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associated with richness of gramingiteit only explairing 5.4% of the variation (Table 3.1;
Figure 33). Unlike total vascular, herbaceouspody, and forb plantichnessplantrichness of
graminoids wasegativelyassociated witldepth towater explairing 11.2% of the varnation
(Table 3.1; Figure 33). Comparing results of linear anduadratic responses, quadratic
relationships for PA0 significantly explained richness of vascular, herbaceous, woody, and forb
plants (Table 3.1; Table 3.Fjgure 3.4). In contrast, for graminoids, the quadratic terms were
significant for P0.18°1.37 and P1.33. The interactive effect of canopy height and depth to
water CHx DTW) explained 6.5% of the vatian in richness of graminoids.

Table 3.2. Simultaneous Autoregressive (SAR) models for quadratic regression for plant

richness against selected ALS metrics and interactive effects of canopy height and water to depth
(CH. DTW). The pseudo squargr’) of SAR model s are hgiven in
difference in AIC value between these models and the corresponding linear SAR model (Table
3.1). If the AIC value of the linear SAR model was more than 2 points greater than the quadratic

SARmalel , the &AI C is shown in bol d.
Vascular Herbaceus Woody Forbs Graminoids

Variables r? AIC  aAIC r? AIC  aAIC r? AIC AIC r? AIC  a&AIC r? AIC  a&AIC
CH 0.100 406.9 2.02 0.071 556.8 131 0.121 21538 1.04 0.149 5849 182 0.055 590.5 1.89
DTW 0.019 4313 190 0.012 5743 2.00 0.036 241.6 1.14 0.030 6221 193 0.115 5719 124
Slope 0.040 4251 0.76 0.025 5706 0.94 0.063 233.6 0.85 0.038 619.8 150 0.028 598.3 0.71
P0-0.15 0.074 4149 182 0.047 564.0 1.78 0.074 230.2 1.32 0.137 589.1 147 0.072 5853 0.98
P0.151.37 0.011 4336 2.00 0.013 5741 2.00 0.010 2494 1.71 0.017 6259 0.63 0.122 569.6 2.55
P1.375 0.011 4335 201 0.014 573.7 176 0.008 249.8 1.69 0.008 628.3 191 0.034 596.8 3.82
P510 0.061 419.0 9.05 0.050 563.2 8.81 0.071 2311 7.26 0.074 6089 11.84 0.040 594.8 0.10
CH x DTW 0.015 4304 0.020 570.1 0.009 2475 - 0.008 6264 - 0.065 585.3

*CH, canopy height; R0.15, P 0.181..37, P1.37%5, P510 represent the return proportion at 0 to 0.15 m, 0.15 to
1.37m, 1.37 mto 5m, 5 mto 10 m, respectively; Slope, the slope of the plot; thd\dgpth to water at the plot

Results of multivariate simultaneous autoregressive models of plant richness

Simultaneous Autoregressive (SAR) multivariate meegplained 19.5% t85.0% (pseuder?)

of species richness across tfiee growth forms ofplans based on combinations of ALS
vegetation metrics and othenvironmentalvariables (Table3.3). In multivariate regression
models, anopy height (CH) remained the most consistent and important variable overall
explaining species ricless for all growth formsexcept graminoids Nortlinear quadratic
responses of PBO were also important for forbs, woody species, and total vascular plants.
Depth to waterwasnegativelyassociated with richness tital vascular, herbaceous, graminoid
ard forb plants. Consistent with singkpredictor regression models, MAP wasa important
predictor of plant richness and was includiedhe most supportednodels(lowest AIC values)

for all growth forms with MAP being inversely related to species richn&ssdictionsfrom
multivariateSAR modelssuggested thailantrichness was highest in the major river valléys

total vascularplants ancherbaceouswoody, and forbspecies (Figure 3.2 a, b, ¢ and while
species richness @raminoidswas highestn the flattest parts of the study area, representing
fens(Figure 32 d).
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Figure 3.2. Predicted species richnefss northeast Alberta, Canada basedSimultaneous
Autoregressive (SAR) modéisr richness of vascular (a), herbaceous (b), forlgé@minoid
(d), and woody plants (e). Results indicated that the areas associated \hitjhésplant
richnesswerein or around river valleysexceptfor graminads whichpeaked irrichnessn the
flattest areas typified as being fearsd bogsNote,oil sands surface mine leaseghe far north
of the mapwere removedshown in the maps in white)

Table 3.3 Simultaneous Autoregressive (SAR) multivariate models of richness of vascular
plants herbaceous planta,oody plantsforbs andgraminoidsagainst combinations of
explanatory variablés The combinations with the lowest AIC (Akaike Information Criterion)
were considered the most parsimonious modelstivélevalue for each coefficiemiven in the
table. Pseudo’ of the most supported model for file growth forms are reported. The Akaike
weight (v) is based on a full model (combination of thirteaniables) and used to indicate the




relative importance of individual variables. The two highest valuesfof each growth form are
in bold.

. Vascular Herbaceous Woody Forbs Graminoids

Variables
z-value w z-value w z-value W z-value W z-value W

MAP -6.44 0.996 -3.97 0.982 -8.61 1.000 -7.66 1.000 -2.55 0.697
P0.151.37 3.12 0.899 3.21 0.960 2.67 0.799 2.90 0.942 0.494
CH 3.15 0.859 3.40 0.951 2.90 0.785 3.28 0.874 0.366
DTW -3.04 0.688 -3.49 0.931 0.469 -3.04 0.794 -442 0.913
Slope 0.344 0.291 2.10 0.794 0.279 0.365
P0.15 -2.42 0.833 -3.06 0.900 0.433 -4.88 1.000 0.333
MAT 2.55 0.617 2.11 0.578 0.357 5.39 0.984 0.417
P1.375 -2.78 0.819 -2.76 0.904 -1.61 0500 -3.42 0.988 0.438
P510 1.65 0.386 0.353 2.05 0.418 0.346 2.07 0.575
P0.151.37 -4.94  0.919
P1.375? 2.42 0.601
P51 0.379 0.364 0.384 0.358
CH, DTW 0.479 0.390 -2.64 0.791 0.419 0.361
Model
performance
pseudo # 0.240 0.223 0.222 0.350 0.195

*CH, canopy height; R0.15, P0.151.37, P1.3%5 and P5L0 represent the return proportion at 0 to 0.15 m, 0.15 to
1.37 m, 1.37 mto 5 m and 5 m to 1§ respectively; MAP, mean annual precipitation; MAT, mean annual
temperature; Slope, the slope of the plot; DTW, the depth to wakérDTW, the interactive effects of CH and
DTW.
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Figure 3.3 Scatter plots for richness of total vascular, woody, herias, forband graminoid
plantsand canopy height, depth to water, slogred mean annual precipitatioRichness, depth
to water and slope were laansformed. Lines arerdinary least squares linear regressitam
relationships between those variables plaahtrichnesdor each ofthe five groug. VP, vascular
plants; WP, woody plants; HP, herbaceous plamtd MAP, mean annual temperature. Units for
canopy height, depth to water, slope and mean annual tetapeare meter, meter (legaled),
degree (logscaled) and mm, respectively.
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Figure 3.4 Non-linear relationships (i.equadratic) for richness of total vascular (a), herbaceous
(b), forb (c) and woody (d) plants, areturn proportion a to 10 m (P5L0) and for richness of
graminoids and return proportion @5 to 1.37 m (P0.15.37, e) and 1.37 m to 5 m (P1.87

f). Richness data, P0.1537 and P1.3% were logtransformed. Lines are quadratic regressions
for relationships betweethose variables and plant richness. VP, vascular plants; WP, woody
plants and HP, herbaceous plants.

Relationships between plant biodiversity hotspots, oil sands, and woodland caribou

The ttests demonstrated that legcaled richness of vascular, woodyd forb plants were
significantly different between plots inside and outside of caribou rapg@s06) with caribou
ranges having lower plant richness (Figure 3.5). Significant difference in plant richness were also
found for plots inside versus outsidé oil sands leases, except for richness of woody plants,
with richness slightly higher inside leases than outside of leases (Figure 3.5). These results also
reflected regional patterns based predicted maps ofplant richness although substantial
variaion was evident amongil sandsleases(Figure 3.6).As observed in predictive maps of
multivariate SAR models, most caribou ranges occurred in areas with relatively low plant
diversity. Thus, conservation of caribou ranges will not act as a surrogaiegerve those areas

of highest vascular plant species richness (i.e. richness hotspots) (Figure 3.7).
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richnessfor northeast Alberta, Canadaccording to:vascular (a), herbaceous (b), forb (c
graminoid (d), and woody (e) plardgsoups Blue polygon lines represemtappecdcaribouherds

3.5 Discussion

Combining the effects of habitt&grrain characteristics (e.g. slope, depth to water), including
climatic conditions, and the horizontal avettical structure of vegetation, we examined patterns

in local measures of plant richness in the boreal forest of northeast Alberta, Canada using ALS
derived vegetation structure measures, AleSived terrain measures, and climate. Our results
demonstratéhat climate, vertical structure of vegetation, and terdarved slope and depth to
water explainedca. 20% to35%) local patterns in nativelant species richnesklowever, the
effects of local variables on plant diversity differed across plant gréavins (Table 3.1; Table




3.3 Figure 3.3. Overall,canopy height and mean annual precipitation (MAP) were the best
predictorsof vascular, herbaceous, fodgndwoody plantichnesqTable3.1; Table3.3).

Many hypotheses have besuggestedo explainspatial patterng plant richnesst global and
regional scales (Auerbackh Shmida 1987; Kref& Jetz2007 Fine 201%. Determinants of
biodiversity may, however, change with spatial scale (AuerBa&ihmida 1987; Gaston 2000).
Although our study plots we located within a relatively narrow geographic area of one
ecosystemi the boreal fores{Figure 3.1) factors affecting large scale processes would be
expected to influence regional species richness and thus richness of the plant community
(Eriksson 199). To examine this question furtherewexploredthe effects ofmean annual
precipitation (MAP) andmean annual temperature (MAT) dhe spatial variation irplant
species richness all vascular plants and the fogrowth formsof herbaceous, woody, forand
graminoids Our results demonstratedthat, at a community level these two variables
significantly explained local variation in plant diversity (Table 3EQr multivariateregression
models,precipitationwas consistentlyseleced in modelgredicting richness ofascular plants
and the four growth formsMAP and MAT are considered two key factors the waterenergy
hypothesis of global biodiversity patterfi$awkinset al. 2003; Kreft& Jetz 2007). However, in
our researctprecipitationwasnegativelyrelated to plant richness (Tal8el), while temperature
was positively related to plant richness across all growth fofims supports previous sted
suggesting thagblant diversity in colder regions is primary limited by energy inputere/lwater
availability is not a key limitation (Hawkinst al 2003).

We measured local environmental conditions using Ake8ved measures of vegetation
structure (height and cover) and terrain characteristics to assess their influence in explaining
local patterns in plant diversity. éfiote sensinglata are usually linked to measures of
productivity and canopy cover which are known to be related to species assembly and richness
(Gillman & Wright 2006; Johret al 2008). We found that ALS metrics desantp vegetation
density (e.g. the percentage of returns above 1.37 m), and especially describing vegetation
height, were usefulpredicbrs of plant diversityat local (community) scale@able 3.1; Table

3.3). ALS-derived canopy cover has bepreviously denonstrated as aseful descriptor of
vegetationstructure(Coopset al 2007; Smaret al 2012).Our resultdurther demonstrated that

the effects ofcanopyon plant diversity differé amongplant growth forms. The two related
variables, i.e. the percentage of returns above 1.87Rnl.37)and percentage of returabove

mean height (PRmean), were positively associated spéitiesichness ototal vascular, forb,
herbaceousandwoody plans, butnegativelyassociated witlspeciegichness of graminoid#\s

would be expected, morepen habitatshad a higher capacity to maintain graminoidrich
communities while older and more productive forests wemere suitable fomaintaining total
vascuiar species and herbaceofmb, andwoody plants.

Overall, canopy height was one of most important factassociated wittpatterns of plant
diversity (positively relatedjn both univariate andnultivariateanalysegTable3.1; Table 3.3
Canopy heigt may be a surrogate for structural complexity of vegetation (McElhatrsl

2005) illustrating a positive association between structural complexity and plant diversity in the
boreal forest. More complex structure is well accepted as one of the pranagys of
biodiversity (Wolfet al 2012; St. Pierr& Kovalenko 2014; Loke&k Todd 2016). However,
most previous studies using LiDAgRrived vegetation structure relate to birds (€&getzet al
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2007, Coopset al 2016, with few studies focused on plant species richness where it is more
difficult to argue for a direct increase in niche space. Light is a basic resource that limits plant
growth (Craine& Dybzinski 2013)and pgant communities withaller plant heights peantially
provide more possible optiofar plantsin competition for light (Falstek Westoby 2003). Our
results showed ALS$lerived canopy height was positively associated with species richness
acrossplots for all growth forms, excluding graminoids, wheranopy height was negatively
associated with species richnesEalfle 3.1). These results maype due inpart to the
physiologicaladaption of plants to different typef habitatswith species in the graminoid group
represented by the families of Cyperaze®oaceae and Juncaceae, which are common to
grasslands and peatlands (Edwagtial. 2010). In the case of the boreal forest of Alberta, open
habitats are most often peatlands, including gramidoidinated fensRooneyet al 2012)
Other vertical masues of vegetation structusgere associated witplant richnesgTable 3.1).

For example, species richness of graminoids was positively associated with the pragfortion
first returnsbelow 15 cm (low groundayer, PO-0.15. In contrast, the relationshipetwveen
richness of vascular, forb, and woody plamss negatively related to this same ground layer
stratum P0-0.15. These metrics depict characteristics of vertical stratification directly (Gxops
al. 2007; Smartet al. 2012), which are related toethcomplexityof the canopy within the
community. The physical structure oflegetationhas beerproposedas a key factor limiting
diversity of ecosystemparticularly for birdghat aredependent on forest structuidacArthur

& MacArthur 1961).Our resuls support the theory that vertical structure of vegetation is
positively associated with plant diversity, not just bira¢Arthur & MacArthur 1961 Su &

Bork 2007; Bergert al. 2009).

Our study alsademonstratedhat hydrological conditiongrepresented by depth to watend

terrain slopen the boreal forest were associated viaital plant diversity (Table.1; Table3.3),

which is supported by other studi@ebbet al 1999; Sasst al. 2012). In our studyareaswith

steeper slopesadhigher plant diversity for all growth forms except graminoidsised valleys

and steeper terrain may therefdme potential hotspots fgrlant diversity in boreal forest$his
supports hypotheses of species diversityironmental heterogeneity whereegter terrain
variation results in more microsites and thus niches. Depth to water was negatively correlated
with the richness of graminoispecieqTable3.1; Table3.3), again indicating the specificity of
many graminoid species to wet environments {ens)

Environmentaland ALS measures used here represent only part of the factors associated with
conditions affecting plant richness in the boreal forests. Plant diversity is also affected by other
factors not measured in this study including lars#,unatural disturbances (e.g. fire), soil
conditions, and species interactions (Perivdemturaet al. 2006; Koubaet al 2015; Soliveregt

al. 2015). Models that incorporate these variables may be more generalizable and have broader
application to mondring. Regardless, Al-8erived measures of vegetation structure show
promise in directly measuring vegetation structure and thus indirectly monitoring plant
biodiversity (e.g. S& Bork 2007) across large (regional) scales. We suggest that measures of
vegdation structure are more likely to relate to measures of plant diversity than data from
multispectral passive optical sensors assessing horizontal features oKsglesaswamyet al

2009.

44

—
| —



One of the most important goals for biodiversity monitoisi¢p conserve species from threats

and set conservation priorities since biodiversity is unevenly distributed in space (Btadks

2006; Freudenbergest al 2013). In situ (nomineable) oil sands leases were significantly
different in plantbiodiversity to norleases for native habitats for all five groups except woody

plants with plant richness typically ing higher. However, when considering predictions across

the region, many of oil sands leases are located in the areas with modeedativtely lower

vascular plant richness. In general, there was trend towards leases further north having higher
total vascular plant richness (Figure 3.6). This suggests that the placement of oil sands leases
within the landscape is not random withresgect t he r egi ondés pl ant bi od
having greater conservation value and thus threats. In contrast to oil sands leases, vascular plant
richness was lower inside woodland caribou ranges than outside of caribou ranges suggesting
that the coeer vati on of cari bou, a threatened f 1| at
(Weclaw& Hudson 2004; FestBianchetet al 2011; Moreatet al 2012), will have little value

for protecting hotspots of vascular plant biodiversity (Figure 3.7). Identifyiirsgconservation

gap is important for prioritizing future cons
beyond a single, albeit charismatic, species.

Implications for management

Exploration of the utility of ALSderived metrics is ongoing the literature and research in this

field is still developing, with datasets for the entirety of Alberta not yet complete. Based on
findings from this investigation, we summarize the applicability of analyses usingdatigd
vegetation metrics for oilral gas related activities below. Determining which areas of a given
lease may harbor the highest vascular plant diversity is important, and our findings suggest that
these areas may not align with those considered of high value for other taxa (e.g).c@uioou
findings of a positive relationship between diversity and vertical vegetation structure and unique
landforms (areas of topographic relief in the relatively flat boreal landscape) can inform lease
level summaries of expected diversity and assistarsprvey planning stages for environmental
assessments by highlighting target areas. Special attention should be paid toward structurally
diverse and topographically variable areas. L-acale spatial predictions of plant diversity may

also prove effectie for identifying where proposed developments (e.g. roads, well pads,
processing plants) would have the least impact.
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CHAPTER 4.0: Observer error in vascular plant surveys: evaluating pseudoturnover and
the number of missed species

C. Denny, J. Denndt and S.E. Nielsen

! Department of Renewable Resources, University of Alberta

4.1 Summary

Observer error related to imperfect detection of species is widely regarded as an important issue
for vascular plant surveys. However, it is seldom formallynestied despite direct implications

for assessing changes in biodiversity. Estimating the magnitude of error and understanding the
factors affecting this will allow for more accurate conclusions to be drawn from survey data and
facilitate improvements to saifing protocols. Intepbserver error can be estimated through the
calculation of pseudoturnover and the number of species missed per plot, which are determined
by comparing species lists between observer pairs. Tiveserror metrics were calculated for a
subset of the Rarity and Diversity plots in the Lower Athabasca Region of Albert&4) and

were related to site richness, ecosite type, and sampling effort, both for all species collectively
and individual plant growth fons. Average pseudoturnover for all species was 15.4%, which is
low compared to previous studies, and an average of 7.8 species were missed per plot. Observer
error increased with species richness, and varied by growth form and ecosite type, but was not
influenced by sampling effort. These findings indicate that the species richness of a given plot
can inform estimates of the magnitude of observer error present, and suggest that plant functional
groups should be assessed individually when examining therdabiat affect observer error and

how these can be addressed.

4.2 Introduction

Imperfect detection of species during vegetation sampling is a common source of error in
monitoring programs (Nilsson & Nilsson 1985; Chehal. 2013), and thus a challender
inventorying and assessing changes in biodiversity. Observer errors can be classified as either
those of omission (falseegatives), when a species present at a site is not detected, or
commission (falsgositives), when a species is detected but mngitied (Miller et al. 2011).

Most often there is greater concern of omission errors, while commission is assumed to be less
significant and more difficult to deal with than omission errors. Estimates of the magnitude of
observer error and insight intoetliactors that potentially influence these errors, such as species
richness, plant growth form, and ecosite type, enable more accurate inferences and
improvements in sampling protocols (Morrison 2016). Although the issue of observer error is
often acknowldged in the literature, it is seldom formally estimated despite its implications for
research findings (Cheat al.2013).

As observer detection accuracy is challenging to quantify because true species presence at a site
is rarely known, observer error is instead typically evaluated in terms of precision by comparing
the results of multiple observers (Morrison 2016). hutlegrver error involves differences in
species detection among individual observers for a given survey site, which can arise due to both
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omission and commission errors (Morrison 2016). Comparing species lists among observers
allows for the calculation of psdaturnover (Lynch & Johnson 1974) and the average number of
species missed per site. Pseudoturnover refers teabserver error that suggests false changes

in species assemblages and is based on unique species numbers and total site richness, with
lower values indicating greater similarity in detection between observers (Nilsson and Nilsson
1985). A review of observer error in vegetation surveys found that mean pseudoturnover across
studies was 130%, suggesting that most species lists produced byatngling process are

likely incomplete (Morrison 2016). The number of species missed represents only the unique
species per observer for each site which were not detected by the other.

To assess observer error for the vascular plant sampling conductadtgptalRd Diversity plots
established in the Lower Athabasca Region, a subset of sites surveyed by multiple observers was
examined. Previous work by Zhaagal.(2014) evaluated observer error using an earlier version

of this dataset, but additional sammgl has since been conducted thus allowing for error to be
estimated across a larger number of survey sites and observer pairs. Specifically, our objectives
herewere to (1) quantify percent pseudoturnover for all species collectively, as well as for
individual growth forms (forbs, graminoids, shrubs, and trees), (2) determine the average number
of species missed for all species and per growth form, and (3) evaluate relationships between
these metrics and site richness, ecosite type, and sampling effort.

4.3 Methods

Repeat survey dataset

Plant species detection lists were calculated from 67 -si@yerepeat surveys that were
randomly completed by 16 field technicians on a proportion of the 602 Rarity and Diversity plots
sampled, with the goal of 1®urveyingat least 10% of all plots to assess observer accuracy (see
Chapter 1 for sampling methodology). This subset included 63 plots that had been surveyed by
two observers and four that had been surveyed by three observers, amounting tewirgepair
comparisongnd thus 150 values for unique species per observer. In total, 11 ecosite categories
were represented with only marsh (VD) unrepresented (Table 4.1).

Table 46. Number of Rarity and Diversity plots included in the repeat survey dates&q
plots) for each of the 11 ecosite categories.

Ecosite Number of
Plots
NT - Not Treed 1
PX1 Poor Xeric (poor, dry forests) 3
PM1 Poor Mesic (moist conifer) 9
PD1 Poor Hydric (bog) 4
MX T Medium Xeric (dry mixedwood) 3
MM T Medium Mesic (mesic mixedwood) 20
MG 7 Medium Hygric (moist mixedwood) 7
MD i Medium Hydric (poor fen) 5
RGi Rich Hygric (rich, moist forests) 1
RD 1 Rich Hydric (rich fen) 11
[ )



SDinSwampo Hydric ( 3
VD 1 Very rich Hydric (marsh) 0
Total 67

Calculation of observer error metrics

Species lists were compared between observers for each repeat plot to determine total richness
and number of unique species that had been detected per individual. Percent pseudoturnover (PT)
was calculated following the approach of Nilsson & Nilsson (19B8) comparisons of species

lists per plot, ifo b s e rAvaadrBsdétect & and $s unique species, respectively, and&hd

Sg species in total, pseudoturnover can be calculated as:
- YooY
0Y —— T
vy v P
The number of unique species paEryserver was averaged among plots, both for all species
collectively and per growth form, to indicate the number of species missed by the other
individual in the pair. Variation in sampling effort per observer pair was quantified as the

difference in totaplot survey time.

Model development

Linear regression models were estimated for pseudoturnover and number of species missed as a
function of total species richness and species richness per growth form, as well as ecosite
category. Log transformations @re used to normalize all data in pseudoturnover analyses, with

a constant of one added to percent pseudoturnover beforehand to account for zero values.
Analyses of the number of species missed had transformations for only some variables, based on
model ft per growth form. The effect of sampling effort was assessed only within the
pseudoturnover analysis that considered all species collectively. The ecosite reference category
for comparisons was designated as MWib(rnum eduléShepherdia canadensisvherethis

variable was included in the models.

4.4 Results

Pseudoturnover

A total of 379 vascular plant species were detected in the subset of plots for which repeat surveys
were conducted. Average survey time per plot was 90 minutes and ranged from 26 to 193
minutes. Average difference in survey time between observers per plot was 23 minutes and
ranged from 0 to 109 minutes. Average percent pseudoturnover for all species collectively was
15.4%, with values ranging from 0% to 29.2% (Table 4.2). Growth forffexeti in regards to

mean pseudoturnover and the range of values observed. Graminoids had the highest mean
pseudoturnover overall with an average of 20.4%, while shrubs had the lowest mean
pseudoturnover at 12.9% (Table 4.2). Moderate variation in psende&r was observed across

and within ecosite categories (Figure 4.1).

48

—
| —



Table 47. Number of species and percent pseudoturnaverqb pairwise comparisons) for all
vascular plant species collectivelty£ 379 species) and per grth form for the repeat survey
datasetr{ = 67 plots).

Number of Mean Percent Minimum Maximum

Growth Form Species Percent Percent
Overall PRI Pseudoturnover Pseudoturnover

Forb 212 15.9 0 44 .4
Graminoid 96 20.4 0 81.8
Shrub 50 12.9 0 33.3
Tree 21 15 0 100
All Growth Forms 379 154 0 29.2

30: . . E NT

| ‘ : B = Py
20 -PD
: ‘ ,- BE vix
: B v
10- B vG

Ecosite

Percent pseudoturnover (all growth forms) (%)

Figure 4.1 Variation in percent pseudoturnover< 75 pairwise comparisons) for all vascular
plant species collectivelyn(= 379 species) across the 11 ecosite categories included in the repeat
survey datasen(= 67 plots).
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Models for pseudoturnover

Total species richness was positively related to pseudoturnover for all sgesi€s002; R =
0.113) (U = 0.05) (Tabl e 4. 3; Figure 4. 2).
significantly affected pseudoturnover when considering all species.

Table 48. Summary of linear models examining relationships between percent pseudoturnover
(n= 75 pairwise comparisons) for all vascular plant species collectively379 species) and

total richness, sampling effort, and ecosite category for the repeat sutasgtde= 67 plots).

Log:o transformations were applied to all continuous variables except sampling effort.

Model Variable Coefficient S.E. p
Relationship with species richness (all growth forms): R2 = 0.1]
Intercept 0.551 0.194 0.006
Richness 0.363 0.112 0.002
Relationship with species richness and sampling effort: ®110
Intercept 0.523 0.198 0.010
Richness 0.392 0.118 0.001
Sampling effort -0.001 0.001 0.405
Relationship with ecosite: R2 = 0.029

Intercept 1.116 0.046 <0.001
NT 0.226 0.132 0.090
PX 0.161 0.132 0.227
PM 0.089 0.085 0.295
PD -0.141 0.098 0.157
MX 0.088 0.132 0.506
MG 0.133 0.093 0.158
MD 0.059 0.093 0.528
RG 0.235 0.219 0.286
RD 0.095 0.079 0.231
SD 0.162 0.132 0.221
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Figure 4.12. Relationship between percent pseudoturnomer 5 pairwise comparisons) for

all vascular plant species collectively £ 379 species) and total richness for the repeat survey
datasetrf = 67 plots). Axes were not lgegtransformed for legibility purp@s; however, these
variables were transformed in the linear model.

Total richness was most strongly correlated with pseudoturnover in graminoids and trees with
pseudoturnover positively related to species richnes®001, R = 0.187; ancp <0.001, R =

0.169, respectively), although relationships with individual growth form richness were more
pronounced <0.001, R = 0.297; and p = <0.001,2R 0.277) (see Appendix 4.1 for individual
growth form models). Species richness in both total and indivigheaith forms were weakly
related to pseudoturnover for forbs and shrubs with their effects being positive and near
significant in most cases. No general relationships were apparent between ecosite and
pseudoturnover for any of the growth forms, althougtiain ecosite categories had a significant
effect in some instances.

Number of species missed

Individual observers missed an average of 7.8 species per plot, ranging from 0 to 31 total
species, with forbs comprising the majority of species missed (Table 4.4). For context, among all
Rarity and Diversity plots, overall average species richness wdsa#8 ranged from 26.5 to

51

—
| —



71.9 species among ecosite categories (see Chapter 1). Moderately high variation in the number
of species missed was observed across ecosite categories with inconsistency in the amount of
variation per category (Figure 4.3).

Table 9.4. Number of species missed per plot5150 values for unique species) for all vascular
plant species collectivelyn(E= 379 species) and per growth form for the repeat survey dataset (
= 67 plots).

Number of Species Misseger
Plot
Growth Form Average Minimum Maximum
Forb 3.8 0.0 19.0
Graminoid 1.7 0.0 7.0
Shrub 15 0.0 6.0
Tree 0.8 0.0 5.0
All Growth Forms 7.8 0.0 31.0
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Figure 4.13. Variation in the number of species missed per piet 150 values for unique
species) for all vascular plant species collectively 879 species) across the 11 ecosite
categories included in the repeat survey datasets(/ plots).
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Models for the number of species missed

Total richness demonstratedsaong and significant positive relationship with the number of
species missed by a single observer for all species collectively.§01, R = 0.545) (Table 4.5;
Figure 4.4). Ecosite was also strongly related to the number of species missed for edl, speci
with certain categories having a significant effeat number of species miss¢@? = 0.406)
(Table 4.5).

Total richness was most strongly related to the number of forb species that were missed, and was
moderately related to that of the remainingethrgrowth forms (Appendix 4.1). Individual
growth form richness was strongly related to the numbers of forb and graminoid species missed,
while relationships with those of shrubs and trees were moderate. Both total and individual
growth form richness, hower, had significant effects on the number of species missed for all
growth forms. Ecosite had the strongest relationship with the number of forb species missed, and
was moderately related to those of the other growth forms, with signiidtaats for ceain
categories.

Table 410. Summary of linear models examining relationships between the number of species
missed per plotn(= 150 values for unique species) for all vascular plant species collectively (
379 species) and both total richness and ecosite category for the repeat surveyndaset (
plots). Logo transformations were applied to all continuous variables.

Model Variable Coefficient S.E. p
Relationship with species richness (all grofathms): R2 = 0.545
Intercept -0.893 0.112 <0.001
Richness 1.009 0.066 <0.001
Relationship with ecosite: R2 = 0.406
Intercept 0.819 0.035 <0.001
NT 0.300 0.071 <0.001
PX -0.078 0.112 0.490
PM 0.139 0.071 0.052
PD -0.515 0.064 <0.001
MX 0.010 0.112 0.931
MG 0.236 0.078 0.003
MD -0.072 0.062 0.245
RG 0.278 0.188 0.141
RD 0.055 0.066 0.404
SD 0.244 0.112 0.031
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Figure 4.4. Relationship between the number of species missed penptdt{0 values for
unique species) for all vascular plapiecies collectivelyn= 379 species) and total richness for
the repeat survey datasat{ 67 plots). Axes were not laegtransformed for legibility purposes;
however, these variables were transformed in the linear model.

4.5 Discussion

Effective management and conservation of biodiversity is predicated on the ability to detect
ecological trends, which itself is contingent upon the recognition and minimization of error.
Observer error during vascular plant sampling, represented here as percdotyseeuver and

the number of species missed per plot, generally increases with species richness. The magnitude
of the error and the strength of relationships with richness, as well as ecosite, vary by plant
growth form and depend on the error metric ualoservers missed an average of 7.8 species
per plot. The observed average pseudoturnover of 15.4% for all species was low compared to
previous studies, and was not influenced by differences in sampling effort betvessnens. It

is likely that the timeunlimited sampling protocatllowed observers tsurvey to their saturation
pointand thus reduced observer erf@revious work based on a portion of this dataset by Zhang

et al. (2014), which contrastetiime-unlimited with a timelimited protocol, suggest that time

limits may result in far higher discrepancies in specieshistaeen observers.
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Further, thesdindings indicate that the species richness of a given plot can inform estimates of
the magnitude of observer error present, and suggest tnatt fpinctional groups should be
assessed individually when examining the factors that affect this and how these can be
addressedGraminoids hd the poorestepeatabilitybetweenobserves here, speaking to the

need for careful training on the families Cyperaceae, Juncaceae, and Poaceae. Further, particular
attention should be paid to this group during susvey

Implications for management

The analysis of pseudoturnover across a large,tingahr study indicates that observer error
occurseven among wellrained observer pairs with similar vegetation experience backgrounds.
Observer error therefore cannot be ignored when interpreting the results of vegetation
inventories Reported absenced species of conservation concern should be interpreted with
respect to measures of total site richness antieldesamplingprotocolused(time unlimited vs.
limited). We encourage the use of timalimited protocols in vegetation surveys reduce
psaidoturnover Smaller plot sizes would further decrease pseudoturnover, but would reduce the
likelihood of encountering rarer microhabitats that would increase rare plant encokintzig,
graminoids are a challenging group which may require extra @masion during surveys.
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CHAPTER 5.0: Experimental detectability trials using decoy species
J. Dennett, A.J. Gould, S.E MacDonald, and S.E. Nielsén

. Department of Renewable Resources, University of Alberta
2. Alberta Parks, Alberta Environment and Parks

5.1 Summary

Successfully detecting rare vascular plant populations during field surveys prior to oil and gas
developments has direct implications for conservation of rare species. Industry cannot mitigate
for populations of which they are unaware. Imperfect detection leads to underestimates of
species presences on leases and thus decreases the reliability of survey data. The issue of
imperfect detection has not been examined in detail within boreal envirswieere vegetation
structure would be expected to influence detection rates. Here, we address this issue by using
detectability trials with decoy plants, where species are targeted by volunteer observers unaware
of their true presence or abundance in syplots. Our findings indicate that the detectability of
cryptic species is very low when abundance is low305 %) and pl ot si ze 1is
100 nt). We suggest that future surveys in the oil and gas area consider species characteristics of
target (rare) species, provide records of search effort, and limit plot size through alternative
search methods.

5.2Introduction

Ecological survey data atesed to understand species presence and abundance across landscapes
and to help guide conservatiaecisions. When survey daee inaccurate or biased, it affects

our knowledge of species distribution, rayignd conservation status, and conservation efforts.
As with other taxa, detection of plants in surveys is impeffdecKenzieet al. 2005; Morrison

2016) Factorsdemorstrated to influence plant species detectability include the observer,
abundance, phenology, habitat attributes, and morphd®@iggnet al. 2009; Mooreet al. 2011,
Alexanderet al.2012; Garrarcet al. 2013; McCarthyet al. 2013; Ng & Driscoll 2014; Morrison
2016) Work on plant detectability in forested systems is more limited, but studies thus far
suggest low detectability (as low as P#§ target species in species rich forest plots in China
(Chenet al.2009) Imperfect detection of rare species is of specific concern, as one key attribute
of rarity is small population sizéabundance), a trait shown to correlate with poor detection
success.

In the oil sands area of Alberta, Hdésturbance Assessment (PDA) surveys are conducted prior

to construction of in situ oil sands developments in order to locate populations of seméava

plant species, which can then be managed through mitigation measures (see Chapter 6). Failure
to detect rare species in areas which will undergo development could result in oil aathigas

losses in rare plant populations. Provincial-Brsturbance Assessment guidelines direct oil and

gas companies and contractors to the Alberta Native Plant Council (ANPC) guidelines for survey
methodology(Alberta Native Plant Council 2012; Alberta Energy Regulator 20I4ese
guidelines advise upon observer experiencespreey planning, and survey methodology, but
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do not explicitly include recommendations or discussion arommerfect detection. Because
plants are static during survey, appropriate effort (time and area covered) during a single visit at
peak flowering can ensure detection success, rather than using costly repeat site visits over a
single seaso(Bornandet al.2014)

PresentlyANPC guidelines for rare plant survege not expliciregarding search area or effort
(time). Although individuals may search a large geographic area in a single day on a typical oil
and gas project, research has demonstrated a lack of repeatability between surveyors on plots of
sizes ranging from 4n? to 2300 m? (Leps & Hadincova 1992; Archaux, Bergés & Chevalier
2007; Zhanget al. 2014) Additionally, doserver experience is expected to improve survey
outcomesalthough this character has not always been correlated with increased omess

et al. 2011; Alexandeet al.2012) In Alberta, it is recommended that ebgers have 4 months

(1.5 to 2 field seasons) of taxonomic experience before commencin@idtuebance
Assessment (PDA) surveyAlberta Native Plant Council 2012Yynderstanding how observers,
survey attributes, and species characters interact to affect detectioramdtescorporating
measures to improve detection in survey guidelines will ensure reliable slatzegnd increase
confidence in reported absences of rare or target species.

Here, we conducted controlled field trials the manner of Moore et al. (2011)st used in
Australiain an invasive species application. Populations of target species (ddtatyaye not
currently growing in the ploaire planted prior to surveysllowing for the manipulatiorof
speciegelated factors (e.g. abundance, phenology) and determination ofirtfie@nce on
detectability.Results fromthe initial studyshowed that observedentity and plant abundance
were the best predictoof observer succegdloore et al. 2011) The goal of our experimental
decoy trials was to test the influenceptdt size and observer experience (2015), abundance and
distribution (patchiness)of target species observer movement paths (2016), and species
characteristics (both years).

5.3Methods

Study site and decoy planting methods

Both experimental trials wellecated west of Edmonton, Alberta at Woodbend, a research area
owned by the University of Alberta. Upland forest type across the property is predominantly
mixedwood with moderate shrub cover, mai@Glgrylus cornuta(Beaked Hazelnut). While plots
differedslightly in tree and shrub densitye considezdthem to have been effectively similar
structure Plot boundaries were marked using wooden stakes and string or nylon rope to deter
observers from leaving the plots during survey. Start locations wezd find marked using

large signs; observers were asked to meander survey plots beginning from the marked corner, but
given no further directions on type of search effort. Decoy plants were planted using garden
trowels at randomly determined locations withpiots based on two random numbers
representing the number of paces along the axes of the plot (i.e. first north/south, then east/west).
Every effort was made to reduce disruption during planting. Excess soil was removed from the
area and litter was sprildd around the decoy plant. We watered and checked individuals
regularly over both trials and replaced any specimens which were damagetde(bigory,
chlorotic). We used two target species in each y8gmphiotrichum lanceolatumand Viola
pedatifida(2015), andAllium cernuumandPetuniasp. (2016) (Figure 5.1).
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Figure 5.1.Photographic illustrations of theur species used in two detectability trails at
Woodbend research forest west of Edmonton, Alberta. Clockwise from upper left:
Symphiotrichunlanceolatumyiola pedatifida Allium cernuumandPetuniasp.

Volunteer observer® both yearavere recruited through email and word of mouth. In 2015 we
targeted individuals with specific years of vascular plant survey experience and time since their
last survey. In 2016 we recruited individuals who had experience conducting targeted surveys,
but did not require that these observers be experienced with vascular plants (e.g. we accepted
individuals with experience surveying amphibians and bryophytesinetiately prior to
beginning their surveys, observers were shown example specimens of decoy species and told that
neither, one, or both species may be presemty were able to revisit the example specimens
throughout the day. We instructed observersuxvey plots until they felt they had adequately
surveyed the area and recorded the total time of survey, as well as the time at which they
encountered any target species. Obsemverg not asked to make full species inventories, thus
simulating targetedare plant surveystEthics approval was granted for both trails through the
University of Alberta Research Ethics Office (PRO00059103 in 2015 and PRO00064852 in
2016). Participants were debriefed once they had completed all surveys. At that time, study
objectives and species presence within plots were disclosed.
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Effects of observer experience and plot size (2015 detectability trials)

In the 2015 detectabilityrials, we focused on manipulating plot size and observer experience.
We maintained species abundameeall plotsat 1 individual/plot/species across the following
five plot sizes:1 m?, 10m?, 100m?, 1000m?, and 2500m? with three replicates per siza €

15). Observers were categorized &% Expert botaniswith > 5 field seasons of rare plant and
plant survey experience, B)termediate botaniswith 2-3 field seasons of general plant survey
experience and had completed surveys within the preceding 4 manth8) Intermediate
observerswith > 2 field seasons of expence who had not completed a survey within the last 4
months(i.e. that field seasonfsroup 2(intermediate botanist) alignei t h  ANPCO6Ss sugge
120 days of taxonomic experience for individuals conducting rare plant surSegsen
recruited dseners were asked to complete one replicate of each plotifsigessible (a
minimum of 5)andto complete additiongllots if they were so inclined. The order in which plot
sizeswere completed and the replicate plot identity were randomized for each uadjvid
althoughcomplete randomization was forgone at the end of thettriahsure all plots had at
least one observatian each observer experience category

The two speciedargets (Symphiotrichum lanceolatunfiWestern willow aster] andViola
pedatifida [Crowfoot violet]) (Figure 5.1) were procured from Wild About Flowers, a native
seed and plant nursenearCalgary, Alberta. Neither species was flowering at the time of the
trial. We recorded the height and maximum width of each plantididual and the number of
leaves inV. pedatifida We did not count leaves in the aster as they were too numerous (>100
individual). We measured horizontal cover around each individual decoy plant using a range pole
from a distance of 5 and 10 m in fdur cardinal directions.

We used mixegkffect logistic regression models to relate detection success to the variables of
interest, namely observer experience and plot size, and AIC model evaluation to rank support
among candidate mode(Burnham & Anderson @2) Plot size was log transformed. To
account for repeated measures in a plot across observers and observers across plots, we used a
random effect on both observer and plot replicate. All analyses were complete(RiilC&e
Team2019usi ng t he pBaedetal@l5)6] me 46

Effects of population size and distribution (2016 detectabitrigls)

In 2016 detectabilitytrials, we maintained a constant plot size of 1000 and recruited 13
observers that had a background in targeted field surveys. In thalse we manipulated
abundance (1, 5, and 10 individuals) and distribution (clumpetiffase) of two target species
(Allium cernuumandPetuniasp.) across 15 plots using the design illustrated in Figurd36th
species were in flower throughout the trial. To achieve the desireespaaled arrangement of

i ndi vi dual s |ots, idusad thé shine rdndos eumbep pacing system described for
the 2015 trials, however when a set of random numbers meant that an individual would be
planted in close proximity (< 2 m) to another, we used the next number set to create a minimum
distancebetween patches.
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Figure 5.2.Study design used 2016 detectabilityrial. Closed circles indicatBetuniasp.,
open circleAllium cernuumThis design waseplicated 3 times for ®tal of 15 experimental
plots.

We asked participants to wear Columbus V990 GPS data logetsry Technology Co., Ltd.

during surveys to generate location data suitable for analyzing movement paths. To relate
detection success to movement patterns of observers, we measured obesemEents as
effective search paths in a GI&SRI 2015) Specifically, we created steps from GPS log
waypoints (sample intensity of 1 location per second) using Geospatial Modeling Environment
(Beyer 2015)and calculated tortuosity from these steps. Next, lines were buffered by a 1 m
radius (2 m wide path) in ArcMa{ESRI 2015) Total search area by each individual in each plot

was then calculated as the propartiof each plot searched (total search area divided by plot
size). Wethen used mixeeeffect logistic regression models with AIC model evaluation to
determine the relationship between species identity, abundance, arrangement, and observer
movement metricsrosuccess. To account for repeatedasuresye used a random effect on
observer and plot replicate. VBatdsetlal2018)éenrRe b u i |
(R Core Team 2025

54 Results

The influence of observer experience and plot size on detectability (2015 trials)

Sixteen volunteer observers completed 4 to 8 (although most often 5) surveys each, for a total of

83 surveys and 166 speciesel observations. Overall, detection of befiecies was lower than
anticipated, less than 50% in plots > 100(fr® x 10 meters) and declining rapidly with plot size

(Figure 5.3). The more morphologically distin¢t pedatifidawas found more frequently (57%

success across all plots) th&nlanceatum( 4 7 %) a mor e chrlyepnd ecd 0s pveicti
similar Asteraceaepecies analium borealewithin survey plotsin plots of 1000 ) the size
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used in the 2016 trial, total successvofpedatifidawas 35%, as compared to 23% succesSs. in
lanceohtum

100
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Figure 5.3.Total success observing 2 target species acrbgslot sizes for 16 volunteer
observers in a 2015 decoy plant detectability tnat (66).

Resuls of logistic regression demonstrated equivalent support for the top five reaheidate
model s (Al C < 2) (Table 5.1). Al l five mod
determinant of detection success, with target species having a weakly significant infience (
pedatifidafound more frequently), and an observed weak posdéiffert of height of plant. The

lowest AIC ranked model parameters are summarized in Table 5.2. Observer experience level
was not a significant factor in any candidate model.

Table 5.1.Results of logistic regression models of detection success fopetes in the 2015
detectability trials f observations = 166). Plot area was log transformed in all models. Aster was
used as the reference category in the wvariabl
which plots were completed by a given obser
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Model K AIC oA
success ~ plot area + species + height + (1 | observer) + (1 | plot) 5 1778 O
success ~ plot area + species + (1 | observer) + (1 | plot) 4 1785 0.7
success ~ plot area + (1 | observer) + (1 | plot) 3 179 1.2
success ~ plot area + species + experience level + (1 | observer) + (1 | plot) 5 1794 16
success ~ plot area + species * height + (1 | observer) + (1 | plot) 6 179.7 1.9
success ~ plot area + species + visibiity + height + (1 | observer) + (1 | plot) 6 1814 3.6
success ~ plot area + species + Vvisibility + experience level + survey order + (1 | observer) + (1 [7plot)183.3 5.5
success ~ (1 | observer) + (1 | plot) 2 199.6 21.8

Table 5.2.Parameters and standardized coefficients with associated standard error values for the

most supported AIC model of detection success (Table 5.1). Aster was used as the reference

category for the var i abndsfermddRp &66)i e s 0 .
. Standardized Standardized
Parameter (units) . p-value
coefficient standard ermor
Intercept 0 0 0.61
Plot area (ﬁ) -3.22 0.64 <0.001
Species (violet or aster) 2.09 1.01 0.04
Height (cm) 1.6 1.01 0.12

Pl

ot

ar

We built logistic regression models per species and observed differences in explanatory variables
included in the best supported models. Observer experience and survey order were weakly

significant in the best supported model Yarpedatifida however there was equivalent support
contai ni ng(Tablesl5B8 amu|5.d)h costrast, orS.( Al C

for

a

mo d el

lanceolatumthe most supported model contained species height and visibility (Tables 5.5 and

5.6).

Table 5.3.Results of AIC model comparison of candidate models relating the success of

detectingViola pedatifidato explanatory survey variables £ 83).

Model K AIC pAIl (

success ~ plot area + survey order + experience level + (1 | observer) + (1 | plot) 5 83.3 0

success ~ plot area + experience level + (1 | observer) + (1 | plot) 4 84.4 11
success ~ plot area + (1 | observer) + (1 | plot) 3 85.4 2.1
success ~ plot area + height + visibilty + (1 | observer) + (1 | plot) 5 86.7 3.4
success ~ plot area + height + (1 | observer) + (1 | plot) 4 87.4 4.1
success ~ plot area + height + leaf number + average width + (1 | observer) + (1 | plét) 89.4 6.1
success ~ (1 | observer) + (1 | plot) 2 106.3 23

Table 5.4.Parameters of the befiting model ofViola pedatifidadetection success & 83) as
determined by AIC model evaluation (Table 5.3). Plot area was log transformed in all models.
Survey order refers to the order in which plots were completed by a given observer. Expert

observers (those with > 5 years of experience) were withlela eeference category in the
0.

var.i

abl

e
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Standardized Standardized

Parameter (units) coefficient  standard eror p-value
Intercept 0.00 0.00 <0.001
Plot area () -3.79 0.79 <0.001
Survey order 1.06 0.62 0.09
Intermediate observers w/ recent exp. -1.54 0.79 0.05
Intermediate observers w/o recent exp. -0.06 0.73 0.94

Table 5.5.Results of AIC model comparison of candidate models relating the success of
detectingSymphiotrichum lanceolatu(n = 83) to explanatory survey variables. Plot area was
log transformed in all models. Survey order refers to the order in which plots wepéetaarby
a given observer. Expert observers (those with > 5 years of experience) were the reference
category in the variable Aexperience | evelo.

Model K AIC Al C
Success ~ plot area + height + visibility + (1 | observer) + (1 | plot) 5 90.5 0
Success ~ plot area + height + (1 | observer) + (1 | plot) 4 93.3 2.8
Success ~ plot area + (1 | observer) + (1 | plot) 3 94.2 3.7
Success ~ plot area + height + average width + (1 | observer) + (1 | plot) 6 95.1 4.6
4
5
2

Success ~ plot area + experience level + (1 | observer) + (1 | plot) 97.8 7.3
Success ~ plot area + survey order + experience level + (1 | observer) + (1 | plot) 99.1 8.6
Success ~ (1 | observer) + (1 | plot) 107.2 16.7

Table 5.6.Parametersf the besffitting model of Symphiotrichum lanceolatudetection
successr(= 83) as determined by AIC model evaluation (Table 5.5). Plot area was log
transformed in all models.

Standardized Standardized

Parameter (Lnits) coefficient standard error p-value
Intercept 0 0 0.043
Plot area (ﬁ) -3.36 0.963 <0.001
Visibility (proportion of range pole) 1.804 0.854 0.035
Plant height (cm) 1.713 0.807 0.034

Thus, we found limited support for the influence of observer experience in 2015. While we
recorded variation in success between observers, theseedifés could not be attributed to their
previous experience when considering both species (TableFbriher we did not observe any
significant difference in effort (time) by experts as compared to intermediate groups with and
without recent experiend€&igure 5.4).
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Figure 5.4.Time expenditure by 16 volunteer observers across 5 plot sizes in a 2015
detectability trial using 2 decoy target species 83). Note that data points are jittered on plot
area in order to increase clarity.

The influenceof population size and distribution on detection success (2016 trials)

Thirteen observers completed betwee$ 3urveys resulting in 53 total surveys with 106
observations of both species. We excluded one individual in movement analyses as their data
logge malfunctioned and two plots from two other unique observers due to similar data logger
failures. This left 12 individuals with 46 movement paths for analysis.

Detection success varied substantially between the sHeetyr{iasp.) and crypticA. cernuum)
species used in the trial (96% and 38%, respectively). Overall, the $hetwgiasp. was nearly
perfectly detected and thus, given little variation among experimental treatments, not further
considered Diffusely arranged individuals oA. cernuumwere 25 - 34% more likely to be
detected than the same number planted in a clwitip perfect detection failure for single
individuals within plots (Table 5.7).

Table 5.7.Detection success of nodding onigxilium cernuunp by 13 observersin 5
arrangementiaundance combinations across 15 experimental piat5@) in 2016.
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1 5 5 10 10
Single Clumped Difiuse Clumped Difiuse

Undetected 11 7 3 7 5
Detected 0 4 7 3 6
nobservations 11 11 10 10 11
% success 0 36 70 30 55

Results of logistic regression analyset individual detections demonstrated significant

positive dfect of abundance on detection wahweak trend of lower detectioates ofclumped
individuals AIC values < 2 AIC points apart indicate equivalent support of the top 4 candidate
models (Table 5.8). Thus, we suggest that abundance and arrangement of target species act
together to influence success, but abundance is the moretamppredictor (arrangement was

often only weakly significant). Overall, there was a weak positive relationship with survey order

in all top models (see Table 5.9). The number of seasons completed by an individual observer
was included in a single top caddte model, but was not significant. We also completed models
independently forA. cernuumsince this species had greater variation in detectability (see
Appendix 5.1, Tables A5.1.1 and A5.1.2)

Table 5.8.Candidate models of detection success regregsedsa explanatory variables and

ranked using AIC model evaluation£ 106). Species abundance was log transformed in all

models. No. of seasons refers to the number of seasons of vascular plant surveys conducted by an
individual observer, and survey ords the order in which a given individual completed survey
plots.Petuniasp. was withheld as the reference category in all models.

Model K AIC Al (

success ~ species + abundance + survey order + (1 | plot) + (1 | observer) 5 82 0

success ~ species + arrangement + abundance + survey order + (1 | plot) + (1 | obse®ver) 82.4 0.4
success ~ species + abundance + survey order + no. of seasons + (1 | plot) + (1 6 83.1 1.1
success ~ species + arrangement * abundance + survey order + (1 | plot) + (1 | obseiier) 83.6 1.6
success ~ species + arrangement * abundance + (1 | plot) + (1 | observer) 6 84.8 2.8
success ~ species + arrangement + abundance + (1 | plot) + (1 | observer) 5 85.3 3.3
success ~ species + abundance + survey order + (1 | plot) + (1 | observer) 5 87.9 5.9
success ~ species + (1 | plot) + (1 | observer) 3 91.6 9.6
success ~ species + survey order + no. of seasons + (1 | plot) + (1 | observer) 5 92.2 10.2
success ~ (1| plot) + (1 | observer) 2 140.5 58.5

Table 5.9.Parameters and standardized coefficients with associated standard error values for the
most supported AIC nael of detection success (Table 518¥%(106). Species abundance was

log transformeand survey order is the order in which an individual completed survey plots.
Petunias p. was used as the reference category for
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Standardized Standardized

Parameter coefficient  standard eror p-value
Intercept 0.00 0.00 0.68
Species -5.35 0.69 0.03
Abundance 2.83 0.92 0.00
Survey order 1.50 1.20 <0.001

Observers had quite variable backgrounds (plant surveys within Alberta, Canada, and
internationally) and number of years of vascular plant survey experience (rarigé4s Median

= 3). Observer identity or experience was not, however, related to detsatioess. Tortuosity

and proportional search area did not differ among observers. We observed very uniform speeds
across individualsx(= 0.16 meters/second, SE = 0.009), although interestingly there was a trend
in that the majority ofA. cernuumdetectons occurred when ~ 30% of the plot had been
surveyed. Further search effort did not improve success rate suggesting a possible saturation

effect for this species (Figure 5.5).
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Figure 5.5.Detectionsuccess for 12 observersAlfium cernuumn 15 exgerimental plots, as
compared to the proportion of the 1000pnl ot covered by each individ

path @ = 46).
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Detection trials have two major advantages to uncontrolled field experiments. First, the truth is
known, and thus each false absence can be accounted for. Second, variables of interest can be
manipulated with regard to target species in ways which woblerneise be unfeasible. Here,

we tested the influence of plot size and observer experience with constant target species
abundance (2015) and the influence of observer movement and target species morphology,
abundance, and arrangement (2016) on detectiaessicUnderstanding how detection success
changes with survey variables allows for the development of improved survey guidelines (e.g.
future iterations of ANPC survey guidelines) and best practices.

Together these trials have clearly demonstrated tluddapility of detecting cryptic species at

low abundance (i.e. 1 individual/1000nis very low overall (< 35%). The showBetuniasp.

used here demonstrates that consistently high detection rates (96%) can occur even at low
abundance when the speciesfl@vering and highly visible. However, a minority of boreal
species bear flowers of this size or are as brightly coloured, suggesting that most species would
go undetected when rare within plots and when not flowering. Many understory species in the
borealhave low overall flowering rates and are most often encountered in their vegetative state.
We observed perfect failure at detectiagcernuunin 1000 n? plots, as compared to 35% Vh
pedatifidaand 23% inS. lanceolatumdespiteA. cernuunbeing in flover at the time of survey

with a distinctive (if slender) inflorescence. The larger size of the two vegetative species likely
made them more detectable to observers. Thus, despite the advantages of distinct morphology
and phenology, detection of crypticesjes is likely far poorer than is currently recognized in
plant studies and surveys using larger search areas.

As demonstrated in other work, detection success increased with target species abundance in our
2016 trial, a product of increased encountge rbetween the observer and a larger number of
individuals (Moore et al. 2011; McCarthyet al. 2013) Considering species arrangement, we
recorded a 30% increase in detection success for clumps over single individdalseafiuum
presumably due to increased visibility of clustered individuals. However, clumps of 5 and 10
were detected at similar ratés 30%), suggesting that this visual advantage may not scale with
clump size. These findings have applicability to the allocation of survey effort during targeted
rare plant surveys. We suggest that surveys targeting species which are known to ogtur at hi
densities or in large, tufted growth forms (e.g. sedges sucBassx oligospermaand C.
vulpinoideg may require less effort than those targeting species which consistently occur at low
densities (e.g. somBotrychiumsp., and members of th@rchidacea), and second that all
reported absences of species should include a measure of survey effort (spatial scale and
temporal sampling intensity).

Considering all four specigsmrgetsand two trials, the neutral relationship between observer
experience andealection success was surprising. Literature suggests that observer experience is
often positively correlated with accuracy and success in detecting sfdaesson 2016)and

socially, surveys completed by expert botanists regarded as more reliable. First, we suggest that
targeted surveys are not subject to observer effects to the degreertipd¢te site inventories

may be. Complete knowledge of the flora would serve a considerable advantage in full species
inventories, in both time expenditure and presumably, accuracy. It is also possible that trial
search conditions differed from those e tfield such that the advantage increased experience is
expected to convey was negated. For example, many botanists use microsite associations when
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searching for target species with which they are familiar. These associations were not present in
this stug due to random assignment of planting locations. However, the surveyed area in 2015
trials was often smal? and Bus microsife agsdciatibpns san bee s O
considered irrelevant at this scale. We did not observe an advantage of y&rtgoetanists in

small plots when searching for a few target species thdirar shown to the observer.

Implications for management

Below we summarize considerations that should be made during targeted surveys of rare plants.
First, plot size shoulthe limited where possible, possibly through search techniques that divide
the total search area into sections with each section searched independently. This contrasts with
meandering surveys of larger areas. It is noteworthy that 180thensize used iB016 trials, is

1/10" the size of the average wellpad footprint in the oil sands area, further highlighting the need
for careful consideration of search area. Second, observer experience may not be as important as
traditionally considered when hiring batats for targeted surveys of one or few species. While
experienced observers may lend an increased feeling of confidence to reported absences,
particularly when searching for rare taxa, our results suggest that novice botanists can achieve
very similar reults in targeted searches. Finally, search effort should be documented and
considered when evaluating reports of species absence, both in terms of time and of area
searched in PfBisturbance Assessment surveys. Use of GPS|dgtgers that track search

paths should be considered when possible. Recording time to detection for target species will
also allow for further understanding of patterns in detection in field surveys within the oil sands
area.
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CHAPTER 6.0: Evaluating translocation of rare speciesin peatlands as a mitigation
technique

J. Dennettand S.E. Nielsen

! Department of Renewable Resources, University of Alberta

6.1 Summary

Mitigative translocation is a conservation tool employed infrequently, but consistently by oil and
gas companies northeastern Alberta. Translocations are resource intensive projects which may
fail to meet conservation goals due to shortcomings in planning, execution, or monitoring. We
used experimental translocations in the oil sands region to evaluate trasddol inform future
mitigation efforts. Specifically, we focused on peatlands and two fen speSasacenia
purpureaand Carex oligospermaTransplanting occurred in the growing season of 2014 with
follow up monitoringover aspanof 3 years. Factors &t were anticipated to influence transplant
success were measured and inelspecies composition and cover, and nutrient status. Results
of monitoring in 2015 and 2016 indicate high transplant survival for both species and little
variation between recipient sites despite differences in major nutrfeatsacenia purpurea
transplats had consistent high survival and flowering rates over both years, @aikex
oligosperma transplants had reduced growth and survival between 2015 and 2016.
Translocations are most often conducted under time and logistical constraints and may be most
effective if employed on species which are known to have broad environmental tolerances.

Projectstatus Results current to 2016, final field monitoring and project completion in 2017.

6.2 Introduction

In situ oil sands developments in Alberta resulvégetation and topsoil disturbance that alters
habitat for vascular plants. Mitigating the loss of populations of rare vascular plant species from
human developments is a conservation priority. MandatorydiBtaerbance Assessment (PDA)
surveys are condted prior to development on oil and gas lease areas to locate populations of
concern(Alberta Energy Regulator 2014pnce rare species are identified, companies undertake
mandatory or voluntary conservation measures to presense thepulations. Mitigative
measures employed in the oil and gas industry include shifting the footprint to avoid direct loss
of the population during construction, no action, seed collection, and translocating individuals.
Recently distinguished in the ditature from traditional translocation projects, mitigative
translocation is the movement of plant material or animals which are at risk of imminent
destruction due to developmd@ermancet al.2015)

This practice is used infrequently, but consistently in Alberta for vascular plants, receiving
criticism as a conservation measure when the species ecology and determinants of success are
poorly understoodFahselt 2007; Maslovat 200FResultsfrom prior studiesindicatea mixed

success at besor re-introduction and agmentation project¢éFahselt 2007; Godefroidt al.

2011; Primack & Drayton 2011; Laemce & Kaye 2011; Drayton & Primack 2012; Clements
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2013) A widely recognized failing of traditional translocations is poor recipient site selection,
presumably caused by a | ack (Gobefroidetdat 2081) andi ng
Mitigative translocations conducted by oil and gas companies are limited in three main ways
which differ from traditional projects. First, follow up monitoringasking, presumably through

lack of allocationn resourcesnd/or high turnover in the consulting industry leading to a loss of
information around transplants. Second, public reporting of projects, even those which do
receive monitoring, is rare. Thisdeces the ability to determine efficacy and understand the
factors influencing successful translocations across species and projects. Finally, these projects
are often more time sensitive than reintroduction or augmentation projects. This puts limitations
on the preranslocation planning process resulting in recipient sites being selected quickly, in
some cases without consideration of methodology and knowledge of the ecology of the species
being translocated.

Despite these potential obstaclesll-planned mitigative translocations in the oil sands region
have the capacity to inform definitions of environmental tolerances of boreal spoiesl
environments are unique in that thase often dominated by peatlands and wetlanusbitat

types vhich have not been the focus of translocation research in CéDiaaents 2013)in the

oil sands region fens, groundwater fed peatlandstain a greater number of rare species than
other haltiat types(Zhanget al. 2014 Chapter 2 Futther, these habitats ameore likely to be
disrupted during oil and gas developmeiith minimal likelihood of successful reclamatidoe

to the complexity of replicating hydrological flow regim@ooney & Bayley 2011; Rooney,
Bayley & Schindler 2012; Raab & Bayley 2018iven the conservation focus and knowledge
gaps associated with this habitat, we chose to conduetrimgntal translocations for two rare
peatland obligate specieSarracenia purpureand Carex oligospermain 2014. Our specific
objectives were to determine overall survival and growth of these transplants and determine how
recipient site characters mayprove or reduce survival as they relate to characters at donor
sites. In practice, oil and gas companies may have a limited time in which to select recipient sites
and thus relating survival to recipient site characters can be used to direct futlcedtenms

efforts. Further, the success of our methodology can inform future guidelines and best practices
for boreal plant translocations. This project has recorded 2 years efgusbcation data with

the final year of monitoring to occur in 2017. Réspresented here are based on the first 2 post
translocation field seasons where transplant survival, growth, and flowering were recorded.

6.3 Methods

Donor and recipient study sites

Donor populations were selected from known largel@80 individuals) healthy populations
encountered during Ecological Monitoring Committee for the Lower Athabasca (EMCLA) Rare
Plant Project surveygnow the Terrestrial Vascular Plant Monitoring Project for the Lower
Athabasca Rarity and Diversity plots, see Chapter 1 dodetailed description)Three
independent donand recipiensiteswere selected for each species. Each focal species therefore
has 6 experimental sites. No donor sites contained both focal species and no recipibatisite
existing poplations. Recipiat sites were selected to vary in physical structure and vegetation
composition from donor site®ll 6 S. purpureasites are located in the vicinity of Conklin,
Alberta. ThreeC. oligospermasiteswere located near Fort Mackay, Albertahile the other3

were located near ConklifFigure 6.1)
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Figure 6.1. Location of 12 experimental tmalocation sites in northeasiberta. Sarracenia
purpureasites are denoted by Sarex oligospermaites by O. The letters R and D refer to
recipient and donor sites, respectively. Numbers 1, 2, andcaiadeplicates.

Study design, removal, and planting methodology

Translocations were conclied between late August and r8eéptember of 2014Ve seleted 70
transplantsat each donor site for both species. Twenty of thesesplarg were removed and
immediately replanted within each donor site as a control for the effect of transplanting. The
remaining 5aransplang from each donor siteere distribted amonghethree recipient sites in

groups of 17, 17, and 16. Therefore, each recipient site for each species has a founder population
of 50 individuals, from 3 different donor locatiofSigure 6.2) This provided the minimum
suggestedoundingpopulaton size of 50 individual¢Franklin 1980) In total, 210ransplans of

each species were translocated.ttdosplantsvere moved between donor locations
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n=20 (rm
Donor site 1 Donor site 2 Donor site 3

n=70 n=70 n=70

Recipient site 1 Recipient site 2 Recipient site 3
n=>50 n=>50 n=>50

Figure 6.2.Study design schematic used in 2014 mitigative transplantations, where 210
transplants foeachSarracenia purpureandCarex oligospermavere moved amanthree
donor and recipient sites, respectively.

To limit damage to the donor population, selected individuals were taken from as small an area
as possible with no individuals closer than 2 m to prevent overlap of vegetation plots. As both
species were almdant (>1000 individuals) at alkix donor locations, this resulted in removal
from an area of roughly 404nReplanting was conducted over a similarly sized area at all three
recipient sites per species. A benefit to plantirapsplang in a small area is the increased
likelihood of locating them in the future, noted to be a problem in previous work Svith
purpurea(Linda Halsey, percomm).

Prior to removal, eactransplantwas given an identification code with a metal washer lagtéc

to a loop of string and flagging tape allow relocation in the peatland environmeht0.25 nt
guadrat (0.5 x 0.5 m PVC frame) was then placed arounttahsplant and percent cover was
estimated for all surrounding species within the quadi@ngplants werecut from the peaas

small monolithsaveraging 50 cAwith substrate attached. Wemoved healthy adult plants with

a focus on obtaining significant amounts of root material rather than the precise removal of a
single individual.Carex oligospama is stronglyrhizomatousand thus each transplacantained
multiple vegetative anflowering stemsmostlikely ramets of a singlgenet Transplants of.
purpureaoften contained more than one individual. When transplants were first removed at their
donor site vegetative and flowering stems Gf oligospermaand pitchers of. purpureavere
counted and recordeWe transported plants in coolers or tubs with icepacks between donor and
recipient sites.

Planting in peat substrate was straightforwand anly troublesome at sites with high root
density. We cut slits in the peat (through the roots of other plants), widened them by hand if
necessary, and packed the transplant in with a moderate amount of force to avoid air space
around the roots. Vegetati plots with cover estimates (0.25)mvere repeated when plants

were translocatedjiving two complée vegetation surveys for each transplant. This was also
completed for donor site controls.
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Spring relocation checks and water chemistry sampling

In early June of 2015 and 2016 spring relocation checks and water chemistry sampling was
conducted at all experimental translocation sites. Spring checks consistegnafkneg all

individuals with flagging tape overhead and replacing unique id tags. Dwertosion of

alumi num pl ated washers, pl ants were remarked
tags attached to 2 or 3 ft. pigtails inserted into the peat at each transplant. Each tag is engraved
with the transpl ant armsFigureléebnt i fi cati on code (vi

Sampling of water chemistry at each site was used to determine the nutrient status of donor and
recipient sites. For water sampling we laid out a transect in the orientation that water was
expected to flow (e.g. perpendicular to open watempland slopes) through the fen. This
transect was set out to bisect the founder population at recipient sites and the control individuals
at donor sites and was generally i120 m in length. We then collected three water samples
using piezometers inged ~ 30 centimeters into the peat at the beginning;pwiict, and end of

each transect. Piezometers were siphoned out upon insertion, left to refill, and then siphoned
again until ~ 500 ml of water had been collected. Samples were not filtered ireltheThie
samples were then analyzed for the following: nitrite and nitrate{B NQ-, respectiely),

total nitrogen (N), totakjeldahl nitrogen, total phosphorus (P), sodium (Na+), potassium (K+),
calcium (Cat), and magnesium (Mg). This protocol Wl be repeated one last time in June,
2017. All analyses were conducted by the Biogeochemical Analytical Service Laboratory
(BASL) at the University of Alberta.

Summer survival, growth, and flowering checks

All experimental traslocation sites were revisited between late July and early August to conduct
summer survival, growth, and flowering checks. By this time of @eaiex oligospermas fully

mature but has not begun to shed periggmdSarracenia purpuredlowers are gemally fully

mature or beginning to senesce. For fitigect,we defined transplants to be deceased when no
green stems were producedGnoligospermand all pitchers were completely brown (i.e. xaon
living tissue) inS. purpureaFlowering and survival are recorded as binary variables. Growth

in S. purpureavas determined by counting the number of living pitchers. Pitchers persist over at
least one winter in this species and grow from the center of the plant, such that dead pitchers
often form a ring arond the exterior. Leaves . oligospermaenesce annually and new above
ground material is produced each spr{iRyser & Kamminga 2009)For C. oligospermawe
determined growth by first counting all stems and then measuring the tallest vegetative stem or
culm (flowering stem). When transplants produced flowers, we recorded the average length,
average width, number, and gender of spikes borrmeiloms using calipers.

Finally, at each donor site we measured 30-tnansplanted individuals df. oligospermao
determine average height and spike measurements under normal growing conditions in 2015 and
2016. We conducted similar counts of pitchansl flowering rates &. purpureasites using a
different set of 30 individuals in 2015 and 2016. As such, only the dat foligospermawill

be considered here and used as a benchmark for transplant growth. Measurements of summer
survival, growth, and flowering will be repeated one last time in 2017.
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6.4 Results

Water chemistry

Differences in water chemistry were observed among reciprahtdonor sites for both species
(Figures 6.3 and 6.4). SR3 and OD2 are located very close to gravel and paved roads,
respectively, which corresponds to high sodium (not shown) and calcium levels from road salt
and hardener applications.
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Figure 6.3.Water chemistry variables (Total kjeldahl nitrogen, total phosphorus, calcium, and
pH) over 2 years of sampling &arracenia purpureaonor (SD13) and recipient (SR3) sites.
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Figure 6.4.Water chemistry variables (Total kjeldahl nitrogen, total phosphorus, calcium, and
pH) over 2 years of sampling @arex oligospermaonor (OD13) and recipient (OR3B) sites.

Survival, growth, and flowering

Transplant survival was high overall declinimgnimally between 2015 and 2016 (Table 6.1).
Sarracenia purpuredransplants at recipient sites are virtually all extant (99% in 2015 and 98%

in 2016, with an interesting case at recipient site SR3 where an individual believed dead in 2015
grew new leaf material in 2016. Transplants showed a net gain of pitchers between 2015 and
2016 at all recipient sites (Table 6.1). Anecdotally, transplarss plipureaappear robust at all
recipient sites (Figure 6.5).
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Figure 6.5.A transplantedarracenia purpureat SR2, near ConklinAlberta. This transplant
contains a minimum of 7 individuals as this species produces only one flowering stalk per
individual per year.

Carex oligospermaurvival decreased from 94% in 2015 to 88% in 2016. Flowering rates for
both focal species declined in 2016, although to a greater exténtaligospermgTable 6.1).
Comparison of average height betweenQlloligospermaransplants at recipient sites and 90
urrtransplanted individuals at donor sites confirmed field observations that transplants appear
stunted (Figure 6.6). Average height of all transplants was 38.2 cm compared to controls (un
transplanted) averaging 83 dm2015. This disparity decreased slightly in 2016 to 52.9 cm and
68.9 cm, respectively

Table 6.1.Survival, growth, and floweringountsat recipient sites of transplant&drracenia
purpureaandCarexoligospermaover 2 yeargpercentages in bracket#gverage change in

pitchers is the difference in the count of pitchers per transplant between 2015 and 2016. Average
change in stems in the difference in vegetative stems or culms per transplant between 2015 and
2016.




Sarracenia purpurea 2015 2016
Living Flowering Relocated Living Flowering Relocated av. o |
Recipient 1 50 (100) 21 (42) 50 47 (96) 8 (16) 49 5.6
Recipient 2 49 (100) 25 (51) 49 48 (98) 22 (45) 49 4
Recipient 3 44 (98) 18 (40) 45 48 (100) 28 (58) 48 1.6
Total 143 (99) 64 (44) 144 143 (98) 58 (40) 146 3.7
Carex oligosperma 2015 2016
Living Flowering Relocated Living Flowering Relocated av. o
Recipient 1 44 (96) 17 (37) 46 42 (89) 4 (8) 47 0.4
Recipient 2 45 (90) 18 (36) 50 41 (82) 4(8) 50 -0.7
Recipient 3 46 (98) 15 (32) 47 42 (93) 7 (15) 45 -0.4
Total 135 (94) 50 (35) 143 142 (88) 15 (10) 142 -0.3

Table 6.2 reports control transpta where 20 individuals were immediately replanted at their
donor site for evaluating the effects of transplanting. Survival, growth, and flowering trends were
similar among these individuals and translocated (founder) populations at recipient sies for

purpurea(Table 6.1).

Table 6.2. Survival, growth, and floweringountsat recipient sites of control transplants of
Sarraceniapurpureaat donor sitesAverage change in pitchers is the difference in the count of
pitchers per transplant between 20h8 2016.

Sarracenia purpurea 2015 2016
Living Flowering Relocated Living Flowering Relocated av. @ |
Donor 1 20 (100) 9 (45) 20 17 (100) 8 (47) 17 3.25
Donor 2 18 (100) 7 (39) 18 17 (100) 12 (71) 17 6.25
Donor 3 20 (100) 5 (25) 20 20 (100) 2 (10) 20 2.55
Total 58 (100) 21 (36) 58 54 (100) 22 (41) 54 3.9
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4 . 2 Ll
Figure 6.6. Theinflorescence of a transplant€rex oligosperman 2016. Aside from shorter
stature, transplants sometimes developed fewer perigynia and more male flowers than usually
observed in this species.

Failure to relocatetransplants

As can be seen in Tables 6.1 and 6.2, not all transplants were successfully relocated at recipient
sites. ForC. oligosperma4 individuals were never relocated at recipient sites, and 7 were only
relocated in one monitoring year. RelocatiorSofpurpureavas similar, with 1 transplant never
relocated and 9 only relocated in one monitoring year. Relocati@n p@irpureaat donor sites

was similar, with 1 individual never relocated and 6 only found in one monitoring year.

The identification ofcontrol transplants aC. oligospermadonor sites was unexpectedly
complicated by the speciesd rhizomatous gr owt
dominate wetlands where it is found. We were unable to determine if shoots in the regmn of th
original transplant tag originated from the transplant or from neighbouring individuals. Further,
rapid peat growth at one donor site (OD3) resulted in the burial of original transplant markers
after a single season. Due to these factors, data coll@tteahtrol transplants will not be used.

6.5 Discussionof 2015 and 2016 results

Mitigative translocations are being conducted at high costs under time and logistical constraints
in the oil sands region of Alberta. These projects are rarely publicly reported with regional
success rates largely unknown. Evaluating this conservationicerafor peatland species
provides an opportunity to consider the efficacy of this approach and determine factors which
may increase success. Here, we conducted experimental transplants of two rare peatland species
with the objective of determining if emanmental factors at recipient sites influence survival
and growth. Monitoring of these transplants will concliugdehe summer of 2017 for-ears
posttransplantTo date ve have observed high transplant survival and low variability in growth
and flowerng among recipient sites, despite demonstrated variation in major nutrient levels and
field measured variation in community composition and vegetation structure. This suggests that
the environmental tolerances of these two species may be broader thamdfi®res under
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which they established at their sites of origin, and that these rare species are more dispersal than
environmentally limited. Production of a second generation at recipient sites would confirm the
ability to regenerate under these condsioanother dimension of site suitability, although this
project considers success to be transplant survival, rather than reprodGziefroid et al.

2011)

The initial high survival of transplants demonstrated here is supported by examples from the
literature (Drayton & Primack 2000; Godefroidt al. 2011; Cypher 2014)although initial
success may not always correlate with long term suc@@ssyton & Primack 2012)For
instance, we are anticipating further declines in survivalfooligosperman 2017 based on
evidence of decreased stenoguction from 2015 to 2016 and two years of stunted growth that
would potentially reduce stored carbohydrates. Reduction in flowering rates between 2015 and
2016 may indicate weakened plants, but could also be the result of individuals not flowering in
corsecutive years, a trait which is not uncommon in understory vascular p@atex
oligospermawas shown to germinate at very low rates (< 1%) despite reasonable seed viability
(33%) in peatland reclamation experiments in Québabergeet al.2015) This is in contrast to
greater germination and establishment of two ecologically similar sp&eigex limosaand

Carex magellanicgLabergeet al. 2015) Although the use of seed in translocation often yields
poor results(Godefroidet al. 2011) these findings majndicate a lack of amenability df.
oligospermao movement from its natal site.

Sarracenia purpuredransplants show very little variation in flowering and growth rates among
recipient sites and between recipient and donor sites. This speciesivelselaell studied and

has demonstrated a fairly broad range in habitat tolerances (e.g. acidic to alkaline fens) in the
eastern United Statg¥arberg & Gale 2013pnd a tendency toward rapid colonization and
growth when introduced to Swiss peatlaBarisod, Trippi & Galland 2005}t is possible that

over a longer timeframe thewmhat is considered her8. purpureamay form seHlsustaining
populations at recipient sites. We suggest that our documented success to date with this species
serve to reinforce the idea of restricting mitigative translocations to species whose ecology is
relatively well understood or which have demonstrated success across environmental gradients in
other research. Use of species whose tolerances are unknown may be best approached on an
experimental basis, rather than considered as an active conservatiegystThis may be the

most effective use of resources available for mitigative translocations.
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CHAPTER 7.0: Persistence of historic rare vascular plant populations in the oil sands
region of Alberta

J. Dennett M. Kohler, D. Far??, and S.E. Nielsén

! Departmenof Renewable Resotes, University of Alberta
2 Application Center, Alberta Biodiversity Monitoring Institute
3 Environmental Monitoring and Science Division, Albert Environment and Parks

7.1 Summary

Rare vascular pta species are of management and conservation priority due to increased
susceptibility to extirpation. Related decision making processes rely on understanding which
species are rare and where their populations occur. In Alberta, the Alberta Conservation
Information Management System (ACIMS) manages spéeies spatial data and provides the
ranks used to define rarity at the provincial level. However, a proportion of the population
records maintained by ACIMS were obtained through surveys for oil antelgasd projects
conducted prior to disturbance. If populations are extirpated due to construction of associated
infrastructure, rarity ranks may be misapplied and the effect of energy development on species
persistence may not be properly understood. Wepbetedremote sensindased assessments

and field visits for historic ACIMS rare plant populations in the oil sands area to determine the
prevalence of disturbance footprint across populations and the rate of extirpation. The majority
of populations in th region are located within 500 m of footprint, but srsalle disturbances

such as seismic lines tend to be the most prevalent footprint type. Field observations indicated
approximately 30% of historic populations had been extirpated and that the olddelibf
persistence declined with increasing proximity to disturbance. These findings suggest revisitation
surveys in disturbed landscapes such as the oil sands area should be encouraged to both improve
the accuracy of the provincial rare plant databasetangnhderstand how oil and geslated
activities may threaten plant populations.

Project status Field and remote sensing work completed in 2016 is summarized here. Additional
field site visits are planned for 2017.

7.2 Introduction

The nmaintenaceof rare vascular plant species at provincial and national scadleshiculturally

and ecologically significantThe ability to create and achiewenservation and management
goals for rare species requsrEccurate categorization of rarity and conseorastatuss In turn,
rarity ranking schemes relyn accuratedata representing the location and status of populations
for each specieRabinowitz, Cairns & Dillon 1986; Hartley & Kunin 2003; Masé&tral. 2012)
Extirpations of historic recorded populations dgatroducebias into conservation rankirgyif
theserecords areonsidered in mity assessmentsSpecifically, inclusion okxtirpatedrecords
canresult inspeciesappearingrevalenton the landscapand cause inaccurate rarity ranks to be
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applied In Alberta rare element occurrences of species (populations) are maintained by the
Alberta Conservation Information Management System (ACIMS). Reaufrdare species, or
those of conservation concemre submitted by the public to the provincial government, most
often by amateur botanists or those employed by consulting, govermmnesgearch agencies.

ACIMS uses NatureServe methods to assigrrational ranks ($Ranks) to all native vascular
plant species for which data are availaftasteret al. 2012) The rank calculator used in this
method includes entry fields for, among others, range extent, area of occupancy, number of
occurrencs, population size, habitat specificity, and population trends. Although the calculator
is comprehensivagrguably the majority aspecies haveubstantialata gaps for these attributes.

As such, ranking is often based primarmly two factors: the rangextentas determined bg
minimum convex polygorof known populationsand the number of occurrences within this
geographic are@Master et al. 20%2Lorna Allen, pers. comm. At a subnational levelthis
provides species or community level ranksSiS5, with S1 beingspeciallyvulnerable to
extirpation and S5 beingecure Additional ranks indicateases whergpecies are unable to be
assessed due to extinction, provincial extirpation, lack ofn@xdic resolution, or insufficient
data(e.g. SU) Uncertainty is expressed through combined ranks (e.g. S1S2).

Population records are often collected and submitted to ACIMS by consultants as part of Pre
disturbance Assessment (PDA) rare plant surveys umed on oil and gas leaséAlberta
Native Plant Council 2012; Alberta Energy Regulator 20While submission to ACIMSs
recommended, only the PDA survey itself is mandat@hiperta Energy Regulator 2014)
Submitted records correspond pooposed developmenrojectsthat may result in imminent
direct or indirect disturbance to identified popwat of conservation concer@hanges in land

use have been identified athe primary cause oéxtirpation of local populations(Fagan,
Kennedy & Unmack 2005; Pergit al. 2012; Gerke, Farnsworth & Brumback 2014or
instance, arevisitation study for 63 historic populations of a single species in Switzerland
observed that 24% of extirpations were associated with increased levels of agricultural
disturbance and fragmentatifilnenert, Fischer & Diemer 2002This raises concerns regarding

the use of records associatedhredisturbance Asessment® inform provincial ranking of

rarity and conservation statuas including populations (element occurrences) at high risk of
extirpation may artificially inflate record numbers atilis result in status ranks beingore
secure than true corins Presently, we do not know the extent of footprint in proximity to
historic vascular plant records or the regional rate of population extirpation related to oil and gas
development.

Here, we addressed this knowledge gapwo parts. First, we uselremotesensingimagery
based approach to quantify the amount and type of footprint in proximity to 188 ACIMS rare
vascular plant records within the oils sands area. Secondisik&dwa subset ofl0 populations
during peak flowering periods within tlod sands areaf northeast Albdain 2016 At each site

we identified whether historic rare plant populatiowsre indeed still presento better
understand whether oil sands developmesffected the persistence d&hown rare plant
populationsWe planto visit an additional 20 sites in 2017itecrease sample size and to better
understand regional patterns of population loss.
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7.3 Methods

Study area

Our study area was defined by the boundarieshef grovincialoil sands area (OSAxnd
associated surf@ mineable area (SMAJigure7.1). Theoil sands areaovers roughlyonefifth

of the province (21%or 140,000 krf), encompassingll three majar provincial oil sands
deposits anchine natural supegions, and predominately consists of boreal mixedwowt a
other boreal suegion typesWithin theoil sands areahesurface mineable aresccupiesonly
4,800 knt (3.4% of the OSA of land surroundingthe urban areas dfort McMurray and Fort
McKay, Alberta. Thesurface mineable arezontains bitumen depositghich can be extracted
via conventional method8.e. surface miningand encompasses all provincial surface mining
operations Oil extraction activities inthe oil sands area areomprised of imsitu oil sands
developments thatypically use steam assisted gravity drainage (SAGD) or other solvents to
extract bitumen via wellsNe considered these two areas separateanalysesas footprints of
these oil sands developments are vastly diffgfieobney, Bayley & Schindler 2012)
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Figure 7.1. Study area and locations of rare plapbpulations in the oil sands and surface
mineable areas(= 188) considered in a revisitation project.

Assessing historic rare plant populationsing remote sensingmagery

Locations of rare plant populations were obtained from the publicly available ACIMS database
(ACIMS 2016. ACIMS tracks the conservation status of both individual vascular plant species
and species communities and refers tséhecords as element occurrenétse, wefocused on
elementoccurrences of single specigmpulationsthat were containedithin theoil sands area
boundarywhich amounted t4.88 records of 47 unique spec{&sgure 7.1) ACIMS recordsare
represerdd digitally in a GIS bypolygons of varying size based population extenandor
spatial accuracy of theriginal field observation Median polygon size wa<,600 m?, with
populationsfalling both within and outside of oil sands lead@sblicly available provinciabil

sands lease boundaries, current to 2013, were examined to determine whether records occurred
within lease areassovernment of Alberta, 2016).
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We used three metrics to evaluatee humanfootprint in proximity of historicrare plant
populations. First, we determined the number of records for which footprint occurred within the
original polygon boundaries, using th&lberta Biodiversity Monitoring Institute Human
Footprint Mapping Layer (2012ABMI 2016) (footprint frequeny). Second, we buffered the
centroid of each record by radii 00 m, 500 m, and 1rk and estimatedhe proportion of
footprint in each buffer classising the ABMI layer (footprint proportion). We compared the
proportion of footprint within these buffetasses using a Wilcoxon Rank Sum test. Finally, we
exported ACIMS polygons to Google Earth and visually examined each record using the most
current and clear imagery available (2002016) (DigitalGlobe 2016)Based on thevisual
extent of disturbance, & categorizedrecords as having high, moderate, or low footprint
(footprint severity) A high footprintwas associated witholygonsthat wereentirely disturbed

by anthropogenic activities (e.g. Figure2A and 7.2B). Moderate recordsvere thosewith
subgantial amounts of disturbandeut alsointact habitat remaining within thariginal polygon

(e.g. Figure7.2C). Recordsclassified as having a low footprint weegher undisturbed or had

little disturbancewithin the original polygon. This could includeninor vegetated (early seral)
disturbances such as exploratory seismic Jirmssmall scaledisturbances adjacent to the
polygon (e.g. Figur&.2D, 7.2E, and7 .2F).
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Figure 7.2.Examples of footprint types associated with provincial records of rarelaagptant
populations in theil sands areaf Alberta. A) Population likely lost to conventional surface
mining, B) Population likely lost to commercial 4situ, C) Developing insitu likely impacting
population,D) Developing insitu adjacent to popuiah, E) Exploratory seismic development
adjacent to populatiork) Undisturbed population. All maps created from Google Earth version
7.1.7.2026,magery from DigitalGlobe 2016.

Assessing status of historic rare plant populations in the field

We visited40 ACIMS populations representing 19 specwshin the oil sands arebetween
June and August of 20XEigure 7.1) Site locations and target species are provided in Appendix
7.1. Sites were stratified based on logistical constraamd chosen to encompa a range of
habitat and disturbance types in both terrestrial and aquatic habuatobservers with survey
experience were trained using specimens from the University of Alberta herbarium (ALTA) prior
to conducting surveyslhe observers visited easite during the expected flowering peritl
increase detectabilitfMoore et al. 2011) The centes of the original ACIMS polygos were

used as the plot cengdor all rare plantsearches. At terrestrial sitas< 32), surveyors searched

a circular plot with a radius of 50 m around the record center (maximum searabf ;88D
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