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EXECUTIVE SUMMARY

This research assessed hurraonological sustainability in rural landscapes as it relates to landscape
connectivity, biodiversity, carbon storage potential, and mitigations fitdtlifie conflicts within natural

and developed sites in Beaver County, Alberta. Over the course of four months (May to August 2016),
we collected data relevant to various aspects of land cover as it relates to carbon storage and wildlife
habitat includingvegetation and soil samples for biomass and biochemical analyses, and digital land
cover data for model development relative to intactness, species richness and landscape connectivity.
We also continued research on humbaaver conflicts as they relate the efficacy of pond levellers

and an associated cebenefit analysis. Finally, we continued collecting and analyzing data to assess
biodiversity of aquatic macroinvertebrates and wildlife. We also added avian monitoring to enhance our
biodiversity assesnent. Our analyses of these data continued through the fall and winter of 2016, and
extended into the spring and summer of 2017. Some data sets are extensive and will require more time
for in-depth analyses. The avian monitoring data has developed inM@mproject in collaboration

with Royal Roads University.

Increasingly all levels of government are responsible for limiting carbon outputs and, in some cases,
working with a carbon tax model. To quantify carbon storage potential in Beaver Gaitinity each of

the four upland types, we used the CENTURY Model and grbasdd soil organic carbon (SOC) data.

The CENTURY model estimated that on a per hectare basis, grasslands stored the most soil organic
carbon in the upper 20 cm (mean=65.8 ton/ha), follomedultivated lands (52.2 ton/ha), with forests

storing the least amount (37.8 ton/ha). Total SOC storage in the upper soil was greatest in cultivated lands
(73.6%), followed by grasslands (21.8%), with only a small portion (4.6%) stored in forest sails.
Grasslands had almost 600% more carbon stored in their-gbmwed biomass compared with the total

amount of carbon stored belayvound among the three habitat types.



Using similar land cover data to the carbon models, we created a land cover map fer Beawnty. At

69%, agricultural land use comprises the dominant land use in the County; however, there are some
intact grassland (16.4%) and forest habitats (7.1%) in the eastern and western parts of the County,
respectively. We also assessed habitat qualnd landscape connectivity as they relate to species
F6dzy R yOS NBfFGAGS (2 | fFyRaoOlILS gAGK y2 KdzYl y
richness. Firstly, we applied existing geographic information systems (GIS) data from the Alberta
Biodiversity Monitoring Institute (ABMI) to create species intactness maps and species richness maps for
Beaver County. These maps identify key areas in the County for intactness and species richness for: 1) all
species (vertebrates, invertebrates, native vegign, lichens and habitat features), 2) mammals, 3)

birds, and 4) native vegetation. Relative to intactness for all species combined, it was highest (most
intact) in the western reaches of the County and in areas of natural grasslands further east.

Interestingly, intactness for mammals was above average (>60%) throughout most of the County,

perhaps because of the ability for many species to adapt to agricultural crops and rangelands. Intactness
for birds was highest in the western reaches of the Counfye@slly in the aspen parkland and mixed

wood boreal habitats. Agricultural lands and developed areas had the lowest values for birds. Finally,
values for native vegetation were very low, except in some of the protected areas on the western

boundary of theCounty and in the native grasslands to the east.

Species richness for all species combine was quite low throughout most areas of the County. Once again
the protected areas in the Beaver Hills had the highest ratings. There were moderate scores for species
richness in the grasslands south of Kinsella. For mammals, species richness was highest in the protected
areas to the west, although scores rarely reached the highest values. Species richness for birds was
higher (>6070%) than values for both all speca®d mammals, likely reflecting the diversity of habitats

in the County its location along a major migratory flyway. As with intactness, species richness for native

plants was very low in most parts of the County, with some improvement in the far weshand



grasslands south of Kinsella. These results for intactness and species richness highlight the need for

careful management of habitats that can still sustain biodiversity.

Given the diversity of land cover in the County (agricultural, native grasskanelsts, waterbodies, and
developed areas), landscape connectivity among different habitats is increasingly important. We used
data from the ABMI, the Government of Canada (Geogratis), and the Alberta Government (AltaLis Ltd.)
to develop cost surface raats to model landscape connectivity for blecdpped chickadee®becile
atricapillug, coyotes Canis latrang and beaversGastor canadensgisThese species were chosen
because of their differing habitat requirements and associations with hun#dtiugh these are

predictive models only, they help in visualizing landscape connectivity in the County. Fecdpaek
chickadee, the Cooking Lake Moraine is likely a source and the hedgerows and shrublands provide
connectivity to other habitats in the Couynt~or coyotes, the County provides ideal habitats for moving
across the landscape. This finding is not unexpected given the ability of coyotes to adapt to human
dominated landscapes. Beavers find the greatest connectivity in the western extent of theyCoun
although small waterbodies associated with deciduous vegetation provide some connectivity in

agricultural areas.

One means to maintain wetland habitats in the County is through the use of pond levellers in areas
where humanbeaver conflicts result becae of flooding caused by beavers. As in previous years, we
assessed the efficacy of the pond levellers installed in the County since 2014. To date, 14 pond levellers
have been installed at problem sitegnainly in the part of the County within the Beavditls. All but

two pond levellers were working as expected this year. One pond leveller had been plugged with mud
and sticks by beavers and another was no longer working because the dam had been removed. A third

pond leveller was working, but we neededdimk the pipe again with concrete blocks. We also cleared



the plugged pond leveller. To date, we are happy with the overall functioning of the pond levellers in the

County.

We also updated the codtenefit analysis to include one additional pond levetlet was installed in

June 2016, and to include all monitoring and maintenance costs in 2016. For the fideoet model
(including wetland valuation and a social discount rate of 3%), there was a present value (PV) net benefit
60 aal @Ay 3a £58inn@&nadementrcdsts farkhe 14 poeleveller sites over three years (2014,

2015, and 2106). When wetland valuation was removed from the analysis, the PV net benefit for the
County was $64,632.34. The pond levellers have proven to beeffestive forthe County since their
installation over the past three years. We continue to monitor all costs associated with the pond

levellers so that the analysis can extend over more years.

Finally, we assess biodiversity for aquatic macroinvertebrates, wildliféiatsl using three different

sampling approaches. As in previous years, we collected, identified and quantified aquatic
macroinvertebrates in ponds prior to the installation of pond levellers and then in those same ponds

one year posinstallation. We used Dnet to collect all samples. To date, we have analyzed 246

samples of aquatic macroinvertebrates from 10 ponds (two ponds were never sampled, and 59 samples
remain from other ponds). All taxa are identified to their lowest taxonomic level, which cdiffioalt

given the various stages of development for some species. Since 2014, we have identified over 124,747
individuals from 81 taxa. Three tag@rachycentridae (caddisflies), Plecoptera (stoneflies), and
Ephemeroptera (mayflie)are pollution inblerant, which indicates that there are areas with high

water quality in the County.

For wildlife assessments, we set up wildlife cameras at wetland and upland sites in agricultural, native
grassland, aspen parkland and mixgdod boreal sites. Ofthe 589y A Y I f & & O LJi dzZNSR¢ o @&

cameras, mule deen(= 187) and whitdailed deer = 193) accounted for most of the observations.



Moose 6= 70) were most numerous at upland sites in the aspen parkland, although for any of these
counts the same indistual might be photographed during multiple visits to the sites. Unlike in 2015, the
cameras were taken down earlier in the summer; therefore, the number of observations was reduced.
We also had cattle interfere with one camera at a native grasslandndiieh compromised our data

somewhat.

This year we also included avian monitoring as part of our biodiversity assessment in Beaver County. To
collect bird species richness and abundance, we used song meters (autonomous recordingRbis}

at the same ses for the wildlife cameras. From May 28 to July 6, 2016 we recorded 80 bird species from
11 orders and 30 families. We have provided a full species list in the appendices. A preliminary analysis
of the data determined that species richness did not diffetween the upland and wetland sites.

however, we have not yet differentiated between native and mative species. When all sites were
combined, boreal habitats had the highest species richness (52 species) of all habitat types, but
agricultural habitas had an unexpectedly high species richness (51 species). These data are also being
used for a MSc project at Royal Roads University (Dr. Hvenegaard is the primary supervisor). Given the

size of the data sets, analyses are ongoing.

Our research in Beaveo(nty was presented at one international conference, one Beaver County

council meeting, and was discussed in four newspaper/magazine articles. Through this coverage, along
with conference presentations, public talks and media coverage from other yea@,Béd / 2 dzy (i @ Q&
leadership in research and resource management has beeregglived. We continue to promote this
research in both academic and public forusta from this project are also being shared with Innotech

Alberta so that they can be used to teadar technology for vegetation mapping in Beaver Hills.
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1. INTRODUCTION

This research was conducted in collaboration with the municipality of B&zwenty, Alberta. The

overall purpose of this project was to examine the role of natural habitats in carbon sequestration
potential, landscape connectivity, and biodiversity within Beaver County. Additionally, this project
continued to assess the economiedaecological efficacy of previously installed pond levellers to reduce
humantbeaver conflicts and wetland loss at various locations in the County. The geographic extent of

the research presented in this report ranges from natural grasslands at Kinsedla Rahe eastern

part of the County, tothedrymixed 2 2 R 02 NBFf F2NBada 2y GKS /2dzyieQ
County provides an ideal location for this research because of its diverse ecology and land uses. Given its
proximity to the Cooking Lakedviine (CLM, also known as the Beaver Hills), the western

administrative divisions of the County are dominated by mature dry mixedd boreal forests and

numerous wetlands (Hood et al. 2007), which then extend into parkland and agricultural areas as one
moves eastward. Within the County, there are also natural grasslands that were either not converted to
agricultural lands, or have naturally-established. This geographical context highlights the influence of

human activities on natural processes at adscape scale.

Increasingly, municipal governments as well as individuals andjoeernmental organizations share

the management of natural resources and environmental management with provincial and federal
governments (Dietz et al. 2003, Armitage 2008ars 2016). Although some issues can be resolved
through best management practices by following provincial or federal guidelines (Hood 2016), additional
expectations involving carbon sequestration, landscape connectivity and biodiversity require increased
expertise and specialized resources. Indeed, all of these areas of resource management and ecology are
intricately connected. Without natural landscapes, carbon sequestration can decrease depending on
spatial patterns of land conversion (Chagfiramer etal. 2015). The variety of forests and natural

grasslands that store carbon also provide habitats, ideally connected through effective natural corridors
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(Jantz et al. 2014). Intact habitats increase local and regional biodiversity (Myers et al. 2000t Blmm e

2014) which, if buffered from human development, could aid in reducing negative hwrihdlife

AYGSNI OGAz2ya 6. SNHaAaGNRY SG Ffd wnanmnod t'a NBO23YAI
landscapes such as the Beaver Hills can successfully imemsthinable development with ecological

goals with proper management and broader collaborative efforts. As part of the newly established

Beaver Hills Biosphere, this research aims to assist Beaver County with environmental management and

collaboration.

1.1. CARBONSTORAGE POTENTIAL

Forests, grasslands and wetlands are the foundation for ecological sustainability in rural landscapes. Not
only do they provide important ecological services (e.g., carbon and water storage, biodiversity,
pollinator habitat, recredbnal opportunities), they also contribute to new resource valuation models
being developed at provincial, national and international levels (Anderson et al. 2014). For example,
wetland compensation programs have been recently revisited in Alberta (Welaér2017), and

transfer of development credit approaches are of increasing interest in the development permitting
process (Kwasnhiak 2004, Weber and Arnot 2007). Additionally, provincial governments are proposing
carbon offset protocols to meet governmegteenhouse gas emission targets, which are supported
through the use of afforestation (planting trees in areas lacking forests) and reforestation
(reestablishment of forests in previously forested areas) approaches (Anderson et al. 2014). An
important corsideration is the documentation of pmanagement conditions, which then allows for a

more comprehensive assessment of paad post carbon storage conditions of forests (Asante and
Armstrong 2106) and shelterbelts within adjacent croplands (Beaieamfar et al. 2015). As with

forested areas, wetlands and grasslands also play a critical role in carbon sequestration and biodiversity

conservation (Mitsch et al. 2014), both of which are of interest when addressing sustainability goals.
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Various methods exisb establish ecological baseline data in terms of biodiversity and carbon storage in
forested and wetland ecosystems (Baral et al. 2013, Zheng et al. 2013, Mitsch et al. 2014). In Alberta,
useful coarse resolution geospatial databases exist through thertal Biodiversity Monitoring Institute
(ABMI), while more detailed lartbver data can be derived through remote sensing and aerial

photograph data (e.g., Landsat 7, LIDAR, orthophotographs). These data, combined with complementary
field monitoring, can pvide powerful insights into the ecological qualities of diverse landscapes (Willis

2015).

The CENTURY Model, developed by Colorado State University is one method to moesaliptacting
of nutrients in agricultural, grassland, forest and savannalkddivoodland with grassland) systems

(https://www.nrel.colostate.edu/projects/ CENTURYA combination of landover and field data allow

these models to simulate the carbon and nutrieyndmics across a landscape, which then provide an
estimate of the soil carbon dynamics for an area (Oelbermann et al. 2017). Through the use of climate
data (monthly air temperatures and precipitation), soil texture and geochemical data, vegetation
analyss (i.e. nitrogen, phosphorous, sulphur, and lignin content), and atmospheric and soil nitrogen
inputs, the CENTURY model can produce a series of submodels for forest and crop/grassland systems.
Ultimately, these models help quantify the carbon storage ptite for different ecosystem types, with

an emphasis on soil organic carbon. Some of the data sets used in these models also help quantify

habitat diversity and connectivity.

1.2. LANDSCAPE CONNECTYVIT

The combination of habitat loss though human disturbaand habitat fragmentation is a key factor in
the decline of species in many areas (Andrén 1994, Fahrig 1997, Fahrig 2003). In regions with
agricultural (crop and pasture) and remnant natural habitats, the effects of habitat fragmentation on

wildlife movemaents and populations are less clear (Raudsklgarne et al. 2010). Mixealgricultural
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areas interspersed with natural ecosystems can provide supplemental cover and food resources as

animals move across the landscape. In addition, intact wetland habitats aé 2 & SNIS | &4 G ad S|
a2y Saé¢ o0& LINPOARAY3I AYLRNIIYd KFEoAdGrFGa GKFG | NB
Hood 2011). On a landscape scale, the combination of forest patches, protected areascaiaall

agriculture, rural residentialraas and natural fragments on private land can be extremely valuable,
particularly when some form of connectivity remains among natural habitat patches (Fahrig 1997). In

some situations, some level of habitat fragmentation and loss does not always resathplete loss of
biodiversity. In some areas, mixéarested and agricultural landscapes can support viable and stable

wildlife populations in woodland patches within agricultural matrices (Middleton et al. 1983, Henderson

et al. 1985, Bennett and Mermia 1994), provided that connectivity is sufficiently intact among habitat

patches at spatial scales appropriate for species persistence (Taylor et al. 1993). However, assessing how

these novel ecosystems maintain biodiversity is often hindered by our utasheling of their landscape

function (Hobbs et al. 2009).

With advances in geographic information systems (GIS) technology and supportive programs (e.g.,
Circuitscape), modelling largeeale landscape connectivity is increasingly common where appropriate
data are available. The underlying data sets used in traditional-Eestpath analyses can be
complemented with analyses based in circuit theory to model landscape connectivity for various species
(McRae and Beier 2007, McRae et al. 2008). Organizatiocis,as The Nature Conservancy have

applied these models at the continental scale (McRae et al. 2016).

1.3. MITIGATION OHUMANBEAVER CONFLECT

One of the challenges in maintaining or enhancing ecological sustainability in developed landscapes is
the complexiiteractions between people and the surrounding natural environment (Bruggers et al.

2002, Fall and Jackson 2002, Baruirdo et al. 2013, Baral et al. 2013). For example, bebuearan
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conflicts often result in the loss of valuable wetlands and their assext biodiversity during

management interventions to reduce wildlife damage of human infrastructure (e.g., roads, buildings,

GNI Afaod LYRSSRI NHzNIf fFyRaoOl LISa LINBaSyd dzyAldzS
SY@ANRBYYSyYy( aeéaid vafartunatelyl thelrdmovalidf wetaindis associated with

beavers can negatively impact provision of biodiversity conservation and carbon storage (Brown et al.

1994, Wright et al. 2002, Mitsch et al. 2014). These wetlands also tend to be more resitientigint

(Westbrook et al. 2006;lood and Bayley 2008).

Pondlevelling devices can be used to allow the wetland to remain, while still reducing flooding by
beavers (Taylor and Singleton 2014). These alternative management methods are receiving considerable
attention and have shown positive results in folloy studies, when conducted (Nolte et al. 2000,

Jensen et al. 2001, Lisle 2003). Between 2014 and 2016, my research team and | installed 14 pond
levellers in Beaver County. | have also installed more ghdozen in the Cooking Lake / Blackfoot

Provincial Recreation Area and the city of Camrose since 2011. These devices have provided financial
savings to the park over the past five years in terms of maintenance of park facilities (e.qg., trails,
culverts).To date, almost all are working well, with others requiring some minorsgigzific

modifications to ensure optimal function. These devices are just one example of sbizsee

management approaches used to address emerging issues in hwiltdife interactions and associated

wetland loss.

1.4. BIODIVERSITMEASURES

Biodiversity is often quantified by species richness (the number of species in an area), evenness (the
relative proportion of each species present on a site), or with some form of diversity mdasgue

{KIyy2y LYRSEZ {AYLA2yQa LYRSEO® !'ftaGAYIGStesz | Oz

assessment of the health of an ecosystem at various scales (e.g., local, regional or landscape) and can
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help with comparison of habitat conservationeasures (Morris et al. 2014). As a general rule, habitats
with higher biodiversity tend to be more resilient to environmental disturbance, likely because the

habitats themselves are sufficiently intact to support a functional complement of taxa.

Commontaxa used to measure biodiversity include plants, birds, mammals, and invertelgrates
sometimes as individual groupings or within a combined assessment. Each taxonomic group has its
advantages and disadvantage and can be specific to the ecological quasitigrproposed. Avian and
mammal biodiversity are often measured to identify habitats supporting high levels of biodiversity
(Ceballos and Ehrlich 2006), or to compare the effects of landuse on species distributions and habitat
use (McKinney 2002). Incrgiagly, song meters (autonomous recording ugissRUs) and wildlife

cameras have expanded our temporal and spatial data sets relative to the presence of birds and
mammals in specific habitats (Steenweg et al. 2016, Shonfield and Bayne 2017). Althoughabme
data intensive because of the large data sets produced HyrZrveillance over long time periods, the

results provide a more thorough assessment of species occurrence and density within various habitats.

In the case of aquatic ecosystems, aquatacroinvertebrates are often assessed as an indicator for
water quality and habitat complexity (Hood and Larson 2014). These data sets can be species rich for
different reasons than those derived from ARUs or wildlife cameras. Because certain aquatits habita
such as marshes and open water ponds, are often nutrient rich and have extensive plant communities,
they also tend to support high numbers of invertebrate species. As with other extensive data sets,

thorough analyses can be tirmnsuming, yet rewardm

1.5. GOALSAND OBJECTIVES

The objectives of this project are to: 1) create lavwber data sets to develop models that assess the
carbon storage potential of specific areas within the County, 2) build on Objective 1 to develop and field

test a Gl$hased mangement tool to identify areas where there is potential for high levels of
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biodiversity and landscape connectivity, 3) assess and test the economic and ecological effectiveness of
existing pondevelling devices; and, 4) continue to measure biodiversityriceeat longterm research

sites and then relate these measures back to adaptive management approaches.

1.6. REPORT ORGANIZATION

This report presents the results of a ydang study (May 2016April 2017) of ecological sustainability

in Beaver County as theglate to carbon storage potential, landscape connectivity, mitigation of
humanbeaver conflicts, and biodiversity monitoring. In Section 2, the report first describes the
methodology for quantifying carbon storage potential in the Cou8tyecifically, webtained field

based measures of soil carbon and plant biomass and these data were used to calibrate the CENTURY
carbon model, which then provided spatiadiyplicit estimates of soil organic carbon for each

habitat/land use type (cultivated, grasslandsiests) that were displayed using GE&ction 2 also

outlines mapping and modelling of landscape connectivity within the County using existing landscape
models and additional ones developed in ArcMap 10.5. In Section 2, we continue to describe activities
related to additional pondeveller installations to mitigate flooding by beavers. Finally, this section of

the report outlines methods used to assess ongoing biodiversity measures through the collection of
aquatic macroinvertebrates, use of wildlife caragrand song meters (ARUS) to assess biodiversity at
various scales. Section 3 provides the associated research results, which include both quantitative and
GIS outcomes. Section 4 provides a discussion of the results as they relate to the study goals and
objectives. Section 5 presents the overall conclusions and recommendations, while Section 6 lists the

literature cited in the report. The Appendices provide supporting materials and additional results.
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2. METHODS

2.1. STUDY AREA
Within eastcentral Alberta, theCooking Lake Moraine (CLM) is dominated by aspen forests and
extensive wetland habitats (Hood et al. 2007). Several protected areas lie within the moraine and offer a
variety of recreational opportunities adjacent to rural residential subdivisions. Imnedgiadjacent the
moraine lie agricultural landscapes used for grazing and annual crops, with natural habitats limited to
wetlands and small patches of forest and native grasslands. Beaver County (3,317.57 km?) includes the
eastern extent of the CLM, whiglupports pockets of rural residential development. The rest of the

County is dominated by a more extensive rural agricultural landscape (Figure 1).

Wetlands are numerous throughout the County; however, as noted in previous years, beaver are also
abundantin the area. As noted in previous research in the County (Hood 2016), there has been a long
history of conflict with humans, especially in rurasidential developments in the moraine. In the past
three years, we installed pond levelers at 14 sites withenCounty to mitigate wetland loss and reduce
humantbeaver conflicts in a sustainable manner. These wetlands and associated upland forests, in both
morainal and agricultural landscapes offer tremendous potential for the quantification of their role in
cabon sequestration and biodiversity conservation, which can then be applied to future valuation

models proposed by both provincial and federal governments.
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Figurel. Beaver County in eastentral Alberta The inset magshows the major towns and the
divisional boundarieswithin the County.

2.2. CARBON STORAGE PATEN
We used existing provincial mapping data, complemented by additional GIS, remote sensing and field
data, to produce a countwide Geographic Information Systems (GIS) map of land cover classes. D
Majid Iravani at Alberta Biodiversity Monitoring Institute/University of Alberta, who is an expert applied
ecologist and CENTURY model specialist collaborated on the project and applied the CENTURY Model
(Oelbermann et al. 2017) to assess soil orgaaiban (SOC) storage potential within Beaver County.
The CENTURY model was originally developed based on experiments in Great Plains grasslands, of which

't 0SNIIFQa 3INIaathkryR&E A& | y2NIKSNY SEGSyadageyod Li
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(SOC) and abowground biomass production (AGB) across different terrestrial biomes and ecoregions,
including Canadian Prairies. To simulate SOC, the CENTURY model (v 4.6) was coupled with i_CENTURY
(v 1.0; CARD, 2014), which is a model control sysdisigned to allow simultaneous runs of CENTURY

for multiple sites by storing CENTURY input data in an Access database.

The land cover and soil data were used to delineate spatial modeling units for simulation of soil organic
carbon storage and abowgroundbiomass production in the County. The detailed land use map of the
county was extracted from the ABMI Wailb-Wall Land Cover map (ABMI, 2010) and then was
reclassified into three major land cover types of cropland, grassland and forestland (AspendPankian
Boreal Forest were combined because of their small coverage within the county compared to cultivated
and grasslands). The soil map of the county was extracted from the Agricultural Region of Alberta Soil
Inventory Database (AGRASID; Alberta Soitrirdtion Centre, 2001). This soil map was first intersected
with the reclassified land cover layer to delineate all possiblelaad cover units for the County. The

small sodland cover units (e.g., along the linear features such as roads) were thetvdsinto

adjacent units with the same soil and land cover attributes. The remainintaadicover units were
considered as spatial modeling units for simulation of SOC (three major land cover types) and AGB (only

grassland vegetation) in the Beaver @ou

Climate data were extracted from ClimateNa_5.21 (Wang et al., 2016), which isfaesély interface

that locally downscales historical and future monthly climate data layers into-fegeoint estimates

of climate values for the entire Northnderican continent. For each spatial unit, tiraeries (190422010)

of monthly precipitation and minimum and maximum mean temperature were extracted using
geographic location information (center point of the unit) and median elevation data (all pixel values
within the unit) extracted from the Digital Elevation Model (DEM) of the County. Actual monthly climate

data were used for years 192010, while longerm averages for this period were used for previous
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years (equilibrium or warm up period). In additidor each spatial unit, mineral soil layers (depth and
drainage class) and associated soil properties data (texture, bulk density, rock content, pH) were
extracted from the AGRASID. Finally, the model was separately run for the three major land cover types
in the County by considering an equilibrium or warm up period (4900 years) followed with time periods
demonstrating more recent land management history in the County. Specific methods and parameters

used in the model can be found &ittps://www.nrel.colostate.edu/projects/ CENTURY/

To provide soil and getation inputs into the CENTURY Model, we collected 48 soil and 48 vegetation
samples at 12 sites in three different habitat types witthia County (Figure 2, agriculturak 12

samples, grassland= 18 samples, and forest= 18 samples)These sites roughly corresponded to our
ARU and wildlife camera locations used in biodiversity assessmentaitlined below, we also

measured additinal vegetation data at each sampling pileat will be used for analyses in future years

as we explore additional aboyground carbon sequestration models
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Figure2. Location of soil and vegetation ploi{® = 48)for bulk density sampling measures and
vegetation biomass for assessment of carbon storage potential in Beaver County, July 2016.

In the field, we marked each sample plot (Figure 3) using a Garmin 60CX handheld GFSmnit (

accuracy). We then recorded weather at the time of sampling, sitelrer, date, and the person

collecting the sample.
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Figure3. Visual representation of the layout of the four sampling points for each site. Not drawn to
scale. Soil core pointare aminimum of 15 meters from edge of the vegetation boundary.

Soil and vegtation sampling

Soil sampling

Using an AMS Inc. doubtglinder drophammer linear soil core sampler (bulk density sampler), we
collected soil samples to a depth of 20 cm. We also measured the depth of the LFH layer for each sample
in the forest sites. Ge lengths were confirmed to obtain exact lengths of each core for volume

calculations (cr¥). All soil samples were placed in plastic sampling bags for storage.

To prepare the soil samples for further analysis, we dried them d@iCL06a drying oven f&4 hours at
the Augustana Campus of the University of Alberta. We then derived dry weight (g) from which we

calculated bulk density (g/cihby dividing dry weight by volum&/e then sieved (4 mm diameter) 10 g
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of each soil core to be used for measuring BHil pH was measured using a-$oisolution ratio of 1:2

using CaGkolution (Kalra and Maynard 1991).i G KS | yAOGSNERAGE 2F ! Tt 0oSNII Qa
Analytical Lab, samples were ground using a ball grinder and they calculated total organic c@®pn (T

using the dry combustion method and conducted a particle size analysis (PSA) using the hydrometer
YSGK2R (2 RSGOSNXAYS LISNDPSy (> YOt ey R fLASNOOSY (LISANIY/SRY (6 F

sample.

Vegetation sampling

At each plot, we focused ahe rooted vegetation materials within a 10 cm x 100 cm quadrat placed

adjacent to the location where the soil core sample was obtained. Using scissors, our team clipped the
OdzNNBy i &SI NRna @S3SihlidAaz2y 6AGKAY ¢ foQrinspaitt@the | y R L
frod® !ye LINBOA2dza @SIFNRa ftAGGSNI g1a NBY2@GSR (2 Sy
aboveground net primary productivity. In the lab we then dried all samples &E70 a drying oven for

24 hours. We then weighdtie samples with an analytical balance to obtain-asgight biomass (g) for

input into the CENTURY Model.

We also measured all tall shrubs and saplings (>1.3 m high and <5 cm dbh) imfeadidis circular

plots centered at each of the sampling pointgy(fFe 3). To estimate basal area of live stems only, we

used digital calipers (to the nearest 0.1 mm). We also recorded shrub heights to the nearest 0.25 m. To
sample overstory vegetation, we used founfixed radius (0.02 ha) circular plots centereagath of

the clipping and bulk density sample plots. DBH (diameter at breast height) was recorded at a stem
height of 1.3 m. Decay class and tree heights (using a vertex hypsometer) were also recorded. Finally we
sampled downed wood material (DWM) using the-intersect method (van Wagner 1968, van

Wagner 1982)Diameter of each DWM piece at the point of intersection was measured with calipers

and assigned to a diameter class)(® cm, 0.51.0 cm, 13 cm, 35 cm, 57 cm, and >7 cm). These data
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will be udfor analyses in future years as we explore additional algreeind carbon sequestration

models

2.3. LANDSCAPE CONNEQMVI

GISmapping

Data used in GIS models were primarily obtained from various-eparce suppliers: the Government

2T /I yI RI Qodtal (N&iénal Ndpdgraghic Sérvice Maps), the Alberta Biodiversity Monitoring
Institute (ABMI, Land Cover data, and biodiversity rasters), Government of Alberta (AltaLis Ltd., digital
elevation¢ DEMc files, cadastral data), Beaver County (2015 highlutiem orthophotos), and ESRI

(ArcGIS data sets for municipalities). We used ArcGIS versions 10.3 and 10.5 for all maps and models.

GIS nodelling

GIS models are in four categories: 1) a general land cover map that allows for quantification of
percentage ofand cover by category, 2) ABMI models for Intactness and Species Richness for all species
(animals, plants, anlicheng, and those specific to taxonomic group (e.g., birds, vascular plants,
mammals); 3) cost surface rasters (combining land cover anDihd) that provides a raster for

coyotes, a raster for blastapped chickadees and a raster for beavers. The cost surface rasters

represent the first steps in the landscape connectivity models that in the future can then be applied to
other applications sth as Circuitscape. They should be viewed as camae models because of the

resolution and accuracy of the input data sets (primarily land cover data from ABMI).

General land cover map

To build the general land cover map, we used the Alberta Backfilldbto-Wall Vegetation Layer
(Version 5) from the ABMI (created June 22, 2015, Alberta Biodiversity Monitoring Institute 2015).
Metadata are available at www.abmi.ca/home/publications. To create distinct land cover layers for

Beaver County in the GIS, wigped the land cover polygon with the Beaver County boundary polygon
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with the shapefile we created from the ESRI municipality data for Canada. We then used the select by
attribute tool to create distinct polygons for each land cover category (e.gslgrak agriculture, water,
etc.) in case we needed distinct files for future modelling. In addition, with the newly clipped polygon,
we then recalculated the areas for each land cover class (area’: Mite then were able to use these

areas to derive peent cover of each land cover class within the County.

We also created new shapefiles for Beaver County from the NTS data. In particular, we obtained data

from individual NTS mapsheets for: railways, roads, linear water features, and water basins. We then

loaded the files for each feature class (e.g., roads), merged the files, and then clipped the new shapefile

to the boundary of Beaver County. Once completed for all land cover types, we added a field called
GFNBFE F2N LRfe3dzy T Sithé dadiBaie geomatryifdblibndd caldulgté aread. y R dza
C2NJ f AYSIFNI FSIGdzNBax S FRRSR  yS¢g FASER OIFffSR
determine the area and length of the features within Beaver County. These data were added to the
generalland cover map to provide greater detail for wetlands and roads in particular. They were not

used in the connectivity modelling because of the difference in area for water coverage in the ABMI and

NTS data.
Intactness and species richness models

ABMI had rated several species models for Alberta and has made prowitmoutputs available for

free online (Alberta Biodiversity Monitoring Institute 2014). ABMI is a prowiride program that

monitors hundreds of species (e.g., plants, invertebrates, mamrits) at 1656 sites placed
systematically across the province. These data are then used to produce models of human impacts on
species and their habitats. They also aid in questions relating to climate and geography. Of the various
models available onl@y ABMI had developed two that are of special interest for our research in Beaver

County.
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Biodiversity Monitoring Institute 2014, pg. 5). Intactness within Beaver County helps us assess how

human activities within the County have likely changed the natural distribution and abundance of native
species. For our studwe developed GIS maps from ABMI raster data for: 1) all species, 2) mammals, 3)

birds, and 4) native vegetation. Although the raster covers the entire province, we used the Beaver

County boundary to define the extent of the map, and therefore only shaatiea of interest.

Protected areas are not used because of the lack of complete sets of representative ecosystems (Alberta

Biodiversity Monitoring Institute 2014).

The second model of interest for our research was for average species richness. As withctihess

model, we developed GIS maps from ABMI raster data for: 1) all species, 2) mammals, 3) birds, and 4)
native vegetation. This model combined predictions from the individual species habitat associations. The
map represents the average probabilifoccurrence of each species projected for each Aduia cell

in the province (the province is divided into Tkgrids for sampling. Species richness (0 being lowest

and 1 being highest) provided an average standardized richness index for each gkl

information can be found atttp://species.abmi.ca/pages/multispecies/richness.hirAk before, we

then used the Beaver County boundary to show only the area within the €ount

Cost surface rasters

To create the cost surface rasters we combined a land cover raster (created from the land cover data
from ABMI) and a DEM for Beaver County (coyote and beaver models only). To create the DEM we
merged 27 Digital elevation model (DEfMes from AltaLis Ltd., which were derived from three
dimensional spatial ground elevation values collected by LIDAR15 DEM and processedhirosts

spacing. The 27 point files obtained from AltaList Ltd. are listed in Appendix A. We merged ttiggsoint
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into one shapefile and themterpolatedit into an elevatiorraster, from which a DEM was created in
3D-Analyst in ArcGIS 10\8/e then created a slope raster which was then combined with the land cover
raster to create a cost raster. No slope wagquired for blackcapped chickadee; therefore, we assessed
connectivity by reclassifying the raster using the valuégainlel. For coyotes and beavers we also used
the values irTablel for weighted overlays to create specisgecific cost surface rasteto assess
landscape connectivity. These species were selected because of their habitat preferences and

association with humans.

Tablel. Values sed to weight cost surface rasters for coyotes, blazdpped chickadee and beavers
for landscape connectivit analysis in Beaver County, Albertaand cover codes are from the ABMI
Land cover shapefile. Specigpecificweightswere provided courtesy of Solstice Canada, Corp.,
Edmonton, Alberta.

Land cover Land cover Coyote Blackcapped Beaver
code weighting chickadee weighting
weighting
Water 20 7 10 0
Exposed land 33 6 8 10
Developed 34 9 5 7
Shrubland 50 0 0 6
Grassland 110 0 10 10
Agriculture 120 5 10 9
Coniferous forest 210 0 0 4
Broadleaf forest 220 0 0 0
Mixed forest 230 0 0 0
Very strong to vergteep 10 N/A 10
slope (>30% or 16.5°)
Strong slope (14:30%, or 5 N/A 8
8.4916.5°)
Moderate slope (8L5%, or 2 N/A 2
3-8.5°)
Level (64.9%, or €.9°) 0 N/A 0
2.4,
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2.5. MITIGATION OF HUMABEAVER CONFLICTS
We continued to assess the function of the reunt pond levelers within the study area, and to monitor
maintenance costs (and operational benefits) of these management alternatives. These devices were
monitored to determine their efficacy relative to sipecific challenges. All costs associated wiit

monitoring were recorded for additional cebenefit analyses.

Pond levellers

There was only one new site established in 2016 in the NW corner of the County (Install 14, WPT 7),
which bring the total number of installations since 2014 to 14 pondllense We designed this pond
leveller after the others installed at culverts and beaver dams within the County. These designs were
adapted from methods described by Skip Lisle (Lisle 2003) and Michael Callahan

(http://www.beaversolutions.com). This installation was on private land and was done as a result of a

request to the County by the landowner. Specific details about the construction of a pond leveller are
found inMitigating humanwildlife conflictghrough adaptive managemeirfHood 2016, Appendix A)

and are not included in this report.

Costbenefit analysis

2S O2yiAYydzSR G2 62N)] 6AGK (GKS /2dzyieée G2 2001 AY
problems at sites where we had installed pond léarsl Costs included: wages, costs of machinery, and
materials. As in previous years, we documented all of our expenses associated with the monitoring,
maintenance and installation of all pond levellers (e.g., travel costs, wages, materials, etc.). Yéd ente

all data into an Excel spreadsheet for tracking and analysis. Dr. Varghese Manaloor (UofA Augustana)
assisted with setting up the cebenefit analysis and has provided his expertise as required. A thorough
description of methods and model assumptiarsed in the cosbenefit analysis is outlined in

Mitigating humanwildlife conflicts through adaptive managemeitood 2016), and are briefly outlined

below.
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Model assumptions

The costbenefit analysis applies the following assumptions: 1) the socialuhiscate (SDR) used to
calculate the present value (PV) for public facilities in the province of Alberta is 3%, 2) data provided by
Beaver County for management costs at a problem site if a pond leveller had not been installed (based
on previous known costfor the site) represent average costs to manage/repair all problem sites once
per year, 3) monitoring costs for pond leveller sites are the same across all sites, regardless of location
or site-specific considerations (Field and Olewiler 2011). We ke¢gildtosts for monitoring for all 14

sites and then average the actual costs across sites. All estimates for wetland valuation are from the
Alberta Wetland Mitigation DirectiveGovernment of Alberta 2015) and are assumed to be accurate

representations foall wetlands associated with the pond levellers.

Omissions

Our analysis is based on somewhat incomplete maintenance and repair costs from the County. The lack
of accounting records for sites prior to the installation of pond levellers was mitigatedebsgang the

costs for the four sites for which we have data and extrapolating those costs across all 14 sites. We
realize that this approach is not ideal, but it is the best solution for the current situation. The four sites
were not culvert sites, which euld often require extra equipment (e.g., backhoes, culvert repairs) to
mitigate any flooding or damage by beavers. We did not include any costs incurred by landowners to
mitigate flooding by beavers at any of the sites. Those costs were not availabésd\eave not

accounted for any trapping in Beaver County by Animal Damage Control. Those costs are beyond the

scope of our research.

Model inputs

The model used for our full cebenefit analysis quantifies the actual expenses (i.e., current value: CV),
asocial discount rate of 3% (provincial valuation of affected facilities), and the replacement value for

wetland loss (by hectare). We converted the final values to a present value (PV) using the formula
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PV=CV/(1+SDF}. Pond areas were derived from cent (2015) high resolution orthophotos using a

GIS to digitize pond boundaries and calculate their geometry.

Costdncluded all expenses incurred when installing each pond leveller (e.g., supplies and equipment,
material and site preparation, labour, trgmsrtation). Monitoring and maintenance costs included

supplies, equipment, labour and transportatidenefitsincluded mitigated County expenses, which

were derived from 2014 yearly expenses extrapolated to the 2015 and 2016 sites. These costs included
labour and equipment costs received from the County (no machinery costs were provided by the
County, although we know that backhoes have been used at several of the sites). A second benefit was
wetland valuation for each site. The total wetland valuationt wess determined by multiplying wetland

area (ha) by the Htieu-fee per hectare from the 201Alberta Wetland Mitigation Directive

(Government of Alberta 2015). This directive assigns differelirfees for different categories of

wetlands using a Rative Wetland Value Assessment Unit (RWVAU). All wetlands associated with our

pond levellers were RWVAU 2 except for Install 9 (WPT 102) near Holden, which was RWVAU 17.

Data Analysis

Over the past three years, we have maintained an Excel spreadsheet waengut all financial data
related to pond leveller installations, maintenance and repair. We are then able to compare the
monetary capital costs to build and maintain pond levellers (operating costs) to the benefits (monetary
and nonmonetary) of ponddveller installations at impacted facilities/properties. The PV of pond
leveller expenses, PV monitoring costs, PV cumulative benefits, and PV of net benefits are the main
variables for the analysis. We run two versions of the-bestefit model: 1) the fli model that includes

all PV costs and benefits, SDR of 3% and wetland valuation, and 2) a second model that excludes the

wetland valuation expenses to provide a closer comparison of actual costs incurred by the County (it
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does not pay wetland compensatidor wetlands drained for beaver management) and the actual costs

of the pond levellers. For the second model, we still include the SDR.

2.6. BIODIVERSITY MEASURES

To obtain data for the assessment of biodiversity within Beaver County, we continued ourion|keod
guantification of aquatic macroinvertebrates that began in 2014 at all pond leveller installation sites. We
also continued our use of wildlife cameras to document wildlife use at grassland, agricultural, aspen
parkland and boreal sites within the@nty. Finally, we used song meters (ARUs) to assess avian
biodiversity at grassland, agricultural, aspen parkland and boreal sites within the County. Specific

methods are outlined below.

Aquatic invertebrates

Immediately prior to the installation of porldvellers at 10 of the 14 sites, we collected 10 to 20 jars of
aquatic invertebrate samples at up to four different habitat types in the pond (open water, vegetated
edge, beaver channel and beaver lodge). Installs 5 and 6 (WP#&rD00) were combinednto one
sampling effort because of the close proximity of the beaver dams on the same stretch of creek. The
first two installations (Installs 1 and2lune 2014) were not sampled for aquatic invertebrates because
this aspect of the project was not estadtied until July 2014. Not all ponds had a beaver lodge, beaver
channels or either habitat type. In those cases only open water and vegetated edge habitats were

sampled.

For each sample, we used anaquatig B34 o0 n®nT YHO & A (sdasulloodandiLarsoy Y S & K
2014). To ensure that we were sampling the same volume of water, we performead swkeep through

the water column and let the net gently touch the surfadete pond bottom and the aquatic

vegetation for samples along the vegetated edge. For open water samples, we performed the-same 1

sweep but kept the net well within the water column and avoided any contact with the benthos. In all
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cases, we pulled theet up through the water column up to the water surface. Once on shore, we
cleaned the samples of vegetation and debris and then stored them in 70% isopropy! alcohol for future
analysis at the lab where they were identified to the lowest taxonomic clestsificand quantified.
Approximately 90 samples from 2014 and 2015 were sent to Ms. Charity Briere (Red Deer College) for

identification and quantification because of the timmensuming nature of invertebrate analysis.

As in previous years, we replicatedrgaling at all the sites exactly one year following their installation
date to allow for a before and after comparison of biodiversity measures (Shannondihigurran
1988, evenness, density, species richness). Once all samples are identified, we thil fiadlowing two

statistical approaches.

To assess whether sipecific factors (e.g., pH, total dissolved solids, electrical conductivity, before and
after installation) are associated with specific taxa, we will conduct anmeinic multidimensional

scaling (NMDS) ordination. We will then use an ANOVA design to assess any significant associations. A
similar analysis will be applied to the biodiversity measures. None of these analyses can be conducted

until all samples are processed.

Wildlife cameras

Fom 31 May 2016 to 6 June 2016, we installed seven Reconyx wildlife cameras (PC900 Hyperfire
Professional Covert (IR)) and one Leupold wildlife camera at one wetland and one upland site in each of
four habitat types within Beaver County (grassland, adticg aspen parkland and boreal). Each

location was then mapped using a Garmin 60 CS handheld GPS4initgccuracy) and then

transferred into a GIS. Specific sampling locations were selected using convenience sampling because
landowner access was theimary challenge during this study. Each camera was placed adjacent to a
song meter. Camera heights were approximately 1 metre off the ground (on a tree or post) in areas that

had some evidence of wildlife use (e.g., trails). Once the camera was trigieved|d take three
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photos with five seconds between each photo. All cameras were left alone for two weeks to minimize

human disturbance in the area.

In the field, photos were downloaded onto a laptop and stored in folders that indicated camera location,
habitat type and the date of download. We then cleared the camera card and reinstalled it in the
camera to maintain continuity of photographs. Once at the lab, we reviewed all images and identified
wildlife to species, gender (male, female, unknown), agel elass (adult, yearling, or youafyyear. In

an Excel spreadsheet, we also recorded the location, time, date, weather, image number and
temperature for each photo. Pivot tables were then used to quantify species by age class, gender,

location and habitatype.

Song meter§ARUsaNd avian communities

To measure bird diversity at the same study sites as our cameras, we used autonomous recording units
(ARUs) which can autonomously record sounds in the field by turning on and off according e pre
schalule (Shonfield and Bayne 2017). The ARUs are wegtkistant, durable, and can work

unattended. ARUs are becoming increasingly used by bird researchers, compared to human point counts
(Shonfield and Bayne 2017). Advantages for ARUs include the abjigyrhanently record sounds, cost
efficiency, programming options, independence in the field, the ability for researchers to review sounds,
and lack of disturbance by a human observer. Disadvantages include high storage requirements, initial

start-up costs and the costs of analyzing data (Shonfield and Bayne 2017).

We left the ARUs in the field from late May to early July, the peak of local spring breeding activity, when
most birds are vocalizin@able2 summarizes the sampling dates. During this timaqzk we

positioned the ARUSs in three locations within each of the four habitat types (each with a wetland or
upland option Table2). We placed the ARUs on posts or trees about 1 m above the ground. For the

grassland habitat type, we could not retrieveetdata from the ARUSs for sites 2 and 3 because of heavy
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damage from cattle that had been released onto the site earlier than expected. We programmed the
ARUSs to record for 10 minutes at the start of each hour during a 24 hour day. The two microphones on
each ARU recorded sounds from either side of the unit. After retrieving the ARUs from the field, the files

were downloaded, checked, and renamed for later analysis.

Table2. Sampling dates for ARUs by habitat tyfgrassland, boreal, agricultural and parkldhand
sitesin Beaver County, ABrom May to June 2016.

Site Grassland Boreal Agriculture Parkland

Wetland 1 and Upland 1 May 28June 6 May 28June 6  May 31June 9 May 31June 9
Wetland 2 and Upland 2 n/a June 1619 June 1423 June 1423

Wetland 3 andJpland 3 n/a June 25July 4 June 28]uly 6 June 28uly 6

Because of the enormous quantity of data, we subsampled from the initial recordings in the following
way. First, for any given idday period, we chose days 2, 4, 7, and 10 for further analysigidg3a days,

we chose the three Ifninute blocks starting at 6 am, 7 am, and 8 am, and one additionalitQte

block from 11 pm, 12 midnight, 1 am, or 2 am, or 3 am. Within thosaib@te blocks, we only

analyzed the first 3 minutes.

To analyze these-@iinute blocks, we used the Audacity computer program to identify the sounds, both
visually (with pitch, left and right speakers, and length) and aurally. To assist in identification, we used
bird sounds available for public use (e.qg., ibird Pro, the Cdrablbf Ornithology), and fellow experts at
the University of Alberta. In some cases, sounds were listed as unidentified, even after checking with
experts. Listening to eachrinute block, we recorded site information (e.g., location, habitat type),
analysis information (e.g., recording time, observer, levels of background noise, processing time), and
species information (e.g., type of vocalization, abundance) on the Access database established by the

Bioacoustics Unit (University of Alberta) and the Atb&iodiversity Monitoring Institute. We recorded
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species in each of the first, second, and third minutes. Additional individuals of the same species were
listed only if it was clear that there was more than one individual (e.qg., different directiondappirg

songs, etc.).

For analyses, we removed the unidentified occurrences and produced two response variables of species
richness and abundance (in the results, we report only on species richness). Predictor variables included
habitat type, date, and wéand/upland. From these data, we will calculate biodiversity indices to

evaluate the impact of habitat type on bird species richness and abundance. Later, we will use other
statistical analyses to examine the similarity of species between habitat typak/sés of the bird data

are ongoing because of the large number of samples and time required to analyze each sample. In
particular, analyses for the boreal habitats are not yet complete, and sampling for the natural grassland
sites was limited, which leads artificially low species richness numbers for those habitat types.

Currently, we are working with M&elsey Bourgeois at Royal Roads University, who is using these data

as part of her M.Sc. thesis.

2.7. ADDITIONARCTIVITIES

Over the past year, some of psesented some aspect of this research at various local, provincial, and
international conferences. There was also some media coverage. We tabulated these presentations to
document the specific talks given over the past year. Beaver County was recognizéidancial

supporter in all presentations.

The grounébased forest overstory vegetation data were shared with Innotech Alberta (Brian Eaton) in
July 2017 after our team was initially contacted by Ksenja Vujnovic (Alberta Environment and Parks).
These d&a will be used by Innotech Alberta along with German colleagues who are using the Beaver

Hills to test some new approaches to using radar data to model surface and vegetation layers.
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3. RESULTS
3.1. CARBONSTORAGE POTENTIAL

We produced a land cover map for@8er County that was used as the basis for quantifying the carbon
storage potential in the upper soil layer-20 cm depth) and abovground biomass (grassland only) in
the CENTURY modegidure4). In addition we produced a soil unit map using data ex¢dérom

Alberta Soil Inventory Database AGRASID (Alberta Soil Information Centre, 2001) that was also used in

the CENTURY modeéidure5).

Land Cover (2010)
Crop Land

Il Aspen Parkland

I Boreal Forest
Developed/Exposed Land

I Grassland

Il Water Bodies g g pov o @ oa o

Figure4. Spatial distribution of different land cover types in the Beaver County as extracted from
ABMI WaltTo-Wall Land Cover Map (ABMI, 20Lfbr use in the CENTURY model.
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20 Kilometers

Figure5. Spatial distribution of different soil units (390 units) in the Beaver County as extracted from
Alberta Soil Inventory Database AGRASID (Alberta Soil Information Centre, 2001).

TheCENTURY model estimates of SOC by spatial modeling units for each of the habitat types
(cultivated/cropland, grassland, and forests) are showhiguress, 7, and 8and the estimate of above
ground biomass C storage by spatial modeling unit for gragsiahitat type is shown iRigure9. In

general there was no clear spatial distribution pattern but rather a large degree of heterogeneity in the
distribution of SOC in the County among all three habitat types. The highest-gklmwed biomass

levels in tle grasslands were found in the east central and far west portions of the County. Summary
data are provided iTable3. Comparing among the habitat types, the CENTURY model estimated that
grasslands stored the most soil organic carbon in the upper 20 canpen ha basis, followed by

cultivated lands, with forests storing the least amount. Cultivated lands, with the largest land area
stored ~73.6% of the total SOC, grasslands stored 21.8%, and forests with a very small land area stored
only 4.6% of organimd carbon in the upper-20 cm depth. There was almost 600% more carbon

stored in the aboveground biomass in the grasslands than in the soil organic carbon for all of the

habitat types combined.
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Croplands

Soil Organic Carbon Storage (ton/ha)
High : 88.2

Low : 29.8 :

Figure6. Simulated SOC (top-20 cm depth of mineral si) for spatial modeling units covered with annual crops (3006 units) in the Beaver
County. The simulated values are loitgrm annual averages obtained feeach spatial modeling unit.
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Figure?. Simulated SOC (top-20 cm depth of mineral soil) for spatianodeling units covered with Aspen Parkland and Boreal forest
vegetation (1771 units) in the Beaver County. The simulated values are-teng annual averages obtained for each spatial modeling unit.
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Grasslands

Soil Organic Carbon Storage (ton/ha)

. High : 90.3

Low:51.6 0 5 10

Figure8. Simulated SOC (top-20 cm depth of minerasoil) for spatial modeling units covered with grassland vegetation (2809 units) in the
Beaver County. The simulated values are letegm annual averages obtained for each spatial modeling unit.
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Grasslands

Above-Ground Biomass Production (kg/ha)

. High : 2179

Low : 1411 0 5 10

Figure9. Simulated AGB for spatial modeling units covenedh grassland vegetation (2809 units) in the Beaver County. The simulated values
are longterm annual averages obtained for each spatial modeling unit.
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Table3. Mean (Standard Deviation in parentheses) and total soil organic carbon (SOC) and-above
groundbiomass (AGB) estimated using the CENTURY Model. Parkland and Boreal forest were
combined into a Forest category. The CENTURY model only calculates carbon storage irgataove
biomass for grasslands so data are not included for cultivated lands anddfsr.

Habitat Type SOC Mean SOC Total (Ton) AGB Mean AGB Total (kg/ha)
(ton/ha) (kg/ha)
Cultivated land 52.2 (6.3) 12,032,065 n/a n/a
Grassland 65.8 (4.3) 3,556,033 1797.8 (99.7) 96,433,734
Forest 37.8 (26.5) 758,029 n/a n/a

We compared the resultsdm the CENTURY model SOC estimates with the gioaset soil core data
and found that for both cultivated and grasslands that grotwaded soil core OC values were
consistently higher, as shown with the positioning of the irgaartile regions in the attched boxplots

(Figurel0). However, the forest SOC values were similar for the collected and modeled data.

Figurel0. Comparison of variation in simulated and measured SOC (t&®@m depth of mineral soil)
in three major land cover types in the Beav@ounty. For simulation results, boxplots were developed
using values obtained for spatial modeling units covered with annual crops (3006 units), grassland
(2809 units) and forest vegetation (1771 units). For measured data, boxplots were developed using
summer 2016 measurements for different land cover types (12 samples in each land cover type).
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