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EXECUTIVE SUMMARY
This research assessed human-ecological sustainability in rural landscapes as it relates to landscape
connectivity, biodiversity, carbon storage potential, and mitigations for wildlife 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 including: vegetation 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 human-beaver conflicts as they relate to the efficacy of pond levellers
and an associated cost-benefit 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 assessment. 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 into an MSc project 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 County within each of
the four upland types, we used the CENTURY Model and ground-based 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), followed by cultivated 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 soils.
Grasslands had almost 600% more carbon stored in their above-ground biomass compared with the total
amount of carbon stored below-ground among the three habitat types.

Using similar land cover data to the carbon models, we created a land cover map for Beaver County. 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 quality and landscape connectivity as they relate to species
abundance relative to a landscape with no human footprint (measured as “intactness”) and species
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 vegetation, 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 County, especially in the aspen parkland and mixedwood 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 the County 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 (>60-70%) than values for both all species and 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 west and the

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 grasslands, forests, 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 rasters to model landscape connectivity for black-capped chickadees (Poecile
atricapillus), coyotes (Canis latrans), and beavers (Castor canadensis). These species were chosen
because of their differing habitat requirements and associations with humans. Although these are
predictive models only, they help in visualizing landscape connectivity in the County. For black-capped
chickadee, the Cooking Lake Moraine is likely a source and the hedgerows and shrublands provide
connectivity to other habitats in the County. For coyotes, the County provides ideal habitats for moving
across the landscape. This finding is not unexpected given the ability of coyotes to adapt to humandominated landscapes. Beavers find the greatest connectivity in the western extent of the County,
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 human-beaver conflicts result because 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 sites – mainly in the part of the County within the Beaver Hills. 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 needed to sink 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 cost-benefit analysis to include one additional pond leveller that was installed in
June 2016, and to include all monitoring and maintenance costs in 2016. For the full cost-benefit model
(including wetland valuation and a social discount rate of 3%), there was a present value (PV) net benefit
(“savings”) of $384,312.53 in management costs for the 14 pond-leveller 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 be cost-effective for the 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, wildlife and birds 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 post-installation. We used a D-net 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 can be difficult
given the various stages of development for some species. Since 2014, we have identified over 124,747
individuals from 81 taxa. Three taxa – Brachycentridae (caddisflies), Plecoptera (stoneflies), and
Ephemeroptera (mayflies) – are pollution intolerant, 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 mixed-wood boreal sites. Of the 569 animals “captured” by the wildlife
cameras, mule deer (n = 187) and white-tailed deer (n = 193) accounted for most of the observations.

Moose (n = 70) were most numerous at upland sites in the aspen parkland, although for any of these
counts the same individual 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 grassland site, which 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 recording units - ARUs)
at the same sites 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 differ between the upland and wetland sites.
however, we have not yet differentiated between native and non-native species. When all sites were
combined, boreal habitats had the highest species richness (52 species) of all habitat types, but
agricultural habitats 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 Beaver County 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 years, Beaver County’s
leadership in research and resource management has been well-received. We continue to promote this
research in both academic and public forums. Data from this project are also being shared with Innotech
Alberta so that they can be used to test radar technology for vegetation mapping in Beaver Hills.
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1. INTRODUCTION
This research was conducted in collaboration with the municipality of Beaver County, 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 economic and ecological efficacy of previously installed pond levellers to reduce
human-beaver 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 Kinsella Ranch in the eastern
part of the County, to the dry mixed-wood boreal forests on the County’s western boundary. Beaver
County provides an ideal location for this research because of its diverse ecology and land uses. Given its
proximity to the Cooking Lake Moraine (CLM – also known as the Beaver Hills), the western
administrative divisions of the County are dominated by mature dry mixed-wood 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 re-established. This geographical context highlights the influence of
human activities on natural processes at a landscape scale.
Increasingly, municipal governments as well as individuals and non-governmental organizations share
the management of natural resources and environmental management with provincial and federal
governments (Dietz et al. 2003, Armitage 2005, Adams 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 (Chaplin-Kramer et al. 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. 2000, Pimm et al.
2014) which, if buffered from human development, could aid in reducing negative human-wildlife
interactions (Bergstrom et al. 2014). As recognized by UNESCO’s Man in the Biosphere Program,
landscapes such as the Beaver Hills can successfully integrate sustainable 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. CARBON STORAGE 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, recreational 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 (Weber et al. 2017), and
transfer of development credit approaches are of increasing interest in the development permitting
process (Kwasniak 2004, Weber and Arnot 2007). Additionally, provincial governments are proposing
carbon offset protocols to meet government greenhouse 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 consideration is the documentation of pre-management conditions, which then allows for a
more comprehensive assessment of pre- and post- carbon storage conditions of forests (Asante and
Armstrong 2106) and shelterbelts within adjacent croplands (Baah-Acheamfour 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 exist to 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 the Alberta Biodiversity Monitoring Institute
(ABMI), while more detailed land-cover 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 provide powerful insights into the ecological qualities of diverse landscapes (Willis
2015).
The CENTURY Model, developed by Colorado State University is one method to model plant-soil cycling
of nutrients in agricultural, grassland, forest and savannah (mixed woodland with grassland) systems
(https://www.nrel.colostate.edu/projects/CENTURY/). A combination of land-cover and field data allow
these models to simulate the carbon and nutrient dynamics 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
analysis (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 potential 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 CONNECTIVITY
The combination of habitat loss though human disturbance and 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 movements and populations are less clear (Raudsepp-Hearne et al. 2010). Mixed-agricultural
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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 can also serve as “stepping
stones” by providing important habitats that are naturally high in habitat heterogeneity (Nelner and
Hood 2011). On a landscape scale, the combination of forest patches, protected areas, small-scale
agriculture, rural residential areas 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 result in complete loss of
biodiversity. In some areas, mixed-forested 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 Merriam 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 understanding of their landscape
function (Hobbs et al. 2009).
With advances in geographic information systems (GIS) technology and supportive programs (e.g.,
Circuitscape), modelling large-scale landscape connectivity is increasingly common where appropriate
data are available. The underlying data sets used in traditional least-cost path 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). Organizations, such as The Nature Conservancy have
applied these models at the continental scale (McRae et al. 2016).
1.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
One of the challenges in maintaining or enhancing ecological sustainability in developed landscapes is
the complex interactions between people and the surrounding natural environment (Bruggers et al.
2002, Fall and Jackson 2002, Baruch-Mordo et al. 2013, Baral et al. 2013). For example, beaver-human
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conflicts often result in the loss of valuable wetlands and their associated biodiversity during
management interventions to reduce wildlife damage of human infrastructure (e.g., roads, buildings,
trails). Indeed, rural landscapes present unique challenges because of these “complex humanenvironment systems” (Baral et al. 2013). Unfortunately, the removal of wetlands 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 resilient to drought
(Westbrook et al. 2006, Hood and Bayley 2008).
Pond-levelling 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 follow-up studies, when conducted (Nolte et al. 2000,
Jensen et al. 2001, Lisle 2003). Between 2014 and 2016, my research team and I installed 14 pond
levellers in Beaver County. I have also installed more than a dozen 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.g., trails,
culverts). To date, almost all are working well, with others requiring some minor site-specific
modifications to ensure optimal function. These devices are just one example of science-based
management approaches used to address emerging issues in human-wildlife interactions and associated
wetland loss.
1.4. BIODIVERSITY MEASURES
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 measure (e.g.,
Shannon Index, Simpson’s Index). Ultimately, a combination of these measures can provide a numerical
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 conservation measures (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.
Common taxa used to measure biodiversity include plants, birds, mammals, and invertebrates –
sometimes as individual groupings or within a combined assessment. Each taxonomic group has its
advantages and disadvantage and can be specific to the ecological question being proposed. 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). Increasingly, song meters (autonomous recording units – ARUs) 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). Although somewhat
data intensive because of the large data sets produced by 24-hr surveillance 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, aquatic macroinvertebrates 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 aquatic habitats,
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 time-consuming, yet rewarding.
1.5. GOALS AND OBJECTIVES
The objectives of this project are to: 1) create land-cover 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 GIS-based management 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 pond-levelling devices; and, 4) continue to measure biodiversity metrics at long-term research
sites and then relate these measures back to adaptive management approaches.
1.6. REPORT ORGANIZATION
This report presents the results of a year-long study (May 2016 –April 2017) of ecological sustainability
in Beaver County as they relate to carbon storage potential, landscape connectivity, mitigation of
human-beaver conflicts, and biodiversity monitoring. In Section 2, the report first describes the
methodology for quantifying carbon storage potential in the County. Specifically, we obtained fieldbased measures of soil carbon and plant biomass and these data were used to calibrate the CENTURY
carbon model, which then provided spatially-explicit estimates of soil organic carbon for each
habitat/land use type (cultivated, grasslands, forests) that were displayed using GIS. Section 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 pond-leveller 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 cameras and 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 east-central Alberta, the Cooking 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. Immediately adjacent 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 km²) includes the
eastern extent of the CLM, which supports 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
abundant in the area. As noted in previous research in the County (Hood 2016), there has been a long
history of conflict with humans, especially in rural-residential developments in the moraine. In the past
three years, we installed pond levelers at 14 sites within the County to mitigate wetland loss and reduce
human-beaver 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
carbon sequestration and biodiversity conservation, which can then be applied to future valuation
models proposed by both provincial and federal governments.
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Figure 1. Beaver County in east-central Alberta. The inset map shows the major towns and the
divisional boundaries within the County.
2.2. CARBON STORAGE POTENTIAL
We used existing provincial mapping data, complemented by additional GIS, remote sensing and field
data, to produce a county-wide Geographic Information Systems (GIS) map of land cover classes. Dr.
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 organic carbon (SOC) storage potential within Beaver County.
The CENTURY model was originally developed based on experiments in Great Plains grasslands, of which
Alberta’s grasslands is a northern extension. It has been extensively used to simulate soil carbon storage

June 2017

Ecological Sustainability in Rural Landscapes

18

Hood, Hvenegaard, and McIntosh 2017
(SOC) and above-ground 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 system designed 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 above-ground biomass production in the County. The detailed land use map of the
county was extracted from the ABMI Wall-To-Wall Land Cover map (ABMI, 2010) and then was
reclassified into three major land cover types of cropland, grassland and forestland (Aspen Parkland and
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 Soil Information Centre, 2001). This soil map was first intersected
with the reclassified land cover layer to delineate all possible soil-land cover units for the County. The
small soil-land cover units (e.g., along the linear features such as roads) were then dissolved into
adjacent units with the same soil and land cover attributes. The remaining soil-land cover units were
considered as spatial modeling units for simulation of SOC (three major land cover types) and AGB (only
grassland vegetation) in the Beaver County.
Climate data were extracted from ClimateNa_5.21 (Wang et al., 2016), which is a user-friendly interface
that locally downscales historical and future monthly climate data layers into scale-free point estimates
of climate values for the entire North American continent. For each spatial unit, time-series (1901-2010)
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 1901-2010, while long-term averages for this period were used for previous
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years (equilibrium or warm up period). In addition, for 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 at: https://www.nrel.colostate.edu/projects/CENTURY/,
To provide soil and vegetation inputs into the CENTURY Model, we collected 48 soil and 48 vegetation
samples at 12 sites in three different habitat types within the County (Figure 2, agricultural n = 12
samples, grassland n = 18 samples, and forest n = 18 samples). These sites roughly corresponded to our
ARU and wildlife camera locations used in biodiversity assessments. As outlined below, we also
measured additional vegetation data at each sampling plot that will be used for analyses in future years
as we explore additional above-ground carbon sequestration models.
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Figure 2. Location of soil and vegetation plots (n = 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 GPS unit (± 3 m
accuracy). We then recorded weather at the time of sampling, site number, date, and the person
collecting the sample.
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Figure 3. Visual representation of the layout of the four sampling points for each site. Not drawn to
scale. Soil core points are a minimum of 15 meters from edge of the vegetation boundary.
Soil and vegetation sampling
Soil sampling
Using an AMS Inc. double-cylinder drop-hammer 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. Core lengths were confirmed to obtain exact lengths of each core for volume
calculations (cm3). All soil samples were placed in plastic sampling bags for storage.
To prepare the soil samples for further analysis, we dried them at 105oC in a drying oven for 24 hours at
the Augustana Campus of the University of Alberta. We then derived dry weight (g) from which we
calculated bulk density (g/cm3) by dividing dry weight by volume. We then sieved (4 mm diameter) 10 g
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of each soil core to be used for measuring pH. Soil pH was measured using a soil-to-solution ratio of 1:2
using CaCl2 solution (Kalra and Maynard 1991). At the University of Alberta’s Natural Resources
Analytical Lab, samples were ground using a ball grinder and they calculated total organic carbon (TOC)
using the dry combustion method and conducted a particle size analysis (PSA) using the hydrometer
method to determine percent clay (<2μm), percent silt (2-50 μm) and percent sand (>50 μm) for each
sample.
Vegetation sampling
At each plot, we focused on the 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
current year’s vegetation within each plot and placed the clippings into paper bags for transport to the
lab. Any previous year’s litter was removed to ensure that we were only measuring the current year’s
above-ground net primary productivity. In the lab we then dried all samples at 70oC in a drying oven for
24 hours. We then weighed the samples with an analytical balance to obtain dry-weight biomass (g) for
input into the CENTURY Model.
We also measured all tall shrubs and saplings (>1.3 m high and <5 cm dbh) in four 4-m radius circular
plots centered at each of the sampling points (Figure 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 four 8-m fixed radius (0.02 ha) circular plots centered at each 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 line-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 (0-0.5 cm, 0.5-1.0 cm, 1-3 cm, 3-5 cm, 5-7 cm, and >7 cm). These data
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will be used for analyses in future years as we explore additional above-ground carbon sequestration
models.
2.3. LANDSCAPE CONNECTIVITY
GIS mapping
Data used in GIS models were primarily obtained from various open-source suppliers: the Government
of Canada’s Geogratis portal (National Topographic Service Maps), the Alberta Biodiversity Monitoring
Institute (ABMI, Land Cover data, and biodiversity rasters), Government of Alberta (AltaLis Ltd., digital
elevation – DEM – files, cadastral data), Beaver County (2015 high resolution orthophotos), and ESRI
(ArcGIS data sets for municipalities). We used ArcGIS versions 10.3 and 10.5 for all maps and models.
GIS modelling
GIS models are in four categories: 1) a general land cover map that allows for quantification of
percentage of land cover by category, 2) ABMI models for Intactness and Species Richness for all species
(animals, plants, and lichens), and those specific to taxonomic group (e.g., birds, vascular plants,
mammals); 3) cost surface rasters (combining land cover and the DEM) that provides a raster for
coyotes, a raster for black-capped 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 such as Circuitscape. They should be viewed as coarse-scale 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 Backfilled Wall-to-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, we clipped 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.g., grassland, agriculture, water,
etc.) in case we needed distinct files for future modelling. In addition, with the newly clipped polygon,
we then re-calculated the areas for each land cover class (area = km2). We then were able to use these
areas to derive percent 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
“area” for polygon features (water basins) and used the calculate geometry function to calculate areas.
For linear features, we added a new field called “length” and did the same. We were then able to
determine the area and length of the features within Beaver County. These data were added to the
general land 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 created several species models for Alberta and has made province-wide outputs available for
free online (Alberta Biodiversity Monitoring Institute 2014). ABMI is a province-wide program that
monitors hundreds of species (e.g., plants, invertebrates, mammals, birds) 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 online, ABMI had developed two that are of special interest for our research in Beaver
County.
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One model quantifies species intactness, which “compares the predicted current abundance of a species
with the abundance predicted under the reference condition with no human footprint” (Alberta
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 study, we 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 show the area 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 with the intactness
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 probability of occurrence of each species projected for each 1km2 grid cell
in the province (the province is divided into 1km2 grids for sampling. Species richness (0 being lowest
and 1 being highest) provided an average standardized richness index for each grid cell. More
information can be found at http://species.abmi.ca/pages/multispecies/richness.html. As before, we
then used the Beaver County boundary to show only the area within the County.
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 (DEM) files from AltaLis Ltd., which were derived from threedimensional spatial ground elevation values collected by LiDAR15 DEM and processed into 15-m post
spacing. The 27 point files obtained from AltaList Ltd. are listed in Appendix A. We merged the point files
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into one shapefile and then interpolated it into an elevation raster, from which a DEM was created in
3D-Analyst in ArcGIS 10.5. We then created a slope raster which was then combined with the land cover
raster to create a cost raster. No slope was required for black-capped chickadee; therefore, we assessed
connectivity by reclassifying the raster using the values in Table 1. For coyotes and beavers we also used
the values in Table 1 for weighted overlays to create species-specific cost surface rasters to assess
landscape connectivity. These species were selected because of their habitat preferences and
association with humans.
Table 1. Values used to weight cost surface rasters for coyotes, black-capped chickadee and beavers
for landscape connectivity analysis in Beaver County, Alberta. Land cover codes are from the ABMI
Land cover shapefile. Species-specific weights were provided courtesy of Solstice Canada, Corp.,
Edmonton, Alberta.
Land cover

Water
Exposed land
Developed
Shrubland
Grassland
Agriculture
Coniferous forest
Broadleaf forest
Mixed forest
Very strong to very steep
slope (>30% or 16.5°)
Strong slope (14.9-30%, or
8.49-16.5°)
Moderate slope (5-15%, or
3-8.5°)
Level (0-4.9%, or 0-2.9°)

Land cover
code

Coyote
weighting

Beaver
weighting

7
6
9
0
0
5
0
0
0
10

Black-capped
chickadee
weighting
10
8
5
0
10
10
0
0
0
N/A

20
33
34
50
110
120
210
220
230

5

N/A

8

2

N/A

2

0

N/A

0

0
10
7
6
10
9
4
0
0
10

2.4.
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2.5. MITIGATION OF HUMAN-BEAVER CONFLICTS
We continued to assess the function of the current 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 site-specific challenges. All costs associated with site
monitoring were recorded for additional cost-benefit 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 pond levellers. 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 in Mitigating human-wildlife conflicts through adaptive management (Hood 2016, Appendix A)
and are not included in this report.
Cost-benefit analysis
We continued to work with the County to obtain the municipality’s costs for addressing beaver
problems at sites where we had installed pond levellers. 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.). We entered
all data into an Excel spreadsheet for tracking and analysis. Dr. Varghese Manaloor (UofA Augustana)
assisted with setting up the cost-benefit analysis and has provided his expertise as required. A thorough
description of methods and model assumptions used in the cost-benefit analysis is outlined in
Mitigating human-wildlife conflicts through adaptive management (Hood 2016), and are briefly outlined
below.
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Model assumptions
The cost-benefit analysis applies the following assumptions: 1) the social discount rate (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 costs for 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 keep detail costs 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 Directive (Government of Alberta 2015) and are assumed to be accurate
representations for all 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 mitigated by averaging 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 would 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 available. We also have 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 cost-benefit analysis quantifies the actual expenses (i.e., current value: CV),
a social 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+SDR)year. Pond areas were derived from current (2015) high resolution orthophotos using a
GIS to digitize pond boundaries and calculate their geometry.
Costs included all expenses incurred when installing each pond leveller (e.g., supplies and equipment,
material and site preparation, labour, transportation). Monitoring and maintenance costs included
supplies, equipment, labour and transportation. Benefits included 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 valuation cost was determined by multiplying wetland
area (ha) by the in-lieu-fee per hectare from the 2015 Alberta Wetland Mitigation Directive
(Government of Alberta 2015). This directive assigns different in-lieu-fees for different categories of
wetlands using a Relative 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 where we input 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 non-monetary) of pond leveller 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 cost-benefit model: 1) the full 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 compensation for 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 our collection and
quantification 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 County. 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 pond levellers 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 (WPT 100a and 100b) were combined into one
sampling effort because of the close proximity of the beaver dams on the same stretch of creek. The
first two installations (Installs 1 and 2 – June 2014) were not sampled for aquatic invertebrates because
this aspect of the project was not established 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 an aquatic D-net (0.07 m2) with a 500 μm mesh size (sensu Hood and Larson
2014). To ensure that we were sampling the same volume of water, we performed a 1-m sweep through
the water column and let the net gently touch the surface of the pond bottom and the aquatic
vegetation for samples along the vegetated edge. For open water samples, we performed the same 1-m
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 the net 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% isopropyl alcohol for future
analysis at the lab where they were identified to the lowest taxonomic classification and quantified.
Approximately 90 samples from 2014 and 2015 were sent to Ms. Charity Briere (Red Deer College) for
identification and quantification because of the time-consuming nature of invertebrate analysis.
As in previous years, we replicated sampling at all the sites exactly one year following their installation
date to allow for a before and after comparison of biodiversity measures (Shannon Index – Magurran
1988, evenness, density, species richness). Once all samples are identified, we will use the following two
statistical approaches.
To assess whether site-specific factors (e.g., pH, total dissolved solids, electrical conductivity, before and
after installation) are associated with specific taxa, we will conduct a non-metric 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
From 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, agriculture, aspen parkland and boreal). Each
location was then mapped using a Garmin 60 CS handheld GPS unit (± 4 m accuracy) and then
transferred into a GIS. Specific sampling locations were selected using convenience sampling because
landowner access was the primary 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 triggered, it would 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), and age class (adult, yearling, or young-of-year. 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 habitat type.
Song meters (ARUs) and 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 to a pre-set
schedule (Shonfield and Bayne 2017). The ARUs are weather-resistant, 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 ability to permanently 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 vocalizing. Table 2 summarizes the sampling dates. During this time period, we
positioned the ARUs in three locations within each of the four habitat types (each with a wetland or
upland option; Table 2). We placed the ARUs on posts or trees about 1 m above the ground. For the
grassland habitat type, we could not retrieve the data from the ARUs 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
ARUs 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.
Table 2. Sampling dates for ARUs by habitat type (grassland, boreal, agricultural and parkland) and
sites in Beaver County, AB. from May to June 2016.
Site

Grassland

Boreal

Agriculture

Parkland

Wetland 1 and Upland 1

May 28-June 6

May 28-June 6

May 31-June 9

May 31-June 9

Wetland 2 and Upland 2

n/a

June 10-19

June 14-23

June 14-23

Wetland 3 and Upland 3

n/a

June 25-July 4

June 28-July 6

June 28-July 6

Because of the enormous quantity of data, we subsampled from the initial recordings in the following
way. First, for any given 10-day period, we chose days 2, 4, 7, and 10 for further analysis. On those days,
we chose the three 10-minute blocks starting at 6 am, 7 am, and 8 am, and one additional 10-minute
block from 11 pm, 12 midnight, 1 am, or 2 am, or 3 am. Within those 10-minute blocks, we only
analyzed the first 3 minutes.
To analyze these 3-minute 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.g., ibird Pro, the Cornell Lab of Ornithology), and fellow experts at
the University of Alberta. In some cases, sounds were listed as unidentified, even after checking with
experts. Listening to each 3-minute 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 Alberta Biodiversity 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.g., different directions, overlapping
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 wetland/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 types. Analyses 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 to artificially low species richness numbers for those habitat types.
Currently, we are working with Ms. Kelsey Bourgeois at Royal Roads University, who is using these data
as part of her M.Sc. thesis.
2.7. ADDITIONAL ACTIVITIES
Over the past year, some of us presented 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 recognized as a financial
supporter in all presentations.
The ground-based 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 data 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. CARBON STORAGE POTENTIAL
We produced a land cover map for Beaver County that was used as the basis for quantifying the carbon
storage potential in the upper soil layer (0-20 cm depth) and above-ground biomass (grassland only) in
the CENTURY model (Figure 4). In addition we produced a soil unit map using data extracted from
Alberta Soil Inventory Database AGRASID (Alberta Soil Information Centre, 2001) that was also used in
the CENTURY model (Figure 5).

Figure 4. Spatial distribution of different land cover types in the Beaver County as extracted from
ABMI Wall-To-Wall Land Cover Map (ABMI, 2010) for use in the CENTURY model.
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Figure 5. 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).
The CENTURY model estimates of SOC by spatial modeling units for each of the habitat types
(cultivated/cropland, grassland, and forests) are shown in Figures 6, 7, and 8, and the estimate of aboveground biomass C storage by spatial modeling unit for grassland habitat type is shown in Figure 9. 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 above-ground biomass
levels in the grasslands were found in the east central and far west portions of the County. Summary
data are provided in Table 3. Comparing among the habitat types, the CENTURY model estimated that
grasslands stored the most soil organic carbon in the upper 20 cm on a per 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 organic soil carbon in the upper 0-20 cm depth. There was almost 600% more carbon
stored in the above-ground biomass in the grasslands than in the soil organic carbon for all of the
habitat types combined.
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Figure 6. Simulated SOC (top 0-20 cm depth of mineral soil) for spatial modeling units covered with annual crops (3006 units) in the Beaver
County. The simulated values are long-term annual averages obtained for each spatial modeling unit.
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Figure 7. Simulated SOC (top 0-20 cm depth of mineral soil) for spatial modeling units covered with Aspen Parkland and Boreal forest
vegetation (1771 units) in the Beaver County. The simulated values are long-term annual averages obtained for each spatial modeling unit.
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Figure 8. Simulated SOC (top 0-20 cm depth of mineral soil) for spatial modeling units covered with grassland vegetation (2809 units) in the
Beaver County. The simulated values are long-term annual averages obtained for each spatial modeling unit.
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Figure 9. Simulated AGB for spatial modeling units covered with grassland vegetation (2809 units) in the Beaver County. The simulated values
are long-term annual averages obtained for each spatial modeling unit.
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Table 3. Mean (Standard Deviation in parentheses) and total soil organic carbon (SOC) and aboveground biomass (AGB) estimated using the CENTURY Model. Parkland and Boreal forest were
combined into a Forest category. The CENTURY model only calculates carbon storage in above-ground
biomass for grasslands so data are not included for cultivated lands and forests.
Habitat Type
Cultivated land
Grassland
Forest

SOC Mean
(ton/ha)
52.2 (6.3)
65.8 (4.3)
37.8 (26.5)

SOC Total (Ton)
12,032,065
3,556,033
758,029

AGB Mean
(kg/ha)
n/a
1797.8 (99.7)
n/a

AGB Total (kg/ha)
n/a
96,433,734
n/a

We compared the results from the CENTURY model SOC estimates with the ground-based soil core data
and found that for both cultivated and grasslands that ground-based soil core OC values were
consistently higher, as shown with the positioning of the inter-quartile regions in the attached boxplots
(Figure 10). However, the forest SOC values were similar for the collected and modeled data.

Figure 10. Comparison of variation in simulated and measured SOC (top 0-20 cm depth of mineral soil)
in three major land cover types in the Beaver County. 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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3.2. LANDSCAPE CONNECTIVITY
We determined that the ABMI data were more current than the Geogratis NTS data (often derived from
1970s aerial photographs and land surveys). In particular, the water coverage in the NTS data was
almost twice the area of the current ABMI coverages). For consistency, we used the ABMI data for all
landscape modelling. The NTS data were helpful, however, in confirming locations of railways, roads,
and streams. These data also allowed us to calculate linear distances of roads, railways, and streams for
the County.
General land cover map
From Geogratis and ABMI data, we were able to produce a land cover map for Beaver County that
highlights the different natural and development land cover types within the County (Figure 11). This
map provided the basis for the landscape connectivity mapping, although the NTS water layers were not
used due to issues with temporal accuracy.
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Figure 11. Primary land cover for Beaver County as represented by currently available NTS (National
Topographic Service maps from Geogratis) and Alberta Biodiversity Monitoring Institute (ABMI) data.
Note that Beaver Hill Lake in the upper top left corner of the map has had fluctuating water levels
over the past decade.
Beaver County consists mainly of agricultural land use (69.3%). Despite such high land conversion, there
are some intact grassland (16.4%) and forest habitats (7.1%) within the County (Table 4). Given that only
the extreme western area of the County is within the CLM, there is only small amount of southern
mixed-wood boreal forest. Given its rural nature, developed land (outside of agriculture) comprises a
minor component of the land use within the County. As noted in Table #, the estimated water coverage
in the County differed dramatically when comparing the ABMI and NTS data.
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Table 4. Land cover percentages for Beaver County based on a combination of currently available NTS
(National Topographic Service maps from Geogratis) and Alberta Biodiversity Monitoring Institute
(ABMI) data. The total area of Beaver County is 3,317.57 km2.
Area (km2)

Land cover

Length (km)

% of
County*
6.5%
(12.3%)

Source

Water
215 km2
ABMI
Lentic (lakes and wetlands) (408 km2)
NTS**
Lotic (rivers and streams)
(1,300 km)
NTS*
Exposed land
3 km2
0.1%
ABMI
Developed land
268 km2
8.1%
ABMI
2
Shrubland
52 km
1.6%
ABMI
Grassland
543 km2
16.4%
ABMI
Agriculture
2,300 km2
69.3%
ABMI
2
Coniferous forest
5 km
0.2%
ABMI
Broadleaf forest
205 km2
6.2%
ABMI
Mixed forest
22 km2
0.7%
ABMI
Roads
3,288 km
NTS
Railway
147 km
NTS
* Total percent coverage (109%) is due to some land cover values within protected areas.
**Note difference in water cover between the NTS maps and ABMI data.
Intactness and species richness models
Using ABMI model outputs we found that species intactness for all species (predicted current
abundance of a species with abundance predicted under a reference condition with no human footprint)
for Beaver County was highest in the western reaches of the County and in areas of natural grassland
habitats further east (Figure 12).
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Figure 12. Species intactness for all species (vertebrates, invertebrates, plants, lichen and habitat
structures) in Beaver County as derived from Alberta Biodiversity Monitoring Institute models
(Alberta Biodiversity Monitoring Institute 2015).
For mammals, the ABMI models indicate that, as a whole, Beaver County still provides good habitat for
mammals, with some areas in the western reaches less intact than others (Figure 13).
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Figure 13. Species intactness for mammals in Beaver County as derived from Alberta Biodiversity
Monitoring Institute models (Alberta Biodiversity Monitoring Institute 2015).
Intactness for birds within Beaver County reflected the importance of Beaverhill Lake, boreal mixedwood forests, and the remaining native grassland habitats within the County (Figure 14). Agricultural
and developed areas have the lowest intactness scores in the County.
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Figure 14. Species intactness for birds in Beaver County as derived from Alberta Biodiversity
Monitoring Institute models (Alberta Biodiversity Monitoring Institute 2015).
Finally, intactness for native vegetation is poor in most areas of the County, with the exclusion of
Beaverhill Lake, some native grasslands, and the protected areas in the western extent of the County
(Figure 15). Agricultural areas have the lowest intactness scores (<50%).
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Figure 15. Species intactness for native vegetation in Beaver County as derived from Alberta
Biodiversity Monitoring Institute models (Alberta Biodiversity Monitoring Institute 2015).
Relative to species richness for all species, Beaver County, the scores are quite low for most areas within
the County (Figure 16). Beaverhill Lake also has lower scores relative to other locations within the
County. Higher values are found in the protected areas in the western parts of the County and in the
native grasslands in the eastern extent of the County.
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Figure 16. Species richness for all species (vertebrates, invertebrates, plants, lichen and habitat
structures) in Beaver County as derived from Alberta Biodiversity Monitoring Institute models
(Alberta Biodiversity Monitoring Institute 2014).
For mammals, species richness is highest in the protected areas in the western edges of Beaver County
(Figure 17). There are some small pockets of higher mammal diversity in the native grasslands to the
east, but overall species richness in the County is around 50%.
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Figure 17. Species richness for mammals in Beaver County as derived from Alberta Biodiversity
Monitoring Institute models (Alberta Biodiversity Monitoring Institute 2014).
Species richness for birds is higher in the western corner of the County than elsewhere (other than in
select locations within native grasslands). However, the County as a whole has fairly high (>60-70%)
species richness values (Figure 18).
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Figure 18. Species richness for birds in Beaver County as derived from Alberta Biodiversity Monitoring
Institute models (Alberta Biodiversity Monitoring Institute 2014).
Species richness for native vegetation in Beaver County is very low (<30%) in the majority of areas within
the County (Figure 19). There are higher scores in the protected areas to the west, although they too are
lower than expected on average. The native grasslands to the southeast of Viking are also higher in
species richness, but agricultural lands lower the score for the County as a whole.
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Figure 19. Species richness for native vegetation in Beaver County as derived from Alberta Biodiversity
Monitoring Institute models (Alberta Biodiversity Monitoring Institute 2014).
Cost surface rasters
Landscape connectivity within the County varied for the three model species (black-capped chickadee,
coyote and beaver) within the County. These models are based on ecological estimates of habitat
preferences by these species and do not reflect behaviours of habituated individuals. Black-capped
chickadee movements are predicted to be strongly impeded by agriculture; however, the hedges along
roads and agricultural lands appear to provide travel corridors for chickadees (Figure 20). The forest in
the western part of the County likely serve as a source population for chickadees, but further study
would be required to confirm this assumption.
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Figure 20. Habitat connectivity map for black-capped chickadee in Beaver County. Smaller values
indicate areas of greater ease of movement through the landscape, while higher scores indicate
habitats that are less so.
Very little limits the movement of coyotes within the County (Figure 21). Given the coyote’s ability to
adapt, and even benefit, from human activities, this finding is not surprising. Agricultural lands pose
limited barriers to coyote movements.
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Figure 21. Habitat connectivity map for coyotes in Beaver County. Smaller values indicate areas of
greater ease of movement through the landscape, while higher scores indicate habitats that are less
so.
The greatest connectivity for beavers is in the western areas of the County where water bodies and
mixed-wood forests are common (Figure 22). There are some areas within the rest of the County where
beavers can take advantage of shrubs and water bodies, but grasslands and agricultural lands tend to be
a barrier to movement.
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Figure 22. Habitat connectivity map for beavers in Beaver County. Smaller values indicate areas of
greater ease of movement through the landscape, while higher scores indicate habitats that are less
so.
3.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
Efficacy of previous and new pond levellers
Pond levellers from 2014, 2015 and 2016 were checked in May 2017, and all but two were in working
order (Figure 23). Seven pond levellers were installed at road-side culverts, while the remaining seven
were installed through beaver dams along streams on private lands. We only installed one new pond
leveller in 2016 (Install 14). All installations were done by the request of Beaver County. To date, there
are 14 pond levellers in Beaver County.
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Figure 23. Locations of pond leveller installations in Beaver County, Alberta from June 2014 to June
2017.
Of the two pond levellers that required maintenance in 2017, they were unplugged by research staff.
(Table 5). As before, we documented all monitoring, maintenance and installation costs for each pond
leveller (Table 6), and used these data to update the cost-benefit analysis.

June 2017

Ecological Sustainability in Rural Landscapes

58

Hood, Hvenegaard, and McIntosh 2017
Table 5. Current condition (July 2017) of all pond levellers installed from June 2014 to May 2017. Site
numbers correspond to those on Figure 23 which are derived from GPS waypoints (WPT). Waypoint
numbers were used exclusively in Hood and Yarmey (2015).
Site

WPT

Install 1
Install 2
Install 3
Install 4

36
63
67
76

Install 5

Northing

Feature
Culvert
Culvert
Dam
Dam

Date
installed
2014-06-18
2014-06-20
2014-07-15
2014-07-17

Date last
checked
2017-05-16
2017-05-17
2017-05-17
2017-05-16

377994
376503
376405
376359

5912409
5912275
5912290
5911552

5923630

Dam

2014-07-30

2017-05-17

389931

5919496

Culvert

2014-08-27

2017-05-16

100

389931

5919496

Culvert

2014-08-27

2017-05-19

Install 8

101

388836

5920862

Culvert

2014-08-20

2017-05-19

Install 9

102

423198

5889013

Culvert

2014-08-15

2017-05-19

Install 10
Install 11

144
140

385775
393209

5915190
5933246

Dam
Dam

2015-08-04
2015-08-07

2017-05-19
2017-05-14

Install 12
Install 13

177
179

378986
385107

5912579
5918226

Dam
Dam

2015-06-26
2015-06-11

2017-05-17
2017-05-17

Device is working and free of debris
Device is working and free of debris
Device is working and free of debris
Device is working and free of debris,
3 dams in area which are holding
back a lot of water. Active beavers.
Monitor.
Device is not working. Active beaver
lodge covering entire device.
Device is working and free of debris,
the pipe had floated to top. Re-sunk
the pipe in 2017.
Downstream install is working and
free of debris.
Device is working and free of debris,
but there are two dams downstream
that are causing flooding issues.
Monitor.
Device is completely blocked up into
culvert. Recommend culvert grate.
Culvert on the other side of the road
has been completely dammed.
Device is working and free of debris.
Dam is destroyed. The device is now
ineffective.
Device is working and free of debris
Device is working and free of debris.

98

380215

Install 6

100

Install 7

Install 14

7

378725

5918836

Dam

2016-06-14

2017-05-17

Device is working and free of debris.
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Table 6. Costs for installation of pond levelling devices in Beaver County from June 2014 to June 2016.
Site numbers correspond to those on Figure 23 which are derived from GPS waypoints. For the County
costs, the values are only for what work had been completed to 31 August 2016. Additional data are
to be determined.
Site

WPT

Install Date
(time & km)

Supplies

Installation

Total

$330.87

Site/
Material
Prep.
$111.50

$441.00

$883.37

Management Costs for
2014/2015 Prior to
Installs*
$1,249.99

Install 1

36

Install 2

63

Install 3

67

Install 4

76

Install 5

98

Install 6

100a

Install 7

100b

Install 8

101

Install 9

102

Install 10

144

Install 11

140

Install 12

177

Install 13

179

Install 14

7

18 June 2014
(4 hrs/70 km)
20 June 2014
(10.5 hrs/125 kms)
15 July 2014
(5 hrs/125 kms)
17 July 2014
(6.75 hrs/124 kms)
30 July 2014
(3.5 hrs/70 kms)
27 August 2014
(6.5 hrs/54.3 kms)
27 August 2014
(6.5 hrs/54.3 kms)
20 August 2014
(6.75 hrs/64 kms)
15 August 2014
(7.5 hrs/66 kms)
11 June 2015
(10 hrs/ 185 kms)
26 June 2015
(5.49 hrs/70 kms)
4 August 2015
(7.25 hrs/192kms)
7 August 2015
(7.75 hrs/120.5 kms)
14 June 2016
(4.65 hrs/99 kms)

$550.49

$241.00

$381.00

$1,172.49

$517.53

$569.37

$122.50

$322.00

$1,013.87

$517.53

$550.49

$151.95

$278.90

$981.34

$105.20*

$301.73

$80.50

$374.10

$756.33

$1,166.23

$550.49

$126.79

$298.20

$975.48

TBD

$1,229.
01
$569.91

$126.79

$249.75

$1,605.55

TBD

$133.95

$369.30

$1,073.16

TBD

$588.25

$147.30

$342.09

$1,077.64

TBD

$569.37

$225.50

$401.40

$1,196.27

TBD

$569.37

$114.33

$341.15

$1,024.85

TBD

$550.49

$180.85

$328.65

$1,059.99

TBD

$550.49

$167.90

$268.20

$986.59

TBD

$550.49

191.90

$454.02
$1,196.41
TBD
(training)
Total $15,003.34
TBD
*Costs for the County are only to 31 August 2016 for the 2016 fiscal year and are not annual estimates.
The sites were identified as problem sites requiring multiple visits each year. Data for the site of Install
#4 were incomplete and not used to extrapolate to other sites.
Cost-benefit analysis
For the full cost-benefit model (including wetland valuation and a social discount rate of 3%), there was
a present value (PV) net benefit (“savings”) of $384,312.53 in management costs for the 14 pondleveller sites over three years (2014, 2015, and 2106). This value represents an increased PV net benefit
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from the 2015 estimate of $156,723 (Hood 2016, p. 41). When we excluded wetland valuation in the
analysis, there was still a PV net benefit for the County of $64,632.34 (an increase of $30,241 from the
2015 estimate). A breakdown of the cost-benefit analysis is provided below.
Install expenses
The minimum expense for a pond-leveller installation was $756.33 (Install #5, WPT 98, Install date 30
July 2014), and the highest cost was $1,605.55 (Install #6, WPT 100a, “Big Bertha”, 120 ft. of pipe, Install
date: 27 August 2014). The install for 2016 was higher than average ($1,196.41) because the whole
research team (3 summer research assistants and 3 professors) participated for training purposes (Table
#). The supervisors’ wages were not fully included in the costs: the research assistants’ salaries were
used to cost their time). The average installation cost over three years was $1,024.85 and the total cost
for all 14 installations was $15,003.31 (Table 7).
Table 7. Average costs by year (2014, 2015, and 2016) for installation of pond levellers at 14 sites
subject to flooding by beavers in Beaver County, Alberta. Costs include materials, labour, and
transportation to the install sites. Seven sites in 2014 were at culverts, two were at dams, and all sites
for 2015 and 2016 were at beaver dams on stream systems.
Item
2014 Number of Sites:
2014 Total Install Cost:
2014 Average Cost:

Number and costs
9
$9,539.21
$1,059.91

2015 Number of Sites:
2015 Total Install Cost:
2015 Average Cost:

4
$4,267.69
$1,066.92

2016 Number of Sites:
2016 Total Install Cost:
2016 Average Cost:

1
$1,196.41
$1,196.41

Total Number of Sites: 14
Total Cost: $15,003.31
Average Total Cost: $1,071.66
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Additional monitoring and maintenance costs
Total additional costs for monitoring and maintenance of all 14 sites over three years were $6,422.50
(including salaries, materials and transportation; Table 8). All these values were included in the costbenefit models.
Table 8. Additional monitoring and maintenance costs by year (2014, 2015, and 2016) for 14 pond
leveller sites at areas subject to flooding by beavers in Beaver County.
Item
Number of Sites
2014 Additional Costs
2014 Average Additional
Costs
2015 Additional Costs
2015 Average Additional
Costs
2016 Additional Costs
2016 Average Additional
Costs
Total Additional Costs
Total Average
Additional Costs

Number and costs
14
$2,264.94
$161.78
$1,780.48
$127.18
$954.70
$68.19
$5,000.12
$357.15

Mitigated County expenses
As in 2016, we were only able to obtain complete maintenance costs for the County for four sites
(Installs 10, 11, 12, and 13). From these data, we calculated an estimated total cost for all installations
over the three years (2014, 2015, and 2016). These data are the best estimates we could obtain from
Beaver County for inputs into the cost-benefit analysis (Table 9).
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Table 9. Estimated total costs for Beaver County to maintain 14 sites annually if pond levellers had not
been installed (mitigated County expenses).
Item
Sum of Total Costs
Number of Sites
Average Cost per Site

Number and costs
$9,799.33
4
$2,449.83

Number of 2014 Sites
Estimated 2014 Site Cost

9
$22,048.49

Number of 2015 Sites
2015 Site Cost

13
$31,847.82

Number of 2016 Sites
2016 Site Cost

14
$34,297.66

Total Number of Sites:
Estimated Total Cost:

14
$34,297.66

Wetland valuation
We digitized the area of all 14 ponds associated with pond levellers. The in-lieu fee rate for all but one
site (Install 9, WPT 102) was $19,388 per ha. The pond at Install 9 was valued at $18,619 per ha as a
compensation rate. Total cumulative valuation over three years (2014, 2015, and 2016) was $325,180.52
(Table 10).
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Table 10 Cumulative relative wetland value assessment for each pond leveller location over three
years (n = 14) as per the 2015 Alberta Wetland Mitigation Directive. In-lieu fee rates are per hectare.
Valuations vary for different wetland categories within the province. Wetland areas (ha) were derived
from onscreen digitizing of high resolution aerial photographs provided by Beaver County (2015).
Item
Total 2014 Valuation:
Number of Sites:
Average Value per Site:

Number
and cost
$72,117.02
9
$8,013.00

Total 2015 Valuation:
Number of Sites:
Average Value per Site:

$123,786.04
13
$9,522.00

Total 2016 Valuation:
Number of Sites:
Average Value per Site:

$129,277.46
14
$9,234.10

Total Valuation:

$325,180.52

Present value net benefit
With wetland valuation and a social discount rate of 3% included in the cost-benefit model, the present
value net benefit resulting from the installation of pond levellers at 14 sites over three years was
$384,312.53 (Table 11).
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Table 11: Full cost-benefit analysis inputs and resultant present value (PV) net benefit for 14 pond
leveller sites over three years (2014, 2015, 2016) in Beaver County, Alberta. Wetland valuation was
included.
Cost-Benefit Analysis

2014
0
$9,539.21
$9,539.21
$2,264.94

2015
1
$4,267.69
$4,143.39
$1,780.48

2016
2
$1,196.41
$1,161.56
$954.70

Sum
$15,003.31
$14,844.16
$5,000.12

$2,264.94

$1,728.62

$926.89

$4,920.45

PV Cumulative Costs

$11,804.15

$5,872.01

$2,088.45

$19,764.61

CV Mitigated County Expenses
CV Wetland Valuation
CV Cumulative Benefits

$22,048.49
$72,117.02
$94,165.51

$31,847.82
$123,786.04
$155,633.86

PV Cumulative Benefits

$94,165.51 $151,100.84 $158,810.79 $404,077.14

PV Net Benefits

$82,361.36 $145,228.83 $156,722.34 $384,312.53

Years:
CV Install Expenses
PV Install Expenses
CV Monitoring and Maintenance Costs
PV Monitoring and Maintenance
Costs

$34,297.66 $88,193.97
$129,277.46 $325,180.52
$163,575.11 $413,374.49

The model without wetland valuation, yet still retaining the 3% social discount rate resulted in a PV net
benefit of $64,632.34. A breakdown of model input is in Table 12.
Table 12. Cost-benefit analysis inputs and resultant present value (PV) net benefit for 14 pond leveller
sites over three years (2014, 2015, and 2016) in Beaver County, Alberta. Wetland valuation was
excluded.
Cost-Benefit Analysis
Years:
CV Install Expenses
PV Install Expenses
CV Monitoring and Maintenance Costs
PV Monitoring and Maintenance Costs
PV Cumulative Costs
CV Mitigated County Expenses
PV Mitigated County Expenses

2014
2015
2016
0
1
2
$9,539.21
$4,267.69
$1,196.41
$9,539.21 $4,143.39 $1,161.56
$2,264.94
$1,780.48
$954.70
$2,264.94 $1,728.62
$926.89
$11,804.15 $5,872.01 $2,088.45
$22,048.49 $31,847.82 $34,297.66
$22,048.49 $30,920.22 $33,298.69

PV Cumulative Benefits
PV Net Benefits

$22,048.49 $30,019.63 $32,328.83 $84,396.95
$10,244.34 $24,147.62 $30,240.38 $64,632.34
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$4,972.31
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3.4. BIODIVERSITY SAMPLING
In 2016, biodiversity sampling included aquatic macroinverbrate sampling and analysis from ponds with
pond levellers, wildlife cameras in four habitat types (native grassland, agricultural, aspen parkland, and
dry mixed-wood boreal sites in upland and wetland locations), and song meters (automatic recording
devices paired with the wildlife cameras). The results of this sampling are below.
Aquatic invertebrates
To date, we have analyzed 246 samples of aquatic macroinvertebrates from the 10 ponds, and have an
additional 59 samples to sort and identify to the lowest possible taxonomic category. Almost 100
samples from 10 installation sites in 2014 and 2015 were analyzed at Red Deer College (by Ms. Charity
Briere). We continue to process the remaining samples from 2016 and 2017 at the University of Alberta.
To date, over 124,747 individuals from 81 taxa have already been identified (Table 13). In all cases, all
individuals have been identified to their lowest possible taxonomic level.
Given ongoing sample identification, comparative analyses are not currently possible. A preliminary
analysis, however, reveals that Daphnia spp. (water fleas) are the most numerous taxon (39,929), with
Amphipoda (amphipoda, 25,247) and Ostracoda (seed shrimp, 16,109) being the next most numerous
taxa. We found three pollution sensitive taxa – Brachycentridae (caddisflies), Plecoptera (stoneflies), and
Ephemeroptera (mayflies) – at three of the sites so far, which indicates areas of high water quality.
Additionally, we found Gammaridae (scuds) and dragonfly and damselfly larvae (Odonata: Libellulidae
and Coenagrionidae, respectively) in several samples, which represent taxa that are moderately tolerant
of pollution (Table 13).
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Table 13. Number of aquatic macroinvertebrate by taxa identified in 11 ponds in Beaver County,
Alberta prior to installation of pond levelling devices from June to August, 2016. Brackets indicate
number of samples analyzed by July 2017. WPT 94 is a site without an installation that can act as a
control.
Taxa
Aeshnidae
Amphipoda
Anthomyiidae
Aphidae
Arrenuridae
Baetidae
Belostomatidae
Brachycentridae
Caenidae
Calanoida
Capniidae
Ceratopogonidae
Chaoboridae
Chironomidae
Coenagrionidae
Coleoptera
Conchostraca
Corduliidae
Corixidae
Crambidae
Culicidae
Curculionidae
Cyclopoida
Daphnia
Dytiscidae
Elmidae
Ephemerellidae
Ephemeridae
Ephemeroptera
Ephydridae
Eremaeidae
Erpobdellidae
Eylaidae
Gammaridae
Gerridae
Glossophoniidae
Gyrinidae
Haliplidae
Hebridae
Hirudinea
Hirudinidae
Hydrachnidae
Hydraenidae
Hydrobiidae
Hydrophilidae
Hydrozoa
Isotomidae
Leptophlebiidae
Lestidae
Libellulidae
Limnephilidae
Limnesiidae
Lumbriculidae
Lycosidae
Lymnaeidae
Mesoveliidae
Naididae
Nematoda
non-Eremaeidae
Notonectidae
Oligochaeta
Ostracoda
Perlidae
Phryganeidae
Physidae
Pionidae
Pisauridae
Planorbidae
Plecoptera
Poduridae
Saldidae
Sialidae
Sperchonidae
Sphaeriidae
Staphylinidae
Stratiomyidae
Syrphidae
Talitridae
Thysanoptera
Tipulidae
Veliidae
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Control Install 3 Install 4 Install 6 Install 8 Install 9 Install 10 Install 11 Install 12 Install 13 Install 14
WPT 94 WPT 67 WPT 76 WPT 100 WPT 101 WPT 102 WPT 144 WPT 140 WPT 177 WPT 179 WPT 7
Grand
Common Name
(15)
(29)
(30)
(18)
(20)
(19)
(35)
(30)
(18)
(17)
(15)
Total
hawkers dragonflies
2
1
3
3
9
amphipods
1319
1957
8027
5226
3545
2
342
80
817
3932
25247
root-maggot flies
11
37
48
aphids
1
1
2
water mite
8
4
8
1
2
23
mayflies
5
23
1
1
2
1
33
giant water bugs
1
1
caddisfly
1
1
2
small squaregill mayfly
2269
72
288
181
56
2
29
1
277
1076
56
4307
copepod
28
3338
1340
43
7
3
153
14
94
21
1509
6550
small winter stoneflies
1
1
biting midges
43
57
50
9
609
42
97
211
222
1340
phantom midges
65
200
295
279
125
3
374
103
140
175
1759
nonbiting midges
1723
1497
852
102
234
48
450
158
120
18
44
5246
damselflies
77
63
164
120
64
7
9
19
38
1
562
beetles
2
2
4
clam shrimp
149
98
73
4
44
280
2
21
671
emerald dragonflies
1
19
1
1
22
water boatmen
90
102
128
85
46
47
489
75
9
8
105
1184
grass moth
9
119
161
115
29
2
1
436
mosquitos
1
2
11
3
1
2
20
"true" weevils
1
6
1
1
18
1
2
4
34
cyclopods
542
3837
1445
545
831
2
1116
187
445
507
59
9516
waterflea
1866
6772
2227
3002
5968
11
8935
1224
3045
3683
3196
39929
predaceous diving beetle
45
131
172
12
59
1
166
55
9
23
20
693
riffle beetles
2
2
spiny crawler mayflies
34
34
mayflies
73
6
14
1
94
mayflies
2
3
3
2
10
shore flies
12
4
45
23
3
25
14
126
oribatid mite
2
6
8
10
2
28
proboscisless leeches
1
6
7
water mites
6
2
5
2
15
scuds
454
732
392
156
31
401
3
201
2370
water striders
11
1
1
15
1
3
3
35
jawless leeches
5
4
5
1
1
41
57
whirligig beetle
2
1
1
4
crawling water beetles
66
73
114
27
45
1
2
9
1
11
8
357
velvet water bug
4
5
9
water mite
46
92
118
27
26
35
40
384
leeches
1
1
2
water mites
24
28
2
7
1
129
191
small aquatic beetles
3
2
1
6
mud snails
3
5
6
14
water scavenger beetle
4
10
1
4
12
21
8
2
2
64
hydrozoas
39
6
22
30
9
12
99
5
9
34
265
springtail
7
7
4
3
2
1
1
1
2
28
prong-gilled mayflies
2
2
spread-winged damselflies
4
4
2
27
37
skimmers
8
60
8
10
5
17
108
case-constructing caddisflies
2
1
1
4
water mite
1
1
2
microdrile oligochaetes
1
2
1
4
wolf spiders
2
1
1
4
pond snail
5
94
11
446
1
35
11
25
16
2
646
water Treaders
19
12
21
2
10
10
1
2
22
99
clitellate oligochaete worms
38
9
9
2
1
1
60
roundworms
1
1
not a oribatid mite
30
112
87
56
3
50
3
11
16
368
backswimmer
1
9
15
9
8
117
2
2
1
164
aquatic worm
10
17
1
34
16
1
9
88
seed shrimp
1323
6126
1862
2410
468
57
3371
62
119
212
99
16109
stoneflies
4
1
5
caddisfly
1
1
2
1
1
6
bladder snail
14
57
59
125
23
22
5
1
4
310
arachnids
9
9
nursery web spiders
1
1
ramshorn snail
191
698
257
164
38
7
457
737
716
124
459
3848
stoneflies
3
3
stout-bodied springtails
1
1
shore bugs
3
3
alderfly
3
9
12
arachnids
1
1
bivalve molluscs
21
1
22
rove beetles
1
1
soldier flies
10
16
3
2
3
34
3
26
1
98
hoverflies
2
2
sandhoppers
60
28
276
2
294
24
76
760
thrips
1
1
1
8
3
14
large crane fly
3
7
18
39
1
14
30
9
8
4
133
riffle bugs
3
48
1
1
1
2
10
1
4
71
Total
10616
26543
18378
12778
12825
250
17573
2761
6525
10232
6256 124737
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Wildlife cameras
From May 27 to July 6, 2016, cameras recorded 625 individual animals from 5 species (coyotes, humans,
moose, mule deer and white-tailed deer) from 24 sites (Figure 24). The camera at NG1 (Kinsella Ranch)
unfortunately was knocked down by cattle that were released into the pasture early. Those images were
lost, but the camera undamaged. When present, we removed photos of humans (n = 56) from the
analysis. Mule deer (Odocoileus hemionus) and white-tailed deer (O. virginianus) were the most
common species (Table 14), with mule deer being the only species recorded in agricultural wetland
habitats (n = 3). Agricultural lands had the lowest count of all habitat types, while the aspen parkland
had the highest (n = 268).

Figure 24. Locations of song meters and wildlife camera installations in Beaver County, Alberta from
May 2016 to July, 2016. NG is natural grassland, and NGW is natural grassland adjacent to wetland.
AG is agricultural land, and AGW is agricultural land adjacent to wetland. AP is aspen parkland, and
APW is aspen parkland adjacent to wetland. B is southern dry mixed-wood boreal, and BW is southern
dry mixed-wood boreal adjacent to a wetland.
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We were surprised to find only one coyote over the entire time period because of the higher number of
coyotes we had detected in previous years (Hood 2016). The 2016 sighting was at an upland boreal site.
In all habitats, wetland sites had the highest number of individuals recorded by the cameras (Table 14),
although moose (Alces alces) at aspen parkland sites were only detected at upland sites.
Table 14. Wildlife species by habitat and camera location in Beaver County, Alberta from 27 May to
July 6, 2016. AG is agricultural land, and AGW is agricultural land adjacent to wetland. AP is aspen
parkland, and APW is aspen parkland adjacent to wetland. B is southern dry mixed-wood boreal, and
BW is southern dry mixed-wood boreal adjacent to a wetland. There were 56 photos of humans.
Numbers in brackets are summaries for the habitat type and are not included in the total to avoid
double-counting.
Habitat and
Coyote
site
Agricultural
AG1
AGW1
Aspen Parkland
AP1
APW1
Grassland
NG1
NGW1
Mixed-wood
1
boreal
B1
1
BW1
Grand Total
1

Moose Mule deer

Unknown White-tailed deer
3

62
62

87
18
69
98
57
41
2

8
3
5
70

2
187

Grand Total

3
72
15
57
16
5
11
27

28
118

(3)
0
3
(268)
123
145
(142)
62
80
(156)

19
8
118

7
111
193

34
124
569

47
28
19
28

Female deer for both species were more common than male deer (Table 15) in grassland and boreal
sites. White-tailed fawns were more common at boreal sites, while mule deer fawns were more
common at grassland sites. There were numerous images of male moose (n= 62) at one aspen site, but it
might be multiple images of the same male. The Leopold camera did not work as hoped and did not
provide any useful images for the project.
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Table 15. Wildlife sightings captured by trail cameras from May to July 2016 in eight locations within
four habitat types within Beaver County (Figure 24). Habitat types include: boreal mixed-wood, aspen
parkland, grassland, and agricultural). Counts are cumulative and will often contain multiple counts of
the same individual(s) over time. Below the total counts, the known distribution of males, females,
yearlings and young of year are in parentheses (M,F,Y,YOY,UNK). Individuals categorized as
“unknown” relative to gender and age class are only included in the total count.
Camera
(habitat)
Camera 1
(grassland)
Camera 2
(grassland)
Camera 3
(boreal)
Camera 4
(boreal)
Camera 5
(aspen)
Camera 6
(aspen)
Camera 7
(agriculture)
Leopold
(agriculture)

Coyote

1
(0,0,0,0,1)
1
(0,0,0,0,1)

Moose

Mule Deer

5
(0,0,2,0,3)
3
(0,0,2,0,1)

41
(1,20,0,0,20)
57
(16,29,0,0,12)
2
(0,0,0,0,2)
2
(0,0,0,0,2)
69
(19,47,0,0,3)
18
(9,3,0,0,6)

62
(62,0,0,0,0)

White-tailed
Deer
28
(0,19,0,0,9)

Unknown
11
5

111
(45,16,9,0,41)
7
(0,7,0,0,0)
19
(14,5,0,0,0)
28
(17,11,0,0,0)

8
19
57
15

3

Song meters and avian communities
Overall, we recorded 80 bird species from 11 orders and 30 families. The full species list is found in
Appendix C. With low sampling from the natural grassland, species richness for that habitat was low
compared to the other habitat types (Table 16). Surprisingly, the agricultural habitat type had a high
average species richness compared to the other habitat types. However, the highest species richness
was found in the boreal habitat, especially the wetland sites. Even if the species richness is similar
between habitat types, the bird species found in each habitat varies considerably. This can be seen in
Appendix D which lists species recorded by habitat type.
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Table 16. Bird species richness by habitat type and sites (tallied for each of the 3 sites, broken down
by wetland/upland, and considering all 3 sites combined).

Natural Grassland
Upland Wetland
24
33
n/a
n/a
n/a
n/a
35

Site
1
2
3
Total

Habitat Type
Boreal
Agriculture
Upland Wetland Upland Wetland
14
34
22
23
21
5
29
23
15
4
21
28
52
51

Aspen Parkland
Upland
Wetland
17
11
20
18
20
28
49

After lumping all upland sites together and all wetland sites together, upland sites had a species richness
of 66 while wetland sites had a species richness of 68. The species for wetland and upland sites are
listed in Appendix E. As can be seen, many species are very commonly recorded, while others have only
a single occurrence.
3.5. ADDITIONAL ACTIVITIES
Over the past year, we have given two presentations relative to this project in part or in entirety (Table
17). Reception to this research has been very positive, particularly relative to the efficacy and costbenefits of the pond levellers for beaver management.
Table 17. Presentations and other coverage of the project.
Date

Venue

Jun 5, 2017

International Wildlife
Conference

Dec 12, 2106

Beaver County Council
Chambers
Natural History
Magazine

Dec 2016

Oct 1, 2016
Jun 23, 2016

June 2017

Presentation
Type
Oral

Oral
Magazine
article

The South Peace News Newspaper
article
Rocky Mountain
Newspaper
Outlook
article

Title

Presenter(s)

What’s old is new again: Costeffective management of
human-beaver conflicts
Update on project

Glynnis Hood (coauthor Varghese
Manaloor)
Anne McIntosh and
Shane Hoveland
Katy Spence
(interviewed G.
Hood)

Natural hydrologists: Beavers
have the unprecedented
ability to mitigate drought, if
people let them
Beavers: pest or protector of
water resources
Parks Canada helping dam
beavers with technology
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Lesser Slave
Watershed Council
Cathy Ellis
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4. DISCUSSION
The purpose of this research was to examine the role of natural habitats in carbon
sequestration/valuation and biodiversity within Beaver County, Alberta. Additionally, this project
continued to assess the economic and ecological efficacy of the one new and 13 previously installed
pond levelers in the County. Although agriculture is a dominant land use in Beaver County, the County
sits in an ecologically dynamic region of the province. To the west are the dry-mixed wood boreal forests
of the Cooking Lake Moraine (Beaver Hills), which are bordered by aspen parkland ecosystems and
Beaverhill Lake (a Ramsar wetland site of international importance). Moving further east in the County,
agricultural lands dominate; however, some native grasslands remain intact. This diversity of ecosystems
provides habitat for many species of native wildlife and plants.
Given the mix of grassland, parkland and boreal habitats, species diversity remains high in some areas.
Some studies have determined that semi-natural habitats within agricultural landscapes aid biodiversity
at local scales (Duflot et al. 2015), but less so at landscape scales. The relationships are complex and vary
with scale and the degree of ecological change. Maintenance or re-establishment of ecological corridors
could help increase biodiversity at multiple scales (Bennett and Merriam 1994); however, gaps remain in
the relationship between spatial ecology and ecosystem function (Mitchell et al. 2013). Increasingly, the
restoration of forest, wetland and grassland habitats have been proposed to enhance carbon storage;
however, the interactions of ecosystem components might be equally important (Ampleman et al.
2013). As such, there is a need to integrate structural connectivity while still considering abiotic factors
beyond our control. Warming climates with unpredictable weather events could alter habitat needs for
various taxa (e.g., plants, invertebrates, birds, mammals). An integrated examination of land use and
ecosystem function at multiple scales allows us to assess various ecosystem services and functions from
different perspectives.
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4.1. CARBON STORAGE POTENTIAL
The CENTURY model provided us with novel estimates about the amount of organic carbon that is being
stored within the upper layer of the soil in the three different habitat types across Beaver County and in
above-ground biomass in grasslands. The highest above-ground biomass levels in the grasslands were
found in the east central and far west portions of the county. We observed a lot of spatial variability in
SOC, with the areas of highest SOC dispersed throughout various portions of the county. These data
provide a baseline for future exploration, but are at a fairly coarse spatial resolution. Interestingly, the
soil core-based data that we collected for the cultivated and grassland sites were consistently higher
than those estimated by the CENTURY model, whereas forests were within the interquartile range for
the modeled organic carbon. It will be worthwhile to collect more soil samples from additional sites
within the county to determine whether the values that we obtained are anomalies or whether the
CENTURY model may be underestimating the amounts of soil organic carbon stored in the county. We
are collecting additional soil cores in summer 2017.
4.2. LANDSCAPE CONNECTIVITY AND BIODIVERSITY
Intactness and species richness
With the help of Alberta Biodiversity Monitoring Institute models of intactness and species richness, we
were able to determine the importance of the protected areas in the western portion of the Beaver
County and the native grasslands to the east (Section 3.2). Although forest and native grassland habitats
are not the dominant land cover in the County, their persistence has allowed for areas with relatively
intact bird and mammal populations. Given the continental loss of grassland ecosystems, special
attention should be given to that particular habitat type within the County. Indeed, the low intactness
and species richness scores for native plant communities reflect the extensive conversion of native
habitats to agriculture throughout much of the County. Of additional concern are the low intactness and
species richness values for the areas where agricultural land use dominants. One advantage in using the
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ABMI data is that their data sets are updated and tracked over time. As such, they can be used to
monitor changes in these habitats over time.
Cost surface rasters
Although these models are based on average values for specific habitats for black-capped chickadees,
coyotes, and beavers, they appear to reflect what we have experienced during our research in Beaver
County. Not surprisingly, coyotes are able to move through many of the habitats within the County. The
reliance of beavers on water bodies and deciduous vegetation tends to limit their distribution to these
habitats. Of interest is how the hedgerows and shrubs along agricultural boundaries appear to serve as
corridors for chickadees. These habitat features might serve as small conduits from the more intact
habitats in the western reaches of the County.
4.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
Efficacy of previous and new pond levellers
Conflicts with beavers are common in areas where human infrastructure and beaver activities overlap;
however, the use of pond levellers have proven effective in reducing the impacts of flooding and
reducing costs to land management agencies (Lisle 2003, Simon 2006). Since 2014, the majority of our
pond levellers have been functioning well, with the exception of one pond leveller that was completely
plugged by beavers and another where the beaver dam was removed and the pond leveller was no
longer effective (Section 3.3). Routine maintenance corrected the problem with the plugged device. In
general, annual monitoring in the spring and late summer/early fall has been sufficient for maintaining
these devices. Given the important role that beavers play in creating wetlands that support high levels
of biodiversity (Rosell et al. 2005, Bromley and Hood 2013, Hood and Larson 2014, Anderson et al.
2015), it is important to apply sustainable management actions at this wetlands.
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Cost-benefit analysis
In addition to helping maintain wetland habitats and human infrastructure, pond levellers have proven
cost-effective over time (Boyles and Savitzky 2008). In our study, the PV net benefit over a three-year
period for 14 pond levellers was $384,313 when wetland valuation and a 3% SDR were included in the
analysis. With wetland valuation removed from the model PV net benefits were still $64,632 over three
years. In a related study, Hood, Manaloor and Dzioba (In Review – revisions submitted) determined
similar benefits in the nearby Cooking Lake/Blackfoot Provincial Recreation Area. Although upfront costs
might seem high, the long-term integrity at most sites makes the use of pond levellers cost-effective.
4.4. BIODIVERSITY MONITORING
During our research we have continued with previous biodiversity monitoring (e.g., aquatic
invertebrates, wildlife cameras) and have added another important component to our research – avian
diversity through the use of ARUs. It is through this research that we aim to provide a broad biological
overview of four major habitat types in the County: native grassland, agriculture, aspen parkland, and
mixed-wood boreal forests. Additionally, the separation of these four habitats types into upland and
wetland sites increases our level of detail and helps us assess the importance of specific habitat features
at smaller scales.
Aquatic invertebrates
Sampling of aquatic macroinvertebrates was conducted only in ponds where pond levellers were
installed. Samples are taken from two to four habitat types within each waterbody immediately before
the installation and then exactly one year following the installation. Within beaver ponds,
macroinvertebrate use of the pond varies with within-pond habitats. For example France (1997)
detected a difference in functional feeding groups adjacent to the lodge relative to other locations in the
pond. Hood and Larson (2014) determined that beaver channels, vegetated edge and open water
habitats in beaver pond often had different invertebrate assemblages. To date we have sampled over
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124,000 individual aquatic invertebrates from 81 different taxa. Once the remaining samples have been
identified and quantified, we will assess whether there is a difference in biodiversity measures before
and after pond levellers were installed. In addition, we will also be able to determine what other
environmental factors might influence invertebrate communities at different sites. This research is
ongoing given the large data set, and the additional work to be done. Our goal is to complete the
analysis by May 2018.
Within the samples we have found three taxa that are indicators of good water quality. Given the extent
of our samples, these data could be used in the future to assess changes in water quality within the
western part of the County. Unfortunately, we lacked the time or funds to sample in water bodies that
lacked pond levellers (to serve as controls), but our research design should allow an assessment of pond
levellers and their influence (if any) on biodiversity.
Wildlife cameras
The use of wildlife cameras is becoming increasingly important for assessing habitat use by wildlife
(Steenweg et al. 2016). Their utility is mainly in the identification of larger wildlife; however, in 2015 we
were able to detect a raccoon (Procyon lotor), which has the potential to becoming increasingly
common in the County. Our current data are showing a trend in habitat use by three ungulates (moose,
mule deer, and white-tailed deer). Mule deer were more common at grassland and parkland sites, while
white-tailed deer were common at mixed-wood boreal sites. Unexpectedly, coyotes were rarely
detected by the cameras, although 223 coyotes were detected in 2015 (Hood 2016). We are not sure
why detection levels were so low, although our cameras were not out as long in 2016. The division of
sampling sites into four habitat types (native grassland, agriculture, aspen parkland, and mixed-wood
boreal) and two sites within those habitats (upland and wetland) will allow us to examine habitatspecific features relative to wildlife occurrences. Although wildlife cameras can be biased towards larger
species, the four species we detected in 2016 are all important species ecologically and recreationally.
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Avian monitoring
ARUs are now regularly used in in biological assessments and conservation (Shonfield and Bayne 2017).
ARUs provide valuable field-based data that are representative of larger blocks of time. However,
analysis of the results depends on reliable researchers to identify and code the data.
We recorded 80 different species on this part of the study. This list included a few fairly uncommon
(e.g., black-billed cuckoo) or species listed as threatened in Canada (olive-sided flycatcher, Sprague’s
pipit). For these threatened species there are threats and circumstances that could, in the future, cause
the species to become endangered. These species deserve special management attention.
Related to the Beaver County bird data, we were expecting higher species richness with wetland sites
than with upland sites (Hvenegaard 2011). The data are inconclusive on this because the natural
grassland ARUs were damaged and the boreal sites are not fully analyzed. However, even with the
agricultural and parkland sites, there is fairly even species richness between wetland and upland sites.
Furthermore, we were expecting lower species richness for agricultural sites than for sites from the
other three habitat types (Hvenegaard 2011). However, we found fairly even species richness among the
boreal, parkland, and agricultural sites. The lack of analyzed sites from the natural grassland habitat
limited the species richness.
4.5. ADDITIONAL ACTIVITIES
The two presentations and four newspaper/magazine articles have increased the profile of Beaver
County locally, provincially, and internationally. As with 2015, the County did not have student assistants
to work on media coverage of the project. As a consequence, there was less coverage by the local
media, but research outcomes were still of interest to provincial and international media. In particular,
the use of pond levellers and our work with beavers was of interest.
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5. CONCLUSIONS AND RECOMMENDATIONS
The past year expanded the research in Beaver County to include carbon storage potential and
landscape connectivity. In addition, the use of ARUs provided valuable data for monitoring birds among
various habitat types and expanded our assessment of biodiversity. We recorded 80 species of birds,
including two listed federally as threatened. Although, as a package the components of this research are
ambitious, they all involve the need for intact natural habitats with moderate to high ecosystem
function. Our assessment of carbon storage potential directly reflects habitat quality within Beaver
County.
Novel findings related to carbon storage potential were that on an individual hectare basis, grasslands
sequestered the most carbon in the upper 20 cm of the soil, with intermediate levels stored in cultivated
lands and forests having by far the lowest below-ground storage levels. However, because the majority
of the land base is covered by cultivated lands, the total amount of carbon stored in the soil is highest in
the cultivated lands, followed by grasslands, with only a very small portion of carbon storage in the small
area of land that is covered by forests. A limitation of the CENTURY model is that it primarily focuses on
measuring SOC and only provides estimates of above-ground biomass for grasslands. Therefore, in
future years we will be exploring additional carbon models that can be used to provide more detailed
information on above-ground carbon storage short-term in cropland and longer-term in forests (e.g.,
Canadian Forest Service Carbon Budget Model). There is a lack of data but a definite need to further
advance our understanding of the potential for carbon storage in different habitat types, including
wetlands, and the ways in which human management of habitat types may influence the capability of
the different lands types to store carbon.
Landscape connectivity within the County is fragmented by the historic conversion of natural habitats to
agricultural lands. Areas with the highest intactness levels and species richness are in the protected
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areas in the western extent of the County and the native grasslands near Viking and Kinsella. The
importance of these habitats cannot be overstated. The County still provides functional (and often high
quality) habitat for mammals and birds; however, native plant communities are less intact or diverse.
Placing some level of conservation or sustainable management on these remaining habitats would help
retain biodiversity in the County. Enhancements could be achieved by strategically addressing corridor
conservation in key areas.
Related to mitigating human-beaver conflicts, we were able to continue the work with pond levellers
that were established in 2014. Despite some minor maintenance for a couple of pond levellers, they are
working as expected and have proven to be cost-effective. We continue to monitor these sites. Our costbenefit analysis would be enhanced with additional cost-accounting data from the County, but it might
not be available at this point. We have worked with the data we have and are confident in our results. If
anything, they are likely conservative given the lack of costs for the use of expensive machinery such as
backhoes.
Biodiversity monitoring expanded in 2016. We continued to sample for aquatic invertebrates at pond
leveller sites and have been working hard to complete the identification and quantification of these
samples. The data set is extensive and will provide interesting insights into aquatic biodiversity in Beaver
County. Wildlife data for 2016 were less temporally extensive, but still revealed some interesting trends
in the use of habitats by mule and white-tailed deer.
Despite some constraints with avian biodiversity monitoring (e.g., some habitats not adequately
sampled due to instrument damage, and some sites not yet analyzed), the bird data show a similar
species richness for each habitat. Further analysis is needed to examine which species are most common
in each of the habitat types. In addition, we will analyze relative abundance among the sites; that is,
some species are fairly common (occurring in each site or time period), while some are only recorded
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once or a few times. Future research is needed to examine the continuous nature of the various habitats
to see the potential of species movements across the landscape. To this end, a M.Sc. student from Royal
Roads University has undertaken a deeper analysis of the bird data to examine differences in
wetland/upland sites and among the four habitat types. Kelsey Bourgeois will use these data for her
Master’s thesis and has already started with bird identification and data input for year one of the
project.
In terms of limitations for the bird data, we subsampled only a small portion of the overall bird song
database, given the limited resources to analyze the data. However, the future may bring fascinating
new bird song identifiers that will remove some of the high labor demands for analysis. We will keep the
digital bird song files stored for that possibility. Furthermore, even though we trained our research
assistants in bird song identification, and requested external help for difficult identifications, there is the
potential for some incorrect identifications (e.g., false positives or false negatives).
Finally, conference and media coverage of this research continues to increase the profile of Beaver
County. The addition of carbon modelling, in particular, will be of interest to others interested in carbon
valuation programs. Additional samples for these models will be collected and analyzed in 2017-2018.
Due to the complexity of modelling carbon in wetlands, we have focused on terrestrial vegetation and
soils. As we analyze and synthesize our data, we will continue to present it a various academic and nonacademic forums.
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APPENDIX A:
AltaLis LTD. FILES USED FOR DEM MODELLING
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Table A1. Digital elevation model (DEM) files used in landscape connectivity modelling for Beaver
County. Files contain three-dimensional spatial ground elevation values collected by LiDAR15 DEM
and were processed into 15-m post spacing. File names refer to NTS map sheets.
File
73D13NE
73D13NW
73D14NW
73E03NW
73E03SW
73E04NE
73E04NW

June 2017

File
73E04SE
73E04SW
73E05SE
73E05SW
83H01NE
83H01NW
83H01SE

File
83H01SW
83H02NE
83H06SE
83H07NE
83H07NW
83H07SE
83H07SW
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83H08NE
83H08NW
83H08SE
83H08SW
83H10SE
83H10SW
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APPENDIX B:
POND LEVELLER CONDITION REPORT FOR MAY 2017
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Before and After Images of All Pond Levelers Installed in Beaver County - 2017
Install 1 (WPT 36)
Before Install:
Install Date: June 18, 2014
Install Costs: $883.37
Additional Costs to Date: $756.49

After Install: May 16, 2017

June 2017

Ecological Sustainability in Rural Landscapes

99

Hood, Hvenegaard, and McIntosh 2017

Install 2 (WPT 63)
Before Install:
Install Date: June 20, 2014
Install Costs: $1172.49
Additional Costs to Date: $716.51

After Install: May 17, 2017
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Install 3 (WPT 67)
Before Install:
Install Date: July 15, 2014
Install Costs: $1013.87
Additional Costs to Date: $845.51

After Install: May 17, 2017
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Install 4 (WPT 76)
Before Install:
Install Date: July 17, 2014
Install Costs: $981.34
Additional Costs to Date: $634.47

After Install: May 16, 2017
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Install 5 (WPT 98)
Before Install:
Install Date: July 30, 2014
Install Costs: $756.33
Additional Costs to Date: $446.12

After Install: May 17, 2017
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Install 6 (WPT 100a -Upstream)
Before Install:
Install Date: August 27, 2014
Install Costs: $1605.55
Additional Costs to Date: $484.16

After Install: May 16, 2017
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Install 7 (WPT 100b - Downstream)
Before Install:
Install Date: August 27, 2014
Install Costs: $975.48
Additional Costs to Date: $343.97

After Install: May 19, 2017
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Install 8 (WPT 101)
Before Install:
Install Date: August 20, 2014
Install Costs: $1073.16
Additional Costs to Date: $456.59

After Install: May 19, 2017
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Install 9 (WPT 102)
Before Install:
Install Date: August 15, 2014
Install Costs: $1077.64
Additional Costs to Date: $475.64

After Install: May 19, 2017
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Install 10 (WPT 144)
Before Install:
Install Date: June 11, 2015
Install Costs: $1196.27
Additional Costs to Date: $293.02

After Install: May 19, 2017
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Install 11 (WPT 140)
Before Install:
Install Date: June 26, 2015
Install Costs: $1024.85
Additional Costs to Date: $403.75

After Install: May 14, 2017
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Install 12 (WPT 177)
Before Install:
Install Date: August 4, 2015
Install Costs: $1059.99
Additional Costs to Date: $297.33

After Install: May 17, 2017
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Install 13 (WPT 179)
Before Install:
Install Date: August 7, 2015
Install Costs: $986.59
Additional Costs to Date: $335.03

After Install: May 17, 2017
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Install 14) WPT 007
Before Install:
Install Date: June 14, 2016
Install Costs: $1196.41
Additional Costs to Date: $189.39

After Install: May 17, 2017
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APPENDIX C:
FULL LIST OF BIRD SPECIES RECORDED DURING DEPLOYMENT OF ARUs IN BEAVER COUNTY IN 2017
SPRING BREEDING SEASON.
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Table C1. Full list of all bird species detected using song meters (ARUs - autonomous recording units)
in four habitat types (native grassland, agriculture, aspen parkland, and boreal) in Beaver County,
Alberta from May 28 to July 6, 2016.
ORDER

Family

Genus

Species

Common Name

Bird Code

ACCIPITRIFORMES

ACCIPITRIDAE

Buteo

jamaicensis

Red-tailed Hawk

RTHA

ACCIPITRIFORMES

ACCIPITRIDAE

Accipiter

striatus

Sharp-shinned Hawk

SSHA

ANSERIFORMES

ANATIDAE

Anas

clypeata

Northern Shoveler

NSHO

ANSERIFORMES

ANATIDAE

Branta

canadensis

Canada Goose

CANG

ANSERIFORMES

ANATIDAE

Aythya

affinis

Lesser Scaup

LESC

ANSERIFORMES

ANATIDAE

Anas

platyrhynchos

Mallard

MALL

ANSERIFORMES

ANATIDAE

Oxyura

jamaicensis

Ruddy Duck

RUDU

ANSERIFORMES

ANATIDAE

Anas

discors

Blue-winged Teal

BWTE

ANSERIFORMES

ANATIDAE

Anas

strepera

Gadwall

GADW

ANSERIFORMES

ANATIDAE

Anas

crecca

Green-winged Teal

GWTE

ANSERIFORMES

ANATIDAE

Anas

americana

American Wigeon

AMWI

CHARADRIIFORMES

CHARADRIIDAE

Charadrius

vociferus

Killdeer

KILL

CHARADRIIFORMES

LARIDAE

Chlidonias

niger

Black Tern

BLTE

CHARADRIIFORMES

LARIDAE

Leucophaeus

pipixcan

Franklin's Gull

FRGU

CHARADRIIFORMES

RECURVIROSTRIDAE

Recurvirostra

americana

American Avocet

AMAV

CHARADRIIFORMES

SCOLOPACIDAE

Calidris

bairdii

Baird's Sandpiper

BASA

CHARADRIIFORMES

SCOLOPACIDAE

Tringa

semipalmata

Willet

WILL

CHARADRIIFORMES

SCOLOPACIDAE

Tringa

flavipes

Lesser Yellowlegs

LEYE

CHARADRIIFORMES

SCOLOPACIDAE

Gallinago

delicata

Wilson's Snipe

WISN

CHARADRIIFORMES

SCOLOPACIDAE

Actitis

macularius

Spotted Sandpiper

SPSA

CUCULIFORMES

CUCULIDAE

Coccyzus

erythropthalmus

Black-billed Cuckoo

BBCU

GALLIFORMES

PHASIANIDAE

Bonasa

umbellus

Ruffed Grouse

RUGR

GRUIFORMES

RALLIDAE

Porzana

carolina

Sora

SORA

GRUIFORMES

RALLIDAE

Fulica

americana

American Coot

AMCO

PASSERIFORMES

BOMBYCILLIDAE

Bombycilla

cedrorum

CEDW

PASSERIFORMES

CARDINALIDAE

Pheucticus

ludovicianus

Cedar Waxwing
Rose-breasted
Grosbeak

PASSERIFORMES

CORVIDAE

Corvus

brachyrhynchos

American Crow

AMCR

PASSERIFORMES

CORVIDAE

Corvus

corax

Common Raven

CORA

PASSERIFORMES

CORVIDAE

Cyanocitta

cristata

Blue Jay

BLJA

PASSERIFORMES

CORVIDAE

Pica

hudsonia

BBMA

PASSERIFORMES

EMBERIZIDAE

Zonotrichia

leucophrys

PASSERIFORMES

EMBERIZIDAE

Spizella

pallida

Black-billed Magpie
White-crowned
Sparrow
Clay-colored
Sparrow

PASSERIFORMES

EMBERIZIDAE

Ammodramus

nelsoni

Nelson's Sparrow

NESP

PASSERIFORMES

EMBERIZIDAE

Ammodramus

leconteii

Le Conte's Sparrow

LCSP

June 2017
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ORDER

Family

Genus

Species

Common Name

Bird Code

PASSERIFORMES

EMBERIZIDAE

Passerculus

sandwichensis

SAVS

PASSERIFORMES

EMBERIZIDAE

Zonotrichia

albicollis

Savannah Sparrow
White-throated
Sparrow

PASSERIFORMES

EMBERIZIDAE

Junco

hyemalis

Dark-eyed Junco

DEJU

PASSERIFORMES

EMBERIZIDAE

Melospiza

georgiana

Swamp Sparrow

SWSP

PASSERIFORMES

EMBERIZIDAE

Pooecetes

gramineus

Vesper Sparrow

VESP

PASSERIFORMES

EMBERIZIDAE

Melospiza

melodia

Song Sparrow

SOSP

PASSERIFORMES

EMBERIZIDAE

Melospiza

lincolnii

Lincoln's Sparrow

LISP

PASSERIFORMES

FRINGILLIDAE

Spinus

tristis

AMGO

PASSERIFORMES

ICTERIDAE

Xanthocephalus

xanthocephalus

PASSERIFORMES

ICTERIDAE

Molothrus

ater

American Goldfinch
Yellow-headed
Blackbird
Brown-headed
Cowbird

PASSERIFORMES

ICTERIDAE

Icterus

galbula

BAOR

PASSERIFORMES

ICTERIDAE

Sturnella

neglecta

PASSERIFORMES

ICTERIDAE

Agelaius

phoeniceus

Baltimore Oriole
Western
Meadowlark
Red-winged
Blackbird

PASSERIFORMES

MIMIDAE

Dumetella

carolinensis

Gray Catbird

GRCA

PASSERIFORMES

MOTACILLIDAE

Anthus

spragueii

SPPI

PASSERIFORMES

PARIDAE

Poecile

atricapillus

PASSERIFORMES

PARULIDAE

Setophaga

pensylvanica

Sprague's Pipit
Black-capped
Chickadee
Chestnut-sided
Warbler

PASSERIFORMES

PARULIDAE

Setophaga

petechia

Yellow Warbler

YEWA

PASSERIFORMES

PARULIDAE

Oporornis

agilis

Connecticut Warbler

CONW

PASSERIFORMES

PARULIDAE

Seiurus

aurocapilla

OVEN

PASSERIFORMES

PARULIDAE

Geothlypis

trichas

PASSERIFORMES

PARULIDAE

Setophaga

coronata

Ovenbird
Common
Yellowthroat
Yellow-rumped
Warbler

PASSERIFORMES

PARULIDAE

Setophaga

tigrina

Cape May Warbler

CMWA

PASSERIFORMES

PARULIDAE

Oreothylpis

peregrina

Tennessee Warbler

TEWA

PASSERIFORMES

PARULIDAE

Cardellina

canadensis

Canada Warbler

CAWA

PASSERIFORMES

PARULIDAE

Setophaga

ruticilla

American Redstart

AMRE

PASSERIFORMES

PASSERIDAE

Passer

domesticus

HOSP

PASSERIFORMES

REGULIDAE

Regulus

calendula

House Sparrow
Ruby-crowned
Kinglet

PASSERIFORMES

STURNIDAE

Sturnus

vulgaris

European Starling

EUST

PASSERIFORMES

TROGLODYTIDAE

Troglodytes

aedon

House Wren

HOWR

PASSERIFORMES

TURDIDAE

Turdus

migratorius

American Robin

AMRO

PASSERIFORMES

TURDIDAE

Catharus

ustulatus

SWTH

PASSERIFORMES

TYRANNIDAE

Contopus

cooperi

Swainson's Thrush
Olive-sided
Flycatcher

PASSERIFORMES

TYRANNIDAE

Empidonax

minimus

Least Flycatcher

LEFL
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ORDER

Family

Genus

Species

Common Name

Bird Code

PASSERIFORMES

TYRANNIDAE

Empidonax

alnorum

Alder Flycatcher

ALFL

PASSERIFORMES

VIREONIDAE

Vireo

gilvus

Warbling Vireo

WAVI

PASSERIFORMES

VIREONIDAE

Vireo

olivaceus

Red-eyed Vireo

REVI

PELECANIFORMES

ARDEIDAE

Botaurus

lentiginosus

American Bittern

ABMI

PICIFORMES

PICIDAE

Picoides

villosus

Hairy Woodpecker

HAWO

PICIFORMES

PICIDAE

Colaptes

auratus

NOFL

PICIFORMES

PICIDAE

Dryocopus

pileatus

Northern Flicker
Pileated
Woodpecker

PICIFORMES

PICIDAE

Picoides

pubescens

Downy Woodpecker

DOWO

PODICIPEDIFORMES

PODICIPEDIDAE

Podiceps

grisegena

Red-necked Grebe

RNGR

PODICIPEDIFORMES

PODICIPEDIDAE

Podilymbus

podiceps

Pied-billed Grebe

PBGR

STRIGIFORMES

STRIGIDAE

Bubo

virginianus

Great Horned Owl

GHOW

STRIGIFORMES

STRIGIDAE

Asio

otus

Long-eared Owl

LEOW
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APPENDIX D:
BIRD SPECIES OCCURRENCE BY HABITAT TYPE (AG = AGRICULTURAL, NG = NATURAL GRASSLAND, AP =
ASPEN PARKLAND; B = BOREAL).
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Table D1. Full list of all bird species (using 4 letter Bird Codes – Table C1) detected using song meters
(ARUs - autonomous recording units) in four habitat types (NG – native grassland, AG – agriculture, AP
– aspen parkland, and B – boreal) in Beaver County, Alberta from May 28 to July 6, 2016.

June 2017

Habitat

Species

Habitat

Species

Habitat

Species

Habitat

Species

AG

ABMI

NG

AMAV

AP

ALFL

B

AMAV

AG

AMCO

NG

AMCO

AP

ABMI

B

AMCO

AG

AMCR

NG

AMCR

AP

AMCO

B

AMCR

AG

AMGO

NG

AMGO

AP

AMCR

B

AMRE

AG

AMRO

NG

AMRO

AP

AMGO

B

AMRO

AG

AMWI

NG

AMWI

AP

AMRO

B

AMWI

AG

BAOR

NG

BBCU

AP

AMWI

B

BAOR

AG

BBMA

NG

BBMA

AP

BAOR

B

BASA

AG

BCCH

NG

BCCH

AP

BBMA

B

BBCU

AG

BHCO

NG

BHCO

AP

BCCH

B

BCCH

AG

BLTE

NG

CANG

AP

BHCO

B

BHCO

AG

BWTE

NG

CCSP

AP

BLJA

B

BLJA

AG

CANG

NG

CORA

AP

BLTE

B

BLTE

AG

CCSP

NG

DOWO

AP

CANG

B

CANG

AG

CEDW

NG

GADW

AP

CCSP

B

CAWA

AG

CORA

NG

GRCA

AP

CEDW

B

CCSP

AG

COYE

NG

HOSP

AP

CORA

B

CEDW

AG

DEJU

NG

HOWR

AP

COYE

B

CMWA

AG

DOWO

NG

KILL

AP

CSWA

B

CONW

AG

EUST

NG

LEFL

AP

DOWO

B

CORA

AG

GADW

NG

MALL

AP

GADW

B

COYE

AG

GRCA

NG

NOFL

AP

GRCA

B

CSWA

AG

GWTE

NG

NSHO

AP

HOSP

B

DOWO

AG

HOWR

NG

PBGR

AP

HOWR

B

FRGU

AG

KILL

NG

RBGR

AP

LCSP

B

GADW
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Habitat

Species

Habitat

Species

Habitat

Species

Habitat

Species

AG

LCSP

NG

RCKI

AP

LEFL

B

GHOW

AG

LEFL

NG

REVI

AP

LEOW

B

GRCA

AG

LESC

NG

RUGR

AP

LISP

B

GWTE

AG

LEYE

NG

RWBL

AP

MALL

B

HAWO

AG

LISP

NG

SORA

AP

NESP

B

HOWR

AG

MALL

NG

SOSP

AP

NOFL

B

KILL

AG

NESP

NG

VESP

AP

NSHO

B

LCSP

AG

NSHO

NG

WISN

AP

OVEN

B

LEFL

AG

OSFL

NG

WTSP

AP

RBGR

B

LISP

AG

REVI

NG

YEWA

AP

RCKI

B

MALL

AG

RTHA

AP

RWBL

B

NSHO

AG

RUDU

AP

SAVS

B

OVEN

AG

RWBL

AP

SORA

B

PIWO

AG

SAVS

AP

SOSP

B

RBGR

AG

SORA

AP

SPPI

B

REVI

AG

SOSP

AP

SWSP

B

RNGR

AG

TEWA

AP

VESP

B

RUGR

AG

VESP

AP

WAVI

B

RWBL

AG

WAVI

AP

WEME

B

SORA

AG

WCSP

AP

WILL

B

SOSP

AG

WEME

AP

WISN

B

SPSA

AG

WILL

AP

WTSP

B

SSHA

AG

WISN

AP

YEWA

B

SWTH

AG

WTSP

AP

YHBL

B

WISN

AG

YEWA

B

WTSP

AG

YHBL

B

YEWA

B

YRWA

Total

June 2017
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APPENDIX E:
BIRD SPECIES OCCURRENCE IN UPLAND AND WETLAND AREAS
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Table E1. Full list of all bird species detected using song meters (ARUs - autonomous recording units)
in upland and wetland habitat types in Beaver County, Alberta from May 28 to July 6, 2016.
Upland or Wetland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland

June 2017

Bird Code
ALFL
AMAV
AMCO
AMCR
AMGO
AMRE
AMRO
AMWI
BAOR
BASA
BBMA
BCCH
BHCO
BLJA
BLTE
CANG
CCSP
CEDW
CMWA
CONW
CORA
COYE
CSWA
DOWO
EUST
GADW
GHOW
GRCA
HAWO
HOSP
HOWR
KILL
LCSP
LEFL
LEOW
LEYE
LISP
MALL

# Individuals
3
5
7
61
10
2
20
3
2
2
28
13
8
5
1
14
99
3
1
4
19
4
9
3
1
3
1
17
1
2
80
9
11
58
2
1
4
5

Common Name
Alder Flycatcher
American Avocet
American Coot
American Crow
American Goldfinch
American Redstart
American Robin
American Wigeon
Baltimore Oriole
Baird's Sandpiper
Black-billed Magpie
Black-capped Chickadee
Brown-headed Cowbird
Blue Jay
Black Tern
Canada Goose
Clay-colored Sparrow
Cedar Waxwing
Cape May Warbler
Connecticut Warbler
Common Raven
Common Yellowthroat
Chestnut-sided Warbler
Downy Woodpecker
European Starling
Gadwall
Great Horned Owl
Gray Catbird
Hairy Woodpecker
House Sparrow
House Wren
Killdeer
Le Conte's Sparrow
Least Flycatcher
Long-eared Owl
Lesser Yellowlegs
Lincoln's Sparrow
Mallard
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Upland or Wetland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Upland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland

June 2017

Bird Code
NESP
NOFL
NSHO
OVEN
PBGR
PIWO
RBGR
RCKI
REVI
RTHA
RUGR
RWBL
SAVS
SORA
SOSP
SPPI
SSHA
SWTH
TEWA
VESP
WAVI
WCSP
WEME
WILL
WISN
WTSP
YEWA
YRWA
ALFL
AMAV
ABMI
AMCO
AMCR
AMGO
AMRE
AMRO
AMWI
BAOR
BBCU
BBMA
BCCH
BHCO

# Individuals
10
1
1
1
1
3
5
1
11
2
2
48
18
102
14
2
1
2
3
33
19
1
9
1
53
28
94
1
6
2
10
33
58
10
1
15
13
1
2
32
10
14

Common Name
Nelson's Sparrow
Northern Flicker
Northern Shoveler
Ovenbird
Pied-billed Grebe
Pileated Woodpecker
Rose-breasted Grosbeak
Ruby-crowned Kinglet
Red-eyed Vireo
Red-tailed Hawk
Ruffed Grouse
Red-winged Blackbird
Savannah Sparrow
Sora
Song Sparrow
Sprague's Pipit
Sharp-shinned Hawk
Swainson's Thrush
Tennessee Warbler
Vesper Sparrow
Warbling Vireo
White-crowned Sparrow
Western Meadowlark
Willet
Wilson's Snipe
White-throated Sparrow
Yellow Warbler
Yellow-rumped Warbler
Alder Flycatcher
American Avocet
American Bittern
American Coot
American Crow
American Goldfinch
American Redstart
American Robin
American Wigeon
Baltimore Oriole
Black-billed Cuckoo
Black-billed Magpie
Black-capped Chickadee
Brown-headed Cowbird
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Upland or Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland

June 2017

Bird Code
BLJA
BLTE
BWTE
CANG
CAWA
CCSP
CEDW
CONW
CORA
COYE
CSWA
DEJU
DOWO
FRGU
GADW
GHOW
GRCA
GWTE
HOSP
HOWR
KILL
LCSP
LEFL
LESC
LISP
MALL
NESP
NOFL
NSHO
OSFL
OVEN
PBGR
PIWO
RBGR
RCKI
REVI
RNGR
RUDU
RUGR
RWBL
SAVS
SORA

# Individuals
4
13
1
19
1
105
3
1
16
26
2
1
3
1
13
1
5
3
2
32
19
28
11
1
10
15
15
1
14
1
1
1
1
4
1
7
5
3
3
71
45
105

Common Name
Blue Jay
Black Tern
Blue-winged Teal
Canada Goose
Canada Warbler
Clay-colored Sparrow
Cedar Waxwing
Connecticut Warbler
Common Raven
Common Yellowthroat
Chestnut-sided Warbler
Dark-eyed Junco
Downy Woodpecker
Franklin's Gull
Gadwall
Great Horned Owl
Gray Catbird
Green-winged Teal
House Sparrow
House Wren
Killdeer
Le Conte's Sparrow
Least Flycatcher
Lesser Scaup
Lincoln's Sparrow
Mallard
Nelson's Sparrow
Northern Flicker
Northern Shoveler
Olive-sided Flycatcher
Ovenbird
Pied-billed Grebe
Pileated Woodpecker
Rose-breasted Grosbeak
Ruby-crowned Kinglet
Red-eyed Vireo
Red-necked Grebe
Ruddy Duck
Ruffed Grouse
Red-winged Blackbird
Savannah Sparrow
Sora
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Upland or Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland

June 2017

Bird Code
SOSP
SPSA
SWSP
SWTH
VESP
WAVI
WEME
WILL
WISN
WTSP
YEWA
YHBL

# Individuals
32
2
7
1
65
5
11
3
56
18
53
9

Common Name
Song Sparrow
Spotted Sandpiper
Swamp Sparrow
Swainson's Thrush
Vesper Sparrow
Warbling Vireo
Western Meadowlark
Willet
Wilson's Snipe
White-throated Sparrow
Yellow Warbler
Yellow-headed Blackbird
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