Natural goods and services in a mixed-use landscape

Final Report

Glynnis A. Hood, Principal Investigator
Glen T. Hvenegaard and Anne McIntosh, Co-investigators
In collaboration with
Carbon Modeling: Majid Iravani, Alberta Biodiversity Monitoring Institute, Bird ARU data analysis:
Kelsey Bourgeois, Extensive assistance with data gathering, identification and data compilation:
Research Associates: Wyatt Beach, Emily Gross, and Jordan Nakonechny
Department of Science, Augustana Campus
University of Alberta,
Camrose, Alberta, T4V 2R3

Prepared for
Beaver County

November 30, 2018
©2018, Hood, Hvenegaard and McIntosh, University of Alberta

Natural goods and services in a mixed-use landscape

Final Report

Glynnis A. Hood, Principal Investigator
Glen T. Hvenegaard and Anne McIntosh, Co-investigators
In collaboration with
Carbon Modeling: Majid Iravani, Alberta Biodiversity Monitoring Institute, Bird ARU data analysis:
Kelsey Bourgeois, Extensive assistance with data gathering, identification and data compilation:
Research Associates: Wyatt Beach, Emily Gross, and Jordan Nakonechny
Department of Science, Augustana Campus
University of Alberta,
Camrose, Alberta, T4V 2R3

Prepared for
Beaver County

November 30, 2018
©2018, Hood, Hvenegaard and McIntosh University of Alberta

EXECUTIVE SUMMARY
This main goal of this research is to assess ecological sustainability in a mixed-use landscape by applying
a multi-faceted research approach to provide a broad understanding of the interface between landscape
connectivity, biodiversity, carbon storage potential, and mitigations for wildlife conflicts. Over the past
few years, researchers from the University of Alberta’s Augustana campus have worked closely with
Beaver County to provide ecological, economic and social analyses to aid the County in meeting its
current management needs, while preparing it for a changing regulatory landscape relative to ecological
challenges. Research discussed in this report covers a four-month field season (May – August, 2017),
with additional lab and field work continuing to March 2018. Some of the data presented in this
document complement data from previous research we conducted in Beaver County, beginning in 2014.
One aspect of the project that was new this year was the creation of a Nature Hotspots tool for the
Beaver County website. Given the size of several of the data sets, some data analysis is ongoing and will
be presented in academic papers and public forums over the next few years.
Increasingly all levels of government are responsible for limiting carbon outputs and, in some cases,
working with a carbon tax model. To quantify the ecosystem service of carbon storage potential in
Beaver County within each of the three 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 = 74.4 ton/ha), followed by cultivated
lands (55.0 ton/ha), with forests storing the least amount (43.4 ton/ha). Total SOC storage in the upper
soil was greatest in cultivated lands (71.4%), followed by grasslands (22.6%), with only a small portion
(6.0%) stored in forest soils. Grasslands had almost 520% more carbon stored in their above-ground
biomass compared with the total amount of carbon stored below-ground among the three habitats.

Several of the foundational data sets from our research complement each other. As in previous years,
we used existing land cover data to provide a baseline for analysis. The County is comprised extensively
of agricultural lands; however, intact natural grasslands and forest habitats exist throughout. These
natural habitats are important features in carbon storage and provide important habitats for many
species of mammals and birds. In modelling wildlife use of the County, natural grasslands had higher
densities of all species of wildlife detected on wildlife cameras. In particular, the wetlands in natural
grassland habitats were important for moose, deer and coyotes. Intact grassland habitats facilitated the
movement of large terrestrial mammals, as predicted by least-cost path analyses. In one scenario, the
predicted path an animal would need to move from one natural grassland patch to a more distant one
was over 10 km longer than a straight-line distance if no barriers to movement (e.g., roads, open fields,
developed areas) existed. This finding highlights the need to keep even small patches of natural habitat
available to use as stepping stones for wildlife movement across the landscape.
Forested habitats, although not extensive in the County, also had some of the highest densities of
wildlife (excluding mule deer). Moose and white-tailed deer densities were especially high in these
habitats (along with natural grasslands in the southeast reaches of the County). As part of the UNESCO
Beaver Hills Biosphere, the quality of habitat in the northwestern section of the County within the
Cooking Lake Moraine is encouraging. No least-cost path modelling was done to simulate movement in
these habitats, but the models and data sets are now developed and could easily be adapted to other
parts of the County. Not only do movement models help identify wildlife corridors, they can also
highlight areas with high potential for wildlife-vehicle collisions.
Wetland habitats also proved to be important features in our research. Unfortunately, in areas with high
beaver densities, these wetlands are often drained when beaver dams are removed to address flooding
of infrastructure. Since 2014, we have installed 14 pond levellers in Beaver County to help mitigate

flooding by beavers and reduce human-beaver conflicts more generally. Some minor maintenance was
needed on a couple of pond levellers, but most were functioning as intended. One site (Install 8) was
working in May 2017, but soon thereafter the road was flooding and, despite numerous visits, we were
unable to find the pond leveller. There is no record of its removal by the County; however, the
seemingly complete disappearance of 40 ft. of pipe and a 4-ft. high metal cage is perplexing and further
investigation is warranted. Despite this particular issue, we are satisfied with most of the other
installations and have found that chronically flooded sites are now dry. No new pond levellers were
installed in the 2017 /2018 project year.
As in other years, we updated the cost-benefit analysis to estimate the net costs or benefits resulting
from the installation of 14 pond levellers over four years. The full cost-benefit model (including wetland
valuation and a social discount rate of 3%), resulted in a present value (PV) net benefit (“savings”) of
$540,648 in management costs for the 14 pond-leveller sites over four years (2014, 2015, 2016 and
2018). When wetland valuation was removed from the analysis, the PV net benefit for the County was
$94,486. As found in similar studies, there are significant savings to Beaver County in maintenance and
repair costs to infrastructure damaged by flooding caused by beaver activities when pond levellers are
used. In future years, we recommend the ongoing maintenance and monitoring of these devices to keep
them working over the long-term.
Building on our past research in Beaver County, we continued to assess multi-taxa biodiversity by
sampling aquatic macroinvertebrates from ponds with pond leveller installations, identifying wildlife
(mainly mammals) via wildlife cameras, and quantifying bird populations through the use of
Autonomous Recording Units (ARUs, “song meters”). For the latter two, we sampled within four habitat
types (agricultural, grassland, boreal, and aspen parkland) and then within the upland and wetland
habitats in each habitat type. In March 2018, we completed the final identification of all remaining

aquatic invertebrate samples, which resulted in the classification of over 195,500 individuals from 90
taxa. As noted in previous years, we found three taxa – Brachycentridae (caddisflies), Plecoptera
(stoneflies), and Ephemeroptera (mayflies) that are pollution intolerant, which indicates that there are
areas with high water quality in the County. Preliminary analysis also indicates that community
composition has shifted in most ponds one year following the installation of a pond levellers. Given the
size of the data sets, data analysis is ongoing.
During the summer of 2017, our wildlife cameras captured 15 species of wildlife, and three species of
domestic animals (cattle, dogs and horses). Domestic wildlife were excluded from all analyses. There
were 3,347 individual photographs, some of which are of the same individuals (which we report in our
research notes as photographs are assessed). White-tailed deer were most numerous, followed by mule
deer and then moose. Several species only had one individual photograph over the study period (blackbilled magpie, common raven, dragonfly, porcupine, red-winged blackbird, striped skunk, and yellowheaded blackbird). Wetland habitats in natural grasslands and forested habitats had some of the highest
counts, while agricultural grasslands had the lowest.
The ARUs proved to be very effective at generating large data sets that allowed for detailed assessments
of bird communities in the County. ARUs were placed at the same locations as the cameras. We
recorded 110 species (not including unknowns) from 15 orders and 35 families. Species richness was
highest for natural grassland sites, followed by aspen parkland, boreal, and agricultural habitats. Upland
habitats had an average of 63.0 species, and wetland habitats had an average of 61.3 species. As with
other wildlife, natural grasslands were critical habitats for bird species. Three uncommon species
identified this year were: western wood-pewee, yellow rail, and bobolink. These data are being used for
a MSc project by Kelsey Bourgeois at Royal Roads University (Dr. Hvenegaard as primary supervisor).
Data analyses are ongoing.

Finally, we developed a Nature Hotspots tool that has been posted on the Beaver County website since
Fall 2017. This interactive tool allows county residents and visitors to discover some of the outstanding
natural attractions in Beaver County. This feature aims to provide more information about publically
accessible nature areas in the County and, as such, increase nature-based tourism in the area.
As in previous years, we have also presented some aspects of this research in various venues, including
at academic conferences and to Beaver County Council. We will continue to promote this research as
data analyses are completed. We appreciate the leadership provided by Beaver County in helping to
initiate this research and the support it has provided over the years.
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1. INTRODUCTION
In collaboration with Beaver County, we designed and conducted multi-faceted research to quantify and
highlight key aspects of environmental sustainability in the County. In particular, we calculated carbon
sequestration potential in the cultivated, grassland and forested areas, provided an overview of
biodiversity potential and ecological connectivity, assessed the efficacy of alternative approaches to
human-beaver conflicts, collected and quantified biodiversity measures from various taxonomic groups,
and developed an interactive web-tool to highlight natural areas of interest to county residents and
visitors. Together, these research products continue to provide a quantitative overview of Beaver
County’s ecological sustainability and the ecosystem services that are being provided within this
landscape in order to aid science-based management of environmental challenges and opportunities
within this important region of east-central Alberta. This work represents a continuation of earlier
research for Beaver County (e.g., Hood and Yarmey 2015, Hood 2016, Hood, Hvenegaard and McIntosh
2017) and builds on multi-year datasets.
Traditionally, natural resource management was within federal and provincial jurisdiction; however,
many of these responsibilities are now shared with municipalities and non-governmental organizations
(Armitage 2005, Mitchell 2015, Adams 2016). For example, wildlife management was conventionally
managed by provincial agencies, but now requires increased municipal administration, especially
relative to human-wildlife conflicts (Hood and Yarmey 2015). This transfer of responsibility can challenge
differing levels of expertise and resources at the municipal level to address more complex
environmental challenges (Dietz et al. 2003). A collaborative approach at all levels of government is
required as landscape-level analyses allow an increased focus on maintenance of important habitat and
movement corridors at various scales, while concurrently addressing broader issues, such as climate
change. Over wide areas, the forests, wetlands and grasslands that aid in carbon sequestration also
provide important habitats for wildlife (Jantz et al. 2014) and recreational opportunities for people. In
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many cases, partnerships with universities and other research groups can provide necessary data for
management and policy decisions. Ultimately, a combination of synergistic datasets and various levels of
expertise can aid our understanding of how to increase biodiversity at local and regional scales (Myers
et al. 2000, Pimm et al. 2014), mitigate human-wildlife conflicts (Bergstrom et al. 2014), and advance
current and pending environmental policies in an economically strategic manner.
1.1. CARBON STORAGE POTENTIAL
Current provincial and federal climate change programs have direct implications for financial incentives
relative to carbon storage potential at local and regional levels (Anderson et al. 2014). Emerging carbon
taxation and climate change initiatives have inspired novel assessments of how carbon offsets could be
quantified relative to agriculturally intensive lands, with agricultural shelterbelts providing carbon
storage beyond expected levels (Baah-Acheamfour et al. 2015, Beyhan et al. 2016). Other agricultural
initiatives, such as increasing forage for cattle (Kulshreshtha et al. 2017) and land conversions (ChaplinKramer et al. 2015), provide mixed results relative to carbon storage. In Alberta, current initiatives are in
place to examine how financial incentives might aid wetland conservation to address multiple ecological
goals (Weber et al. 2017), which also recognize the value of restored and constructed wetlands (Mitsch
et al. 2014). Similar programs such as those based on the transfer of development credits, are also being
applied in various Alberta municipalities to help retain natural goods and services derived from intact
natural areas (Kwasniak 2004, Weber and Arnot 2007).
Within Beaver County, forested and natural grassland areas provide important contributions to carbon
storage (Hood, Hvenegaard and McIntosh 2017); therefore, having an understanding of current forest
cover is important for ongoing resource assessments (Zheng et al. 2013, Asante and Armstrong 2016).
Combined with ongoing remote sensing data (e.g., orthophotos, LiDAR; Willis 2015), our field
assessments within the County facilitate recalibration of existing carbon sequestration estimates.
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As in previous years, we applied the CENTURY Model to model carbon storage potential in agricultural,
natural grassland, forest and mixed-wood areas (https://www.nrel.colostate.edu/projects/CENTURY/).
This model further allows for a soil-based assessment of carbon and nutrient cycling in each land-cover
type (Oelbermann et al. 2017), thus allowing a quantification of carbon storage potential for the County
and mapping of important ecological areas that contribute more broadly to ecological processes that
work synergistically (sensu “ecosystem service bundles”, Raudsepp-Hearne et al. 2010).
1.2. LANDSCAPE CONNECTIVITY
Ultimately, areas with high levels of carbon sequestration potential, facilitated by intact vegetation
communities, tend to have higher degrees of landscape connectivity and biodiversity. Conversely, loss of
connectivity results in loss of biodiversity and lower ecological resilience (Andrén 1994, Fahrig 1997,
Fahrig 2003). Broad-scale enterprises, such as the Yellowstone to Yukon Conservation initiative, work
towards transboundary connectivity across an extensive area (Chester 2003); however, depending on
the home range of an organism, movements can be facilitated by small, but strategically placed habitat
patches across a landscape.
In nearby Camrose County, intact wetlands and riparian forests on agricultural lands appear to provide
ecological stepping stones for various mammal species in winter (Nelner and Hood 2011). Other studies
have also determined the importance of intact, connected forest patches on agricultural lands for
wildlife movements (Middleton et al. 1983, Henderson et al. 1985, Taylor et al. 1993, Bennett and
Merriam 1994). An improved understanding of the interface between natural and anthropogenic
landscapes allows for more effective restoration programs in areas targeted for increased biodiversity
(Hobbs et al. 2009). Landscape-level assessments are facilitated by advances in geographic information
systems (GIS) and increased access to open source and remote sensing data.
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1.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
Human-wildlife conflicts involve what ecologists often call “wicked problems” – problems for which
there are rarely simple solutions, and associated management requires both social and ecological
expertise (Bruggers et al. 2002, Fall and Jackson 2002, Baruch-Mordo et al. 2013). These problems are
particularly exacerbated when human-wildlife interactions are based in a complex mix of social
perceptions of environment, environmental ethics, and basic economic considerations (Baral et al.
2013). Beavers are a common species involved in such interactions (Taylor and Singleton 2014, Hood et
al. 2018), yet the use of flow devices to reduce/eliminate flooding by beavers has proven effective in
many areas (Nolte et al. 2000, Jensen et al. 2001, Lisle 2003, Hood et al. 2018).
Since 2014, our research team has installed pond levellers to help mitigate human-beaver conflicts
within Beaver County (Hood and Yarmey 2015, Hood 2016, Hood, Hvenegaard and McIntosh 2017).
Their placement in the dam at the desired water level for the pond allows for predictable water levels in
areas previously susceptible to flooding by beavers. In the adjacent Cooking Lake/Blackfoot Provincial
Recreation Area, a cost-benefit analysis determined that the devices resulted in significant savings to
Alberta Parks over several years (Hood et al. 2018). These emerging management approaches not only
mitigate damage to human property, they also allow for the persistence of sensitive species and
important ecological processes and services (e.g., water storage, carbon sequestration). Wetland loss
through the complete draining of beaver ponds has consequences for carbon storage (Mitsch et al.
2015), the loss of biodiversity (Brown et al. 1994, Wright et al. 2002), and their role in the hydrological
cycle (Westbrook et al. 2006, Hood and Bayley 2008). Proving the value of the conserved sites through
quantification of landscape features and their associated ecological and economic values can build
additional support for such management approaches.
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1.4. BIODIVERSITY MEASURES
Various measures have been developed to quantify biodiversity at different spatial scales (Morris et al.
2014). At its most basic, counting the number of native species in an area (species richness) provides an
idea of the health of the ecosystem. Combined with the number of individuals per species (abundance),
more sophisticated measures provide a more nuanced understanding of the resilience of these systems
to environmental perturbations and landscape change (Morris et al. 2014). These metrics also allow for
the identification of important habitats and biodiversity hotspots.
Researchers use various methods to locate and identify flora and fauna for broader assessments of
biodiversity, which can then be incorporated into broader analyses or conservation initiatives (Ceballos
and Ehrlich 2006). For mammals, trail cameras provide important data that allow for more extensive
timeframes and spatial extents than one-time surveys (Steenweg et al. 2016). For birds and amphibians,
song meters (autonomous recording units – ARUs) have been instrumental in supplementing traditional
point-count surveys that are limited in space and time (Shonfield and Bayne 2017). Both methods can be
data intensive; however, the ARU results are often more representative of the true complement of
species in an area. Similarly, aquatic invertebrates are also used to measure biodiversity in wetland
systems (Hood and Larson 2014). Together, the combined datasets allow for a multi-taxa assessment of
the health of an ecosystem.
1.5. NATURE HOTSPOTS TOOL
In areas with high biodiversity, nature tourism can provide significant economic inputs into local
economies. At Point Pelee National Park in Ontario, bird watchers in 1987 spent $5.4 million, more than
half of which was spent in the closest community to the park (Hvenegaard et al. 1989). Increasingly,
internet-based tools allow for publically available map-based assessments of natural areas of special
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value to the public (Tyrväinen 2007). These tools also help increase awareness of special natural
attractions in areas less known to tourists, thus promoting nature-based tourism in rural areas.
1.6. GOALS AND OBJECTIVES
The purpose of this research is to examine the role of natural habitats in carbon sequestration/valuation
and biodiversity within Beaver County, Alberta (i.e., ecosystem services). Additionally, this research
assesses the economic and ecological efficacy of previously installed pond levelers at 14 locations in the
County. The objectives of this project are to: 1) update ongoing land-cover data sets to advance models
that assess the carbon storage potential of specific areas within the County, 2) develop and field test a
GIS-based management tool to identify areas where there is potential for high levels of landscape
connectivity and wildlife densities, 3) assess and test the economic and ecological effectiveness of
existing pond-levelling devices; 4) measure biodiversity metrics at long-term research sites and then
relate these measures back to adaptive management approaches and, 5) develop a “Nature Hotspots”
page for the Beaver County website to aid public engagement and awareness.
1.7. REPORT ORGANIZATION
This report follows the order of the research objectives outlined in Section 1.6. The results provided
represent a year-long study from May 2017 to April 2018, during which time data were gathered,
cleaned, and analyzed. Section 2 provides a description of the study area and all methods used to
address each of the five objectives. In Section 3, the report presents research results for each of the
objectives. Some results remain preliminary because of the complexity of data cleaning and analysis.
Any peer-reviewed papers resulting from this research will be provided to Beaver County upon
publication. Section 4 includes the discussion, in which the results are put in context of other research.
In Section 5, we present the overall conclusions and recommendations, while Section 6 provides all
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references cited in the report. The Appendices include supporting material mentioned in the main body
of the report.
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2. METHODS
2.1. STUDY AREA
Beaver County (3,317.57 km²) is a municipality in east-central Alberta that includes the southern dry
mixed-wood forest within the Cooking Lake Moraine (CLM) on its western extent and prairie parkland
and natural grasslands elsewhere (Figure 1). There are also extensive agricultural lands throughout the
County. Parts of Divisions 1 and 2 are within UNESCO’s Beaver Hills Biosphere and represent an area
that highlights sustainable use within a lived landscape while facilitating conservation-based
management, education and research. The population of the County, determined by the 2015 census, is
5,905.

Figure 1. Beaver County in east-central Alberta. The inset map shows the major towns and the
divisional boundaries within the County. Map from Hood, Hvenegaard and McIntosh 2017.
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Approximately 70% of the County is agricultural land, which accommodates grazing and annual crops
(Table 1). The boreal ecozone within the CLM is dominated by aspen forests and extensive wetland
habitats (Hood et al. 2007). There are several provincial and one federal protected area within the
moraine that provide a variety of recreational opportunities adjacent to rural residential subdivisions.
Outside of the CLM, natural habitats are limited to wetlands, natural grasslands and small forest
patches. Wetlands are common throughout the County; however, as noted in previous years, beaver are
also abundant and are associated with a long history of conflict with humans, especially in ruralresidential developments in the moraine. In the past four years, pond levelers were established and
maintained at 14 sites within the County to reduce wetland loss and mitigate human-beaver conflicts.
Table 1. 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. From Hood, Hvenegaard and McIntosh
2017.
Land cover
Area (km2) Length (km) % of County*
Source
2
Water
215 km
6.5%
ABMI
Lentic (lakes and wetlands) (408 km2)
(12.3%)
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.
2.2. CARBON STORAGE POTENTIAL
As in 2016-2017 (Hood, Hvenegaard and McIntosh 2017), we used existing provincial data, combined
with a detailed land-use map of the County extracted from the ABMI Wall-To-Wall Land Cover map
(ABMI, 2010), and additional remote sensing and field data to produce a county-wide Geographic
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Information Systems (GIS) map of natural features (Figure 2). These data allowed us to quantify and
model carbon storage potential in forests, grasslands, and croplands within Beaver County. We
calculated carbon storage for natural features using methods outlined in Metherell et al. (1993), and
similar research by Zheng et al. (2013) and Mitsch et al. (2014). As before, Dr. Majid Iravani at Alberta
Biodiversity Monitoring Institute/University of Alberta, assessed soil organic carbon (SOC) storage
potential within Beaver County. Dr. Iravani is a CENTURY model specialist and did all the modelling
related to the CENTURY Model (Oelbermann et al. 2017). This model is applicable to Alberta’s
grasslands, croplands, and forested lands as it allows for the quantification of soil carbon storage (SOC)
and above-ground biomass production (AGB) across various terrestrial biomes and ecoregions. Dr.
Iravani simulated SOC using the CENTURY model (v 4.6) coupled with i_CENTURY (v 1.0; CARD, 2014).
This approach represents a model control system that allows simultaneous runs of CENTURY for multiple
sites by storing CENTURY input data in Microsoft Access.

Figure 2. Spatial distribution of different land cover types in Beaver County as extracted from ABMI
Wall-To-Wall Land Cover Map (ABMI, 2010) for use in the CENTURY model. From Hood et al. 2017.
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Using existing land cover data from the Alberta Biodiversity Monitoring Institute (ABMI), and soil and
vegetation from our sample sites, we were able to simulate storage of soil organic carbon and aboveground biomass. Additional soil data were derived from the Agricultural Region of Alberta Soil Inventory
Database (AGRASID; Alberta Soil Information Centre, 2001). Land cover was classified into three cover
types: cropland, grassland and forest (mixed wood, broadleaf and coniferous combined) (Figure 2). The
soil map and land-cover map were combined using the intersect tool in ArcGIS to create polygons
representing all possible soil land cover units in the County. Hood, Hvenegaard and McIntosh (2017)
further describe the GIS approach used to develop the datasets. The land cover units used in our spatial
modelling allowed us to simulate SOC (within three major land cover types) and AGB (grassland
vegetation only) to assess carbon storage potential in Beaver County.
Dr. Irivani extracted climate data from ClimateNa_5.21 (Wang et al., 2016) to derive a time-series of
monthly climate data layers. Specific variables included monthly precipitation and mean / minimum /
maximum temperatures (ranging from years 1901-2010). Soil data from the AGRASID data included
mineral soil layers (i.e., depth and drainage class) and associated soil properties (i.e., texture, bulk
density, rock content, pH). Specific methods and parameters used in the model are available at:
https://www.nrel.colostate.edu/projects/CENTURY/. 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.
To provide soil and vegetation inputs into the CENTURY Model, we collected 72 (n = 48 in 2016 and n =
24 in 2017) soil and vegetation samples at 18 sites (n = 12 in 2016, n = 6 in 2017) in three different
habitat types within the County (Figure 3, agricultural n = 5 sites, grassland n = 5 sites, and
forest/parkland n = 8 sites). These sites were closely associated with our wildlife camera and song meter
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(ARU) locations. While at the field sites, our team collected additional vegetation data for future
analysis.

Figure 3. Location of soil and vegetation plots (n = 24) for bulk density sampling measures and
vegetation biomass for assessment of carbon storage potential in Beaver County, July 2017.
Soil and vegetation sampling
Soil sampling
We collected soil samples to a depth of 20 cm using an AMS Inc. double-cylinder drop-hammer linear
soil core sampler (bulk density sampler). At the same time, our team recorded the depth of the LFH
(litter, fibric and humic material) layer for each sample at forested sites. Soil samples were transported
to the lab in plastic sampling bags, where samples were then dried at 105oC for 24 hours. Field and lab
data provided core volumes and dry weights (g) for bulk density calculations (g/cm3). From 10 g of each
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soil core we measured soil pH using a soil-to-CaCl solution ratio of 1:2 (Kalra and Maynard 1991). We
also calculated total organic carbon (TOC) and conducted a particle-size analysis (PSA) as per the 20162017 data.
Vegetation sampling
We collected vegetation samples within 10 cm x 100 cm quadrats near the same plots where we
obtained soil samples. Our team clipped the current year’s vegetation to ground level and transported
samples to the lab in individually labeled paper bags. Any material from the previous year’s vegetation
was removed from the sample to avoid inclusion of multi-year growth. These data were used to
calculate above-ground net primary productivity. Similarly to the soil samples, the vegetation samples
were dried at 70oC for two hours in the lab. Dry weight biomass (g) of the vegetation was yet another
variable used in the CENTURY Model simulations.
Additional vegetation data recorded at the site included 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 4). We
measured the basal diameter measurements of each stem with digital calipers to the nearest 0.1 mm,
and heights to the nearest 0.25 m. Overstory vegetation was measured within four 8-m diameter fixed
radius plots (0.02 ha). Tree diameters were measured at diameter at breast height (dbh, 1.3 m from the
ground). We also recorded the decay class of each tree and heights via a vertex hypsometer. Using the
line-intersect method (van Wagner 1968, van Wagner 1982), we measured diameters of downed woody
material (DWM) with digital calipers and assigned each piece 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). Data not used in the CENTURY Model will be used in future models
beyond the scope of this project.
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Figure 4. 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. Image from
Hood, Hvenegaard and McIntosh 2017.
2.3. LANDSCAPE CONNECTIVITY
GIS mapping
Land cover data were obtained from open source data on the ABMI website and the Government of
Canada’s Geogratis portal (e.g. National Topographic Service maps road and basic land cover data).
Beaver County provided high resolution orthophotos from 2015. ArcGIS version 10.3 was used for all
maps and connectivity models. Wildlife density data were derived from our wildlife camera data sets
(see Section 2.5).
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GIS modelling
Point density analysis
Using ArcMap Spatial Analysis point-density analysis tool, we were able to compare wildlife densities at
sampling locations within the County. We created point-density layers for all wildlife species combined,
and then for species with the highest number of individuals in the wildlife camera dataset (i.e., coyotes,
moose, mule deer, white-tailed deer). For those species where counts were >20 individuals, but
restricted to only one or two sites (e.g., beavers and elk), there was no reason to conduct a point density
analysis. All point density layers were combined with a land cover layer for the County to show habitat
associations for species relative to wildlife densities.
Least cost path analysis
To assess potential movement corridors within areas with high wildlife densities, we developed a least
cost path analysis for the southeast half of the County. This approach was used because we were able to
identify more ecologically meaningful boundaries for the analysis rather than boundaries based solely
on political jurisdictions. We did not apply this model to the northwestern reaches of the County
because of the interface with non-County land (e.g., provincial protected areas) that would also need to
be incorporated into the data sets. The basic procedures for the model included in this report, however,
could easily be modified for similar simulations within other regions of the County.
A cost surface raster, which weights specific land cover features, was developed from the ABMI land
cover data set. Given the resolution of the digital elevation model (DEM) used in previous years and the
low relief in the southeastern part of the County, elevation was not used to weight the cost raster. For
analyses in more topographically variable areas of the County (e.g., northwestern region) combining a
DEM into the analysis would be an easy modification to incorporate. By using Model Builder in ArcGIS,
we were able to customize the model for future runs with similar data (Figure 5).
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Figure 5. Model developed in ArcGIS 10.3 to estimate the best route for a generic terrestrial land large
mammal to traverse a mixed-use landscape in the southeastern half of Beaver County, Alberta.
We used areas of high densities of all wildlife species at the southern extent of the map as our start
point and areas of high densities of wildlife at the northern extent of the map as our endpoint. For a
second model we used areas of high densities of wildlife to the east as the start point, and areas of high
densities in the west as an end point. The results then provide a prediction of the most preferred travel
corridor through a landscape matrix. To classify the cost surface, we applied weights based on averages
from Hood, Hvenegaard and McIntosh (2017) and personal research experience. Weights closer to 10
indicate higher resistance for travel, while lower values indicate habitats that facilitate movement across
the landscape (Table 2). Once we derived the least cost paths, we determined their lengths in km.
Table 2. Land cover values used to weight a generic cost surface raster for wildlife for landscape
connectivity analysis in Beaver County, Alberta. Land cover codes are from the ABMI Land cover
shapefile. Weights were derived as averages from Table 1 in Hood, Hvenegaard and McIntosh (2017).
Land cover
Water
Exposed land
Developed
Shrubland
Grassland
Agriculture
Coniferous forest
Broadleaf forest
Mixed forest
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Land cover code
20
33
34
50
110
120
210
220
230

Wildlife weighting
8
8
9
5
3
7
1
1
1
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2.4. MITIGATION OF HUMAN-BEAVER CONFLICTS
As in previous years, we monitored the function of all pond levelers within the County (installed 2014,
2015, and 2016), and recorded maintenance costs (and operational benefits) of these management
tools. These costs also included travel and wages. Each pond leveller was visited at least once in the
Spring and Fall, during which photos were taken of each site (Appendix A). We recorded and made any
necessary repairs to the pond levellers. In 2014, we participated in a County-initiated video series that
documented the construction, installation and maintenance of these devices. These videos are readily
available on the County website (http://www.beaver.ab.ca/departments/agricultural-services/beavermanagement-project). Because of the quality and accessibility of these videos, they serve the same role
as an installation and maintenance manual.
From the data documenting maintenance and monitoring costs, we were able to update all cost-benefit
analyses from previous years. These methods follow those outlined in Hood et al. (2018). We continued
to collect aquatic invertebrate samples at ponds where pond levellers were installed the previous year.
These data provided “after” data to compare with pre-installation conditions. Specific methods relative
to aquatic invertebrate sampling are described in Section 2.5.
Pond levellers
No new pond levellers were installed in Beaver County in this study year (May 2017 to April 2018), but
monitoring and maintenance was ongoing. During site visits, we noted the condition of each pond
leveller and conducted any required maintenance. Most pond levellers only required minor
maintenance, such as basic clearing of the outflow screen or re-sinking part of a pipe (see Results
Section 3.3); however, one appears to have been removed without notification.
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Cost-benefit analysis
Following methods outlined in Hood, Hvenegaard, and McIntosh 2017, we continued to project model
estimates for the cost-benefit analysis for the 2017-2018 research period. The cost benefit analysis, codeveloped with Dr. Varghese Manaloor from the University of Alberta’s Augustana campus, compares
the municipality’s costs with our installation, maintenance and monitoring costs. As before, our costs
included wages, travel, and materials to each of the 14 sites. Using the same MS Excel spreadsheet for
past cost tracking and modelling, we entered all expenses as they were incurred throughout the field
season. Hood (2016), Mitigating human-wildlife conflicts through adaptive management, outlines the
exact methods and model assumptions. Given extensive documentation in the previous two reports we
have provided to Beaver County (http://www.beaver.ab.ca/departments/agricultural-services/beavermanagement-project), and their availability online, only a brief summary is provided below.
Model assumptions
Model assumptions are as follows: 1) Alberta’s 3% social discount rate (SDR) was used to calculate the
present value (PV) for public facilities in the province of Alberta, 2) Beaver County’s data 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, and 3)
monitoring costs are the same across all sites, regardless of site-specific considerations (Field and
Olewiler 2011). We averaged the actual costs across sites for monitoring for all 14 sites. The Alberta
Wetland Mitigation Directive (Government of Alberta 2015) provides all wetland valuation estimates
and are assumed to be accurate representations for wetlands associated with the pond levellers.
Omissions
As in previous years (2014, 2015, and 2016) we were unable to get complete maintenance costs from
Beaver County; therefore, we applied the same estimated costs used in previous calculations. Despite
being estimates, they were based on cost accounting from a subset of sites in 2014 and 2015. These
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estimated costs were then extrapolated across all 14 sites. Further discussion of these omissions are in
Hood, Hvenegarrd and McIntosh (2017).
Model inputs
Our model quantifies actual expenses (i.e., current value CV), the SRD of 3%, and the replacement value
for wetland loss as per the new Alberta Wetland Mitigation Directive. Wetland loss is valued per hectare
of wetland area lost, which was determined using a 2015 orthophoto and on-screen digitizing in GIS.
Final values within the cost-benefit analysis convert to a present value (PV) using the formula
PV=CV/(1+SDR)year.
We documented all costs from the original installation of a pond leveller (e.g., supplies, equipment, site
preparations, labour, transportation), and all monitoring and maintenance costs for each of the four
years of research (2014 to 2017). We then calculated the benefits, including mitigated County expenses
(i.e., 2014 yearly expenses extrapolated to the 2015 and 2016 sites). As with our expenses, these
expenses included all costs incurred by Beaver County for all labour and equipment costs they had
documented. Of note, no machinery (e.g., backhoe) costs were available from the County, although
these costs tend to be the highest when managing sites flooded by beavers. The lack of these data
results in very conservative estimates in this type of cost-benefit analysis. A second benefit derived from
the model includes the wetland valuation for each site, as discussed above. All wetlands associated with
our sites are classed as Relative Wetland Value Assessment Unit 2 (RWVAU 2) in the Alberta Wetland
Mitigation Directive (Government of Alberta 2015), except for Install 9 (WPT 102) near Holden, which is
RWVAU 17.
Data Analysis
Using the model within the MS Excel spreadsheet for the pond leveller installations, we were able to
calculate monetary capital costs to build and maintain pond levellers (operating costs) to the benefits
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(monetary and ecosystem services) of pond levellers at each of the 14 problem sites over four years. The
main variables for the analysis, therefore, are the PV of pond leveller expenses, PV monitoring costs, PV
cumulative benefits, and PV of net benefits. To allow for a “cost-to-cost” comparison and an assessment
of costs including the valuation of wetland loss associated with the draining of ponds during traditional
management methods (e.g., dam removals), we ran two versions of the model. One includes PV costs
and benefits, SDR of 3%, and wetland valuation. The second model excludes the wetland valuation
expenses, but retains the actual costs and the SDR of 3%.
2.5. BIODIVERSITY MEASURES
At numerous sites within the County, we collected biodiversity measures for aquatic
macroinvertebrates, mammals and birds in the field through use of aquatic sampling, wildlife cameras
and song meters. During installation of pond levellers beginning in 2014 we collected aquatic
invertebrate samples from all associated ponds. Additionally, we continued to use wildlife cameras to
document wildlife species at agricultural, natural grasslands, aspen parkland and boreal forest sites
within the County. In tandem with the trail cameras, we installed ARUs (song meters) to record all birds
at the same sites. Specific methods are documented below.
Aquatic invertebrates
To assess the possible influence on the installation of pond levellers on pond-level biodiversity, we
collected 10 to 20 samples of aquatic macroinvertebrates at each pond (n = 11 pond leveller ponds),
immediately prior to the pond leveller installation (“before”) and then one year to the day of the
installation (“after”). Habitats within the pond where sampling occurred were: open water (5 samples),
vegetated edge (5 samples), beaver channels (5 samples), and beaver lodge (5 samples). At installs 5 and
6 (WPT 100a and 100b), we treated the ponds as one pond and only did one sampling effort because of
the close proximity of the beaver dams on the same stretch of creek. We also did not sample Installs 1
and 2 because the biodiversity aspects of this project were not in place in 2014 when they were
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installed. We are unsure why Install 5 only has samples for after the installation, but some samples
degraded and were difficult to identify and were potentially discarded in 2015.
Sampling methods are described extensively in Hood (2016) and Hood, Hvenegaard and McIntosh
(2017), so a brief overview will be provided here for context. We used an aquatic D-net (0.07 m2) with a
500 μm mesh size (sensu Hood and Larson 2014) to conduct five (5) 1-m wide sweep samples for aquatic
macroinvertebrates at each of the four habitat types. Not all ponds had beaver lodges or beaver
channels, so those habitats were not available for sampling at all sites. On shore, we cleaned and stored
samples in 70% isopropyl alcohol and then identified each individual to its lowest taxonomic level in the
lab. Some samples from 2014 and 2015 were analyzed at Red Deer College by Charity Briere. All data
were entered into an MS Excel spreadsheet for ongoing analyses of biodiversity measures (e.g., species
richness, Shannon Index, evenness, and density; Magurran 1988). Additionally, data were entered to
accommodate analyses of community composition relative to environmental conditions (e.g., before,
after, water chemistry, pond type, year). As a preliminary analysis, we compared pre- and postinstallation abundance of individuals. We also calculated a Jaccard Similarity Index (shared species /
total number of species) to compare mean similarities before and after installations. Future ordinations
(e.g., non-metric multidimensional scaling, NMDS) will allow greater insights into community
interactions.
Wildlife cameras
From 29 May to 16 August we installed eight Reconyx wildlife cameras (PC900 Hyperfire Professional
Covert IR) at agricultural, natural grassland, aspen parkland and boreal sites within the County. Sites
were further divided into upland and wetland habitats (one for each site type). We placed cameras
adjacent to a song meter at approximately 1-m off the ground on a tree or post. Then we programmed
cameras to take three photos with five seconds between photos. During the study period, we changed
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the location of cameras bi-weekly to increase our sampling coverage. In total, there were 33 sites (one
agricultural upland camera had to be moved to accommodate site-specific challenges).
Our team downloaded the data cards in the field to allow for immediate reactivation of the wildlife
cameras without any lost time for data handling. During photo analysis, we recorded the following data
for each image: site, County division, UTM location, camera #, card #, Image #, date, time, temperature,
cloud cover, habitat, sub-habitat, camera setting, species, sex, age class, observer, and any additional
notes about the image. Copies of all images were stored on the project’s Google Drive and external hard
drive. Using pivot tables to synthesize the data, we were then able to assess differences among sites.
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 records 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 the lack of disturbance by a human observer. Disadvantages include high storage requirements,
initial start-up costs, and the high 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 3 summarizes the sampling dates. During this time period, we
positioned ARUs in one location within each of the four habitat types (each with a wetland or upland
option; Table 3), with exceptions for the grassland and agricultural habitats which had two locations
selected. The grassland habitat had an extra sample location selected to compensate for the previous
year’s grassland habitat issue, while the agriculture location had to be reselected part-way through the
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study. We placed the ARUs on posts or trees about 1-m above the ground. We programmed the ARUs to
record the 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 3. Sampling dates for ARUs by habitat type (grassland, boreal, agricultural and parkland) and
sites in Beaver County, AB. From May to July 2017.
Site
Grassland
Boreal
Agriculture
Parkland
Wetland 3 and Upland 3 May 27-July 2
Wetland 4 and Upland 4 May 27-July 2 May 27-July 2 May 27-June 4 May 27-July 2
Wetland 5 and Upland 5
June 10-July 2
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, or 3 am. Within those 10-minute blocks, we only analyzed the first three
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, Dendroica), and
fellow experts at the University of Alberta. In some cases, sounds were listed as unidentified, even after
checking with experts. While 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 MS Access
database established by the Bioacoustics Unit (University of Alberta) and the Alberta Biodiversity
Monitoring Institute. We recorded species in each of the first, second, and third minutes. Additional
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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 analysis, we removed the unidentified occurrences and produced two response variables of species
richness and abundance (however, 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 between the habitat types. Analyses of the bird
data are now been complete but quality control and compiling the data are ongoing.
Kelsey Bourgeois at Royal Roads University is continuing to use these data as part of her M.Sc. thesis.
She has been collecting additional information for each site from 2016 and 2017 including precipitation
(collected from nearby stations through Alberta Agriculture and Forestry Alberta Climate Information
Service), canopy layers, and other landscape features. With this information, she will be conducting the
statistical analysis using ANCOVA to identify avian species diversity and richness in association with the
different ecoregion sites. Using avian species diversity and richness as an indicator of ecological
integrity, Kelsey will also be identifying areas of high ecological integrity.
2.6. NATURE HOTSPOTS TOOL
To identify and document natural areas of special significance in Beaver County, we conducted an
extensive internet search and consulted local residents. In addition, we examined a variety of sources,
including municipal websites, nature websites, brochures, and books. Our criteria were: adequate public
access, reliable nature experiences, some representation throughout the year, some representation
throughout the county, and some logistical support in place (e.g., maps, trails, information, regular
management). This produced a list of 21 potential nature hotspots.
Research assistants conducted additional research on many of the hotspots by exploring the sites in
person, taking photographs, documenting access details, and obtaining more background information.
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After this step, the number of hotspots was reduced to 12. Criteria for making this list were the same as
above, but with the advantage of additional details and the potential for comparisons among sites. After
mapping each site of interest, we developed a web-based product using ArcGIS and Adobe to post on
Beaver County’s website (http://www.beaver.ab.ca/tourism/nature-hot-spots).
2.7. ADDITIONAL ACTIVITIES
We documented any presentations (public, governmental or academic), articles, or activities otherwise
relating to the project over the study period and presented the title, location, date and presenter in
table format in Section 3.6. Beaver County was acknowledged as a funding agency and collaborator in all
activities.
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3. RESULTS
3.1. CARBON STORAGE POTENTIAL
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 6). Estimates
of SOC produced by the CENTURY model visualized by spatial modeling units for each habitat type
(cropland, grassland, and forests) are shown in Figures 7, 8, and 9, and the estimate of above-ground
biomass C storage by spatial modeling unit for grassland habitat type is shown in Figure 10.

Figure 6. 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). Map from Hood et
al. 2017.
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Figure 7. Simulated soil organic carbon (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.

Figure 8. Simulated soil organic carbon (SOC - top 0-20 cm depth of mineral soil) for spatial modeling
units covered with Aspen Parkland and Boreal forest vegetation (n=1771 units) in Beaver County. The
simulated values are long-term annual averages obtained for each spatial modeling unit.
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Figure 9. Simulated soil organic carbon (SOC - top 0-20 cm depth of mineral soil) for spatial modeling
units covered with grassland vegetation (n=2809 units) in Beaver County. The simulated values are
long-term annual averages obtained for each spatial modeling unit.

Figure 10. Simulated above-ground biomass (AGB – kg/ha) 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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In general there was 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 4. Comparing among
the habitat types, the CENTURY model estimated that grasslands stored the most SOC in the upper 20
cm on a per ha basis, followed by cultivated lands, with forests storing the least amount. On a total soil
organic carbon basis, cultivated lands, with the largest land area (69.3% of Beaver County), stored an
estimated 71.4%, grasslands (16.2% land area) stored 22.6%, and forests with a very small land area
(8.6%) stored only 6.0% of organic soil carbon in the upper 0-20 cm depth. There was an estimated
520% more carbon stored in the above-ground biomass in the grasslands than in the upper depths of
soil organic carbon for all of the habitat types combined (Table 4). In general our ground-sampled sites
had SOC ranges within those of the CENTURY simulated results; the only exception was in the cultivated
lands (Figure 11).
Table 4. 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

November 2018

SOC Mean
(ton/ha)
55.0 (6.6)
74.4 (5.3)
43.4 (16.6)

SOC Total (Ton)
12,690,019
4,011,201
1,063,348

AGB Mean
(kg/ha)
n/a
1725.1 (177.9)
n/a
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AGB Total (kg/ha)
n/a
92,444,922
n/a
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Figure 11. 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 (n=16) and summer 2017 (n=2) measurements for different land cover types (14
samples in each land cover type).
3.2. LANDSCAPE CONNECTIVITY
Using data from ten trail cameras (see Section 3.4), we determined that intact natural systems (e.g.
broadleaf forests, natural grasslands) were positively associated with high densities of wildlife within the
County. Given the static nature of trail camera studies, these data are influenced by camera location.
However, we applied a balanced design for camera locations to incorporate developed areas (e.g.
agricultural lands) as well as areas under some level of governmental or not-for-profit (NGO) protection.
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All species density and land cover
The highest density of species, as identified through a point-density analysis in GIS, were associated with
the broadleaf forests in the northwest portion of the County, and the intact natural grassland systems
southeast of Viking and northwest of Holden (Figure 12).

Figure 12. Wildlife density for all species detected by trail cameras and the corresponding 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. Beaver Hill Lake, in
the upper top left corner of the map, has experienced fluctuating water levels over the past decade.
Coyote density and land cover
Coyotes, being more solitary than most ungulates (e.g. deer), were found at low densities at the trail
camera locations (Figure 13). Their distribution throughout the County was relatively even, although
their highest densities appeared to be adjacent to the grasslands east of Viking.
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Figure 13. Coyote density detected by trail cameras and the corresponding 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. Beaver Hill Lake, in the upper
top left corner of the map, has experienced fluctuating water levels over the past decade.
Moose density and land cover
Moose sightings were restricted to camera locations in the natural grassland sites to the southeast and
the mixed-wood boreal sites to the northeast (Figure 14). We did not capture any images of moose on
cameras at any of the eight agricultural sites.
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Figure 14. Moose density detected by trail cameras and the corresponding 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. Beaver Hill Lake, in the upper
top left corner of the map, has experienced fluctuating water levels over the past decade.
Mule deer density and land cover
Mule deer were photographed at all wildlife camera sites except those in boreal habitats (Figure 15).
Where found, their densities were high, particularly in areas with intact natural grassland. Mule deer
densities were high relative to coyotes and moose, and slightly lower than white-tailed deer.
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Figure 15. Mule deer density detected by trail cameras and the corresponding 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. Beaver Hill Lake, in the upper
top left corner of the map, has experienced fluctuating water levels over the past decade.
White-tailed deer density and land cover
As with mule deer, white-tailed deer were found at high densities in all habitat types (Figure 16). Their
highest densities, however, were in the northeastern regions of the County, which were associated with
mixed-wood boreal forests. As with other species, natural grasslands provided important habitats for
white-tailed deer in the non-boreal regions of the County.
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Figure 16. White-tailed deer density detected by trail cameras and the corresponding primary land
cover for Beaver County as represented by currently available NTS (National Topographic Service
maps from Geogratis) and Alberta Biodiversity Monitoring Institute (ABMI 2015) data. Beaver Hill
Lake, in the upper top left corner of the map, has experienced fluctuating water levels over the past
decade.
Least cost path analysis
The least-cost path analysis highlights the role that intact natural habitats play in facilitating wildlife
movements across the landscape. They also allow for predictive assessments of areas of high potential
for wildlife-vehicle collisions. For movements from south to north (or in reverse), the distance predicted
by the least-cost path model was 41.4 km, whereas the Euclidian distance (straight-line) from point-topoint was 38.2 km, which was 3.2 km less than the modelled distance (Figure 17). More dramatically,
the distance from east to west (or in reverse), predicted by the least-cost path model was 54.8 km,
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whereas the Euclidian distance from point-to-point was 44.3 km, which was 10.5 km shorter than
modelled movements (Figure 18). In both cases, wildlife would need to expend more energy to avoid
areas of high resistance (developed areas and high density roads in particular). This analysis also
highlights the importance of intact natural grasslands and forested habitats.

Figure 17. Least cost path model for south- north movement through the southeastern half of Beaver
County Alberta for a generic large-sized terrestrial mammal. Path distance is 54.8 km.
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Figure 18. Least cost path model for east-west movement through the southeastern half of Beaver
County Alberta for a generic large-sized terrestrial mammal. Path distance is 41.4 km.
3.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
Efficacy of pond levellers
In May 2017 and November 2017 we conducted a complete assessment of all 14 pond levellers installed
in 2014, 2015, and 2016 (Figure 19). No new pond levellers were requested by the County in 2017. All
but two were in good working order. At Install 3, the pipe was floating after the spring thaw and we
were able to weigh the pipe down effectively with cinder blocks. This particular pond leveller is very long
(~36 m or 120 ft), which is unusual but was necessary given the site characteristics. Despite the floating
pipe, the pond leveller was still functioning. In November, our maintenance was still effective and the
pipe remained submerged (Appendix A).
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After an extensive search on more than one occasion, we were unable to fully assess the pond leveller at
Install 8 in the summer of 2017. It was functioning in May 2017 during our initial monitoring survey, but
the road became flooded later in the June of 2017. We visited the site on June 22, August 9, and
November 3, 2017, and could not find any evidence of a pond leveller being at the site. We consulted
the County and they have no record of its removal. The visits in the summer and fall indicated the
culvert was heavily dammed and beaver activity was noted (Table 5). Appendix A contains an image in
November 2017 that shows a beaver dam plugging the culvert. This year, we could not access Install 11
because of land access.

Figure 19. Locations of pond leveller installations in Beaver County, Alberta from June 2014 to June
2017.

November 2018

Natural goods and services in a mixed-use landscape

46

Hood, Hvenegaard, and McIntosh 2018
Table 5. Current condition of all pond levellers installed from June 2014 to August 2016. 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

36

Install 2

Easting

Northing

Feature
Culvert

Date
installed
2014-06-18

Date last
checked
2017-11-03

377994

5912409

63

376503

Install 3

67

Install 4

Condition

5912275

Culvert

2014-06-20

2017-11-03

376405

5912290

Dam

2014-07-15

2017-11-03

76

376359

5911552

Dam

2014-07-17

2017-11-03

Install 5

98

380215

5923630

Culvert

2014-07-30

2017-11-03

Install 6

100

389931

5919496

Culvert

2014-08-27

2017-11-03

Install 7

100

389931

5919496

Culvert

2014-08-27

2017-11-03

Install 8

101

388836

5920862

Culvert

2014-08-20

2017-11-03

Install 9

102

423198

5889013

Culvert

2014-08-15

2017-11-03

Install 10

144

385775

5915190

Dam

2015-06-11

2017-05-19

Install 11

140

393209

5933246

Dam

2015-06-26

2017-05-14

Install 12

177

378986

5912579

Dam

2015-08-04

2017-05-17

Install 13

179

385107

5918226

Dam

2015-08-07

2017-11-03

Device is working and free of
debris.

Install 14

7

378725

5918836

Dam

2016-06-14

2017-11-03

Device outflow appears to have
been dammed. Device appears
ineffective but pond seems level.

Device is working and free of
debris, running water pooled and
rest of the water is frozen.
Cage visible, culvert outflow
dammed in "V" formation. Device
ineffective.
Cage visible, outflow of pond
leveler dammed by a second dam.
Device ineffective.
Device is working and free of
debris, open pooled water due to
flow, rest of pond frozen.
Device is not working. Active
beaver lodge covering entire
device.
Device is working and free of
debris.
Downstream install is working and
free of debris.
Other dams downstream making
device ineffective (2016). Culvert
dammed heavily. Beaver activity
noted. Missing?
Cage visible, device ineffective
based on inspection. Recommend
culvert gate on outflow.
Device is working and free of
debris.
Dam is destroyed. The device is
now ineffective.
Device is working and free of
debris.

As previously noted, we did not install any pond levellers in 2017, but maintain all records of original
costs (Table 6) and the date and length of time required for the installation.
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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. From Hood, Hvenegaard, and McIntosh. 2017.
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

All inputs used for the cost-benefit models are presented in Tables 7, 8, 9, and 10 below. The full cost
model for all 14 sites over four years (2014 – 2017) revealed a present value (PV) net benefit (“savings”)
of $540,648.08 (Table 11). This modelled value reflects the amount of money saved by the County by
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not having to manage for flooding by beavers at these sites. This value includes wetland valuation for
each wetland if it were to be drained (as per Alberta Wetland Mitigation Directive; Government of
Alberta 2015) and a 3% social discount rate used by the provincial government to value public facilities
over time. One caveat for the output of the cost-benefit models is that Install 8 is included as
functioning (as it was in May). We were unable to obtain any costs incurred by the County during
summer maintenance; however, we did include our monitoring costs for the four visits made to the site
in 2017. When wetland valuation is excluded from the analysis, there was a $94,485.93 PV net benefit
for the County (Table 12) over four years.
Install expenses
Install expenses included transportation to and from the site (including for initial site assessments),
wages, materials, and equipment (usually only counted as a first time purchase). Install 5 was the least
expensive pond leveller installation ($756.33, 30 July 2014), while Install 6 was the most expensive
installation ($1,605.55, August 27, 2014). As noted above, the latter site required an extensive amount
of pipe and several people to help. At times installation costs increased when new staff required
training. None of the principal investigator’s (PI) wages were included in cost accounting. Instead the PI
was “charged” at the same rates as the research assistants. Over four years, the average cost for a pond
leveller installation was $1,071.66 (Table 7).
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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

2017 Number of Sites:
2017 Total Install Cost:
2017 Average Cost:
Total Number of Sites:
Total Cost:
Average Total Cost:

0
$0
$0
14
$15,003.31
$1,071.66

Additional monitoring and maintenance costs
Total additional costs for monitoring and maintenance of all 14 sites over four years were $7,541.45
(including salaries, materials and transportation; Table 8). All these values were included in the costbenefit models. Note that Install 8 had the highest monitoring/maintenance costs in 2017 ($476.51)
because of repeated visits as of June 2017 to assess its presence/absence.
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Table 8. Additional monitoring and maintenance costs by year (2014, 2015, 2016, and 2017) 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

Number and costs
14
$2,264.94
$251.66

2017 Additional Costs
2017 Average Additional
Costs

$2,113.21
$150.94

Total Additional Costs
Average Additional
Costs

$7,549.61
$159.66

$1,727.95
$132.92
$1,443.51
$103.11

Mitigated County expenses
We were unable to adjust our maintenance costs for the County and continue to use the values from
four sites (Installs 10, 11, 12, and 13). Each of these sites were installed in 2015 (Table 6). The same
County cost estimates used in 2016 were also used in 2017 because of the lack of pond leveller
installations in 2017 (Table 9). The limitations of estimated County maintenance/repair costs for the 14
sites prior to the installation of pond levellers continues to produce conservative estimates of PV net
benefits (“savings”) from the models.
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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

Number of 2017 Sites
2017 Site Cost
Total Number of Sites:
Estimated Total Cost:

14
$34,297.66
14
$34,297.66

Wetland valuation
Wetland compensation values in the Alberta Wetland Mitigation Directive (Government of Alberta
2015) have not changed and the in lieu fee rate for 13 sites remain at $19,388 per ha. This is the value
that would be paid per hectare if a wetland was drained. Install 9 was in a lower wetland valuation
category at $18,619 per ha. Total valuation of wetlands for the 14 sites was $129,277.46 (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 2017 Valuation:
Number of Sites:
Average Value per Site:
Total Valuation:

$129,277.46
14
$9,234.10
$454,457.98

Present value net benefit
As mentioned above, the PV net benefit attributed to the installation of pond levellers at the 14 sites
with chronic flooding over four years is $540,648.08 (Table 11). This value is a conservative estimate
given the incomplete maintenance costs provided by the County.
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Table 11: Full cost-benefit analysis inputs and resultant present value (PV) net benefit for 14 pond
leveller sites over four years (2014, 2015, 2016, 2017) in Beaver County, Alberta. Wetland valuation
was included.
Cost-Benefit Analysis

2014
0
$9,539.21
$9,539.21

2015
1
$4,267.69
$4,143.39

2016
2
$1,196.41
$1,161.56

2017
3
$0
$0

Sum
$15,003.31
$14,844.16

$2,264.94

$1,727.95

$1,443.51

2,113.21

$3,992.89

$2,264.94

$1,677.62

$1,401.47

$2,051.66

$7,395.69

PV Cumulative Costs

$11,804.15

$5,821.01

$2,573.03

$2,051.66

$22,239.85

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

$34,297.66
$129,277.46
$163,575.11

$34,297.66
$129,277.46
$163,575.12

$122,491.63
$454,457.98
$576,949.61

PV Cumulative Benefits

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

$562,877.93

PV Net Benefits

$82,361.36 $145,279.83 $156,247.76 $156,759.13

$540,648.08

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

The model without wetland valuation, yet still retaining the 3% social discount rate, resulted in a PV net
benefit of $94,485.93 (Table 12). As with the full model, these PV net benefits result in conservative
estimates.
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Table 12. Cost-benefit analysis inputs and resultant present value (PV) net benefit for 14 pond leveller
sites over four years (2014, 2015, 2016, 2017) in Beaver County, Alberta. Wetland valuation was
excluded.
Cost-Benefit Analysis

2014
0
$9,539.21
$9,539.21

2015
1
$4,267.69
$4,143.39

2016
2
$1,196.41
$1,161.56

2017
$0
$0

Sum
$15,003.31
$14,844.16

$2,264.94

$1,727.95

$1,443.51

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

$2,113.21

$7,549.61

$2,264.94 $1,677.62 $1,401.47 $2,051.66
$11,804.15 $5,821.01 $2,563.03 $2,051.66
$22,048.49 $31,847.82 $34,297.66 $34,297.66
$22,048.49 $30,920.22 $33,298.69 $33,298.69

$7,395.69
$22,239.85
$122,491.63
$119.566.10

PV Cumulative Benefits
PV Net Benefits

$22,048.49 $30,019.63 $32,328.83 $32,328.83
$10,244.34 $24,198.62 $29,277.17 $30,277.17

$116,725.78
$94,485.93

3.4. BIODIVERSITY SAMPLING
In 2017, we completed the last of the aquatic macroinvertebrate sampling (Install 14) and continued
with wildlife cameras and ARU sampling at four different habitat types, which were further divided into
upland and wetland habitats. The data sets from all three sampling approaches are extensive; therefore,
preliminary data are presented below. Future data analysis will proceed into 2019 and 2020.
Aquatic invertebrates
We completed the identification of all aquatic macroinvertebrate samples on 17 March 2018. There was
a total number of individuals of 162,960 with exact counts, and an additional estimate of 32,579
Daphnia that were quantified with the comment “a lot” by a private contractor. To obtain an estimate of
Daphnia for these samples we derived the average number of individual Daphnia from all samples with
>1000 individuals (mean = 2,506 individuals) and then multiplied this value by the number of samples
quantified as “a lot” (n = 13). With this approach, we estimate that we collected and identified over
195,500 aquatic macroinvertebrates from 90 taxa over four years from 11 ponds. Some of the first
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ponds where we installed pond levellers in 2014 were not sampled (Installs 1, 2 and 3) because this
component of the research was not part of the research protocol at that time.
There appeared to be an equal number of ponds (50% each) that had a net gain of the number of
individuals and a net loss of the number of individuals (Figure 20); however, species such as Daphnia can
dramatically influence total counts. When comparing the similarity of the number of taxa in each pond
prior to the installation and after the installation, the mean Jaccard Similarity Index was 43.1% (SD =
14.5%) and median 40.6% (IQR = 19.1%, min = 22.7%, max: = 74.2%), indicating that there appear to be
shifts in community composition from pre- to post-installation (Figure 21). Given the extent of the data
(Table 13), further analyses are required to assess potential shifts in abundance by taxa and the effect of
sampling year on taxa abundance and distribution.

Figure 20. Number of individual aquatic macroinvertebrates in ponds immediately before the
installation of pond levellers and exactly one year after the installation of pond levellers from 2014 to
2016 in Beaver County, Alberta.
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Figure 21. Jaccard Similarity Index of aquatic macroinvertebrates taxa in ponds immediately before
the installation of pond levellers and exactly one year after the installation of pond levellers from
2014 to 2016 in Beaver County, Alberta.
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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, 2014 to August 2016. WPT
94 is a site without an installation that can act as a control.
Taxa
Install 3
Aeshnidae
1
Amphipoda
1957
Anthomyiidae
Aphidae
Arrenuridae
4
Baetidae
23
Belostomatidae
1
Brachycentridae
1
Caenidae
72
Calanoida
3338
Capniidae
Ceratopogonidae
57
Chaoboridae
200
Chironomidae
1497
Coenagrionidae
63
Coleoptera
2
Conchostraca
98
Corduliidae
19
Corixidae
102
Crambidae
119
Culicidae
2
Culicidae
Curculionidae
6
Cyclopoida
3837
Daphnia
6772
Dytiscidae
131
Elmidae
Ephemerellidae
Ephemeridae
Ephemeroptera
3
Ephydridae
4
Eremaeidae
6
Erpobdellidae
Eylaidae
2
Gammaridae
732
Gerridae
1
Glossophoniidae
4
Gyrinidae
2
Haliplidae
73
Hebridae
Heptageniidae
Hirudinea
92
Hirudinidae
Homoptera
Hydrachnidae
24
Hydraenidae
Hydrobiidae
Hydrophilidae
10
Hydrozoa
6
Isotomidae
7
Laversiidae
Leptophlebiidae
Lestidae
4
Libellulidae
60
Libellulidae
Limnephilidae
2
Limnesiidae
Lumbriculidae
2
Lycosidae
Lymnaeidae
94
Mesoveliidae
12
Naididae
9
Nematoda
non-Eremaeidae
112
Notonectidae
9
Oligochaeta
Ostracoda
6126
Perlidae
Phryganeidae
1
Physidae
57
Pionidae
Pisauridae
Planorbidae
698
Plecoptera
Poduridae
Psychomyiidae
Saldidae
Sciomyzidae
Sialidae
Sperchonidae
Sphaeriidae
21
Staphylinidae
Stratiomyidae
16
Syrphidae
Talitridae
Teutoniidae
Thysanoptera
1
Tipulidae
3
Veliidae
48
Total 26543
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Install 4
8027
11
8
1

Install 5 Install 6 Install 8 Install 9 Install 10nstall 11Install 12 Install 13 Install 14
2
3
3
1319
5226
3545
2
342
80
817
3932
37
1
1
8
1
2
2
4
1
5
1
2
1

288
1340

2269
28

181
43

1
56
7

50
295
852
164

9
279
102
120

73
1
128
161
11

43
65
1723
77
2
149
1
90
9
1

1
1445
2227
172

1
542
1866
45

3
45
8

2
12
2
6
454
11
5

392

85
115

545
3002
12

42
374
450
7

4

44

46
29
3

47

831
5968
59

156

31
1

45
5

118

46

27

28

4
8

3
48

1
2
11
1

23

27

2
8

609
125
234
64

10

66
4

3
4
39
7

29
153

1
14
1

158
9

280
1
489

75

1

2

18
1116
8935
166

1
187
1224
55
2

73

6

3
2

25

430
150

1561
21

56
1509

122
186
123
19

373
208
71
68

234
239
73
1

5

3
3
15
1

28
2
113

13
2

798
32404
10
78
15

2
2
560
6814
29
1

7
97
4075
22

9

29

2

114

1
22
4

2
3

5
4
30

10

1

5
401
15
5
1
2

3
1

9

26

2
3
6
12
9
3

2

2

928
10
1
1
1

227
4
7

12
2
3
3
107

35

10

35
1
1

8
1

12
2

21
99
1

8
5
1

1
9
3

4
40
1
1
3

129

4
34
1
1

9

1

1

2

2
27
17

5

1

14

1
1

1

1

1

11
21
9
1
87
15
10
1862

1323

2410

3
8
17
468

1
59

14

2
125

23

191

164

38

257
3

5
19
38

2

30
1

56
9

446
10
2

1

1
57

7

2
35
10
1
50
117
34
3371
4
1
22
9
457

11
1

6
33
6

38
26

27
1
7
1

3
2
16
62
1

11
3
1
133

16
2
9
412

5

4
1

1
12
1

1481

378

1
737

1
110

652
1

1
3
3
1

5
3

9

1
1

1
3

10
2
60

28
1
7
1
18378

2

1
34

3

1
3
10616

18
1
12778

39
1
12825

1
250

1
3

276

2

4
14
2
17569

30
10
2761
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1
2
11
2
38422
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3

110

91

1
23
5
15145

6
4
7671

Total
9
25247
48
2
30
33
1
2
4945
6606
1
1539
1974
5331
592
4
684
27
1203
436
20
2
37
9960
73298
702
3
78
132
10
126
28
16
15
3327
46
129
4
383
9
4
384
2
2
194
4
14
74
265
31
1
2
37
108
2
4
2
31
9
681
107
60
1
368
167
88
16334
5
6
321
11
1
5060
3
1
1
3
6
16
1
22
2
121
2
1121
1
10
152
77
162958
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Wildlife cameras
From 29 May to 16 August 2017, we captured images of 15 species of wildlife, and 3 species of domestic
animals (cattle, dogs and horses). In total there were 3,546 individuals recorded on the trail cameras at
24 sites (Figure 22) over the same number of “trapping hours” (time since the cameras were deployed
to when they were taken down). Some individual animals were likely counted more than once given
repeated use of the habitat near the camera, but moving the cameras varied site locations to help
mitigate over-counting of resident animals.
Of the total number of photos of animals captured by the cameras, on average, the highest percentage
of photos (22.9%) were at the natural grassland wetland sites and the lowest percentage of images were
at the agricultural wetland sites (0.33%). The percentage of images at the other habitat types were:
agricultural uplands (6.3%), aspen parkland uplands (22.6%), aspen parkland wetlands (6.6%), boreal
uplands (11.2%), boreal wetlands (18.7%), and natural grassland uplands (11.3%). These values
correspond with species-specific densities described in Section 3.2.

Figure 22. Locations of song meters (ARUs) and wildlife camera installations in Beaver County, Alberta
from 29 May 2017 to 16 August, 2017. 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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Images of white-tailed deer (n = 1,575, 47.1% of the images) were most numerous (Table 14), followed
by mule deer (n = 1,258, 37.6%), and then moose (n = 182, 5.4%). There were also 75 images of elk and
71 of coyotes. Species-specific densities relative to land cover are discussed in Section 3.2. Of the total
number of individuals, 37 were unidentified to any species, 43 were unidentified birds, and 119 were
deer that could not be identified to species (e.g., only leg or side showing). Species with only one
individual recorded during the study period include: black-billed magpie, common raven, dragonfly,
porcupine, red-winged blackbird, striped skunk, and yellow-headed blackbird. Six images of beavers
were captured at a boreal wetland location. Five snowshoe hares were found at agricultural sites, and
24 at boreal locations.
Table 14. Most numerous wildlife species by habitat and sub-habitats in Beaver County, Alberta
(Figure 24) from 29 May to 16 August 2017.
Habitat
Coyote Elk Moose Mule deer Red fox White-tailed deer Grand Total
Agricultural
17
0
0
114
3
82
216
Upland
15
0
0
111
3
79
208
Wetland
2
0
0
3
0
3
8
Aspen Parkland
14
18
43
335
0
512
922
Upland
9
18
4
281
0
395
707
Wetland
5
0
39
54
0
117
215
Grassland
29
0
53
809
0
248
1139
Upland
12
0
53
233
0
80
378
Wetland
17
0
0
576
0
168
761
Boreal
11
57
86
0
0
733
887
Upland
7
57
76
0
0
149
289
Wetland
4
0
10
0
0
584
598
Grand Total
71
75
182
1258
3
1575
3164
It was not possible to determine the sex of non-ungulate and non-avian species. Of the ungulates,
female mule deer outnumbered males at all but the agricultural sites (Table 15). For white-tailed deer,
females were more numerous than males at all sites. When sex could be determined for moose, males
outnumbered females at an average ratio of 1:11 at aspen parkland sites, and 38:45 at boreal sites.
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Apart from 14 elk where we could not determine the sex of the animals, female elk were only seen
during the study period.
Table 15. Most numerous ungulate sightings by sex captured by trail cameras from 29 May to 16
August 2017 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.
Habitat
Elk
Agricultural
0
Female 0
Male 0
Unknown 0
Aspen Parkland
18
Female 14
Male 0
Unknown 4
Grassland
0
Female 0
Male 0
Unknown 0
Boreal
57
Female 43
Male 0
Unknown 14
Grand Total 75

Moose Mule deer
0
114
0
40
0
69
0
5
43
335
9
265
33
70
1
0
0
809
0
687
0
101
53
21
86
0
38
0
45
0
3
0
182
1258

White-tailed deer
82
47
23
12
512
298
105
109
248
164
75
9
733
488
76
169
1575

Grand Total
196
87
92
17
908
586
208
114
1110
851
176
83
876
569
121
186
3090

We were able to identify many individuals to one of three age classes: adult, juvenile, and young-ofyear. By far, the wildlife cameras most often captured adults. There was some differentiation of age
classes for both species of deer (Table 16) at agricultural sites; however, other species were less
definitive. White-tailed deer of all age classes dominated at boreal sites. The boreal and aspen parkland
sites were the only locations where elk were seen with young-of-year. Moose were only seen with
offspring (juveniles only) in boreal locations, while young coyotes were accompanied by adults at
grassland sites.
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Table 16. Most numerous wildlife sightings by age class captured by trail cameras from 29 May to 16
August 2017 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.
Habitat
Agricultural
Adult
Juvenile
Young of year
Unknown
Aspen Parkland
Adult
Juvenile
Young of year
Unknown
Grassland
Adult
Juvenile
Young of year
Unknown
Boreal
Adult
Juvenile
Young of year
Unknown
Grand Total

Coyot
e
17
16
0
0
1
14
10
0
0
1
29
22
6
0
1
11
0
0
0
0
71

El
k
0
0
0
0
0
18
14
0
3
1
0
0
0
0
0
57
43
0
13
1
75

Moos
e
0
0
0
0
0
43
43
0
0
0
53
0
0
0
0
86
42
41
0
3
182

Mule deer
114
81
28
0
5
335
272
57
0
6
809
675
114
12
8
0
0
0
0
0
1258

White-tailed
deer
82
63
9
8
2
103
332
72
103
5
248
190
55
1
2
733
558
19
156
0
1575

Unknown
deer
25
12
0
0
13
32
8
0
0
24
60
34
6
0
20
2
0
0
0
2
119

Grand Total
238
172
37
8
21
545
679
129
106
37
1199
921
181
13
31
889
643
60
169
6
2871

Five species of birds were detected by the trail cameras (common raven, red-tailed hawk, red-winged
blackbird, tree swallow, and yellow-headed blackbird). We found that ARUs were more effective tools
for sampling birds and defer to those data for a more realistic view of avian communities.
Song meters and avian communities
Overall, based on a preliminary analysis we recorded 110 species (not including unknowns) from 15
orders and 35 families (Appendix B). As noted previously, data still require quality control, which is
ongoing. Among the four habitat types, species richness was highest for natural grassland, followed by
aspen parkland, boreal, and agricultural habitats (Table 17). Comparing upland with wetland habitats,
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upland habitats had an average of 63.0 species, while wetland habitats had an average of 61.3 species.
The highest species diversity in both upland and wetland habitats was in the natural grassland habitat.
Even if species richness is similar or different among habitat types, the bird species found in each habitat
varies considerably. We noticed that many species were recorded very frequently, while other species
had only a single occurrence.
Table 17. Bird species richness by habitat type, broken down by wetland/upland.
Site

1
2
Total
Average by
habitat

Natural Grassland
Upland Wetland
77
62
64
57
89
79
84.0

Habitat Type
Boreal
Agriculture
Upland Wetland Upland Wetland
57
46
31
22
46
46
57
46
52
49
51.5
50.5

Aspen Parkland
Upland Wetland
54
71
54
71
62.5

3.5. NATURE HOTSPOTS TOOL
The final list of 12 nature hotspots (Figure 23) are described in a document in Appendix C. For each of
the hotspots, we provided the name, location, access details, targeted aspects of natural feature, special
qualities, weblinks, and map if it was available.

Figure 23. Locations of Nature Hotspots within Beaver County that are featured on the web product
posted on the Beaver County website.
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We provided Beaver County an interactive tool of the nature hotspots in which a county resident or
visitor could see the hotspots, click on a site, and read the basic details about the hotspot to help make
travel decisions. The final document is 20 pages, with an introduction, overview of 12 hotspots, and a
page on nature viewing etiquette.
3.6. ADDITIONAL ACTIVITIES
Over the past year, we have given four presentations relevant to this project in part or in entirety (Table
18). Reception to this research has been very positive, particularly relative to the efficacy and costbenefits of the pond levellers for beaver management and carbon modelling.
Table 18. Presentations and other coverage of the project.
Date

Venue

May 17, 2018

Swedish University of
Agricultural Sciences
Umeå Sweden
International
Workshop on Beaver
Management,
Sundsvall, Sweden
Organic Alberta
Conference. Red Deer,
AB
Putting Beavers to
Work for Watershed
Resiliency and
Restoration
Symposium.
Cochrane, AB

May 15, 2018

Feb 10, 2018

Dec 7, 2017

November 2018

Presentation
Type
Faculty Lecture

Title

Presenter(s)

Using science to bridge
human-beaver conflict

G.A. Hood

Conference

Can humans and beaver
coexist? A Canadian
perspective

G.A. Hood

Conference

Can beavers and farmers
coexist?

G.A. Hood

Conference

Cost (and benefit) of living in
beaver-dominated landscapes

G.A. Hood
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4. DISCUSSION
This research explores a multi-faceted approach to understanding the role of different natural features
as they relate to ecological sustainability and ecosystem services within a rural-agricultural and ruralresidential context. In particular, we investigated how anthropogenic and natural landscapes aid in
carbon storage in differing soils and vegetation types, which has implications for restoration directed at
increasing carbon sequestration in the County (Ampleman et al. 2013). We also conducted a preliminary
assessment of landscape connectivity in areas of the County that support high densities of wildlife.
Much of this research focused on building on data sets from 2016 to 2018 for use in future modelling
required by the County, and further research to address questions in ecological function at various
spatial scales (Mitchell et al. 2013). Landscape connectivity is a key factor in facilitating landscape-level
biodiversity (Bennett and Merriam 1994). At smaller scales, we also have investigated whether our
current management actions are influencing aquatic biodiversity.
Since 2014, we have installed, maintained and monitored 14 pond levellers designed to mitigate
flooding by beavers at high conflict locations. For most ponds we assessed changes in biodiversity of
aquatic macroinvertebrates to assess how these management actions might influence aquatic
macroinvertebrate communities. Within the context of the sustainability of wildlife populations within
the County, we also studied habitat use by mammals, birds and aquatic macroinvertebrates within
different habitats in this ecologically diverse region of the province. Given extensive agricultural land use
within the County, it is reassuring to know that Beaver County provides important habitat for many
species. The interface between agricultural, developed and natural systems maintains some functional
ecological diversity at discrete scales. Duflot and colleagues (2015) noted that, depending on the type of
agriculture, this form of land use can aid biodiversity, by providing microhabitats. To transfer the naturebased opportunities to a broader public, we developed an interactive Nature Hotspots tool that
highlights nature-based destinations within Beaver County.
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4.1. CARBON STORAGE POTENTIAL
In Summer 2017 through the addition of six ground-based sample sites (added to the 12 already
collected in 2016) we were able to refine the CENTURY model estimates of SOC. The improvements in
observed simulation results were primarily for forests and grasslands, as was evidenced by the modeled
and ground-based SOC values closely aligning. The lack of improvement for the croplands, which
constitute the majority of total SOC storage, was likely because data from new sites in 2017 used bulk
density values on soils after tillage, which were lower than what would be expected in untilled cropland.
Given the large proportion of agricultural land in the County it was not surprising that over 2/3 of the
SOC is stored within croplands. With grasslands comprising just over 16% of the land base in Beaver
County, they contribute a disproportionate amount to carbon sequestration through their storage of
23% of SOC. While forests are a small area and only contain 6% of the SOC, it is important to recognize
that the CENTURY model does not yet have the calibration to adequately estimate above-ground
biomass production in forests. Yet boreal forests sequester a large portion of their carbon in the
biomass of the overstory trees (although it varies depending on the age of the forest; e.g. Seely et al.
2002). In the future, it would be useful for the County to explore other carbon modeling tools (e.g.
Canadian Forest Service Carbon Budget Model – Kurz et al. 2009) to be able to quantify the important
ecosystem service of sequestration that the trees in the canopy of the County’s forests are providing
through their sequestration of carbon, which in turn has the potential to mitigate climate change (Smyth
et al. 2014).
4.2. LANDSCAPE CONNECTIVITY
For key ungulate species, the areas within the County with the highest densities are in the natural
grasslands to the southeast and central parts of the County and the boreal mixed-wood forest to the
northwest. Intact natural grasslands are increasingly rare in North America, and that some remain in
Beaver County is commendable. Given the limited coverage of both boreal and grassland habitats in the
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County and the higher wildlife densities in these habitat types, the importance of these areas cannot be
overstated. Species, such as coyotes and white-tailed deer, tend to respond more positively to
agricultural landscapes and human infrastructure in general; however, more cautious species will remain
dependent on natural habitat types.
Least-cost path models for north-south and east-west movements in the southeastern half of the
County highlight the importance of intact natural grasslands and forest patches. In the case of east-west
movements, our generic large mammal would increase its movements by over 10 km to move from one
patch of intact grassland to a more distant one. Although based on somewhat theoretical weightings,
the resistance weights used in the model are not unlike those used elsewhere for large wildlife common
to the area. The development of the model and its data sets provides a tool that could be used in future
to assess potential areas of high wildlife-vehicle collisions and to aid in conservation planning.
4.3. MITIGATION OF HUMAN-BEAVER CONFLICTS
Efficacy of previous and new pond levellers
Human-beaver conflicts can result in costly management interventions (Hood et al. 2018) and present
public safety hazards relative to roads, trails and partially cut trees. In the province of Alberta, beaver
management costs over three million dollars per year, as a conservative estimate (Hood et al. 2018).
Most methods currently used involve removing dams with explosives or machinery and trapping or
shooting beavers. Increasingly, more jurisdictions are using pond levellers as an additional form of
management, whereby the pond remains intact, beavers remain on site, and the facility is protected
from flooding (Lisle 2003, Simon 2006, Hood et al. 2018).
The 14 pond levellers we installed in Beaver County since 2014 are generally in good working order.
There is some spring maintenance required to clear minor debris from the outflow pipe, but generally
these requirements have been low. However, one pond leveller (Install 8) either appears to be missing
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from the site or is undetectable – an odd occurrence for 40 feet of pipe and a 4-ft high cage. We have
not been able to resolve issues at this site, although up until the summer of 2017, the pond leveller was
in good working order.
Cost-benefit analysis
Over the four years since pond levellers were installed, cost-benefit models indicate that the pond
levellers have been financially beneficial to the County, similar to what is found in other areas (Boyles
and Savitzky 2008, Hood et al. 2018). The PV net benefit over a four-year period for 14 pond levellers
was $540,648 when wetland valuation and a 3% SDR were included in the analysis. With wetland
valuation removed from the model, PV net benefits were $94,486 over four years. These are considered
to be conservative estimates. Wetland compensation was included in the full cost-benefit model to
reflect the ecological value of the wetlands, which are often drained during dam removals when
managing flooding by beavers. Wetlands created and maintained by beavers tend to have higher levels
of biodiversity than wetlands lacking beavers (Rosell et al. 2005, Bromley and Hood 2013, Hood and
Larson 2014, Anderson et al. 2015), so retaining these ponds has important implications ecologically.
4.4. BIODIVERSITY MONITORING
Monitoring biodiversity over time allows for comparative analyses of the influence of habitat variability
and management actions on various taxa and ecological communities. For three of the four years of
research in Beaver County, we have been able to monitor wildlife and aquatic macroinvertebrate
communities relative to habitat type, and wetland management, respectively. In 2016, we also
incorporated avian monitoring into our research design. For mammals and birds, we used a balanced
design where we assessed the use of four habitat types: natural grassland, agriculture, aspen parkland,
and boreal forests. We then further divided these habitats into upland and wetland sub-habitats. Over
the course of our research, we have identified rare species of birds within the County and species that
are naturally moving into the area (e.g., racoons in 2015).
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Aquatic invertebrates
The installation of pond levellers at several ponds in the County provided an excellent opportunity to
assess how this management activity might influence aquatic biodiversity. Preliminary results indicate
that there are differences in species composition in most of the ponds prior to and one year after the
installation of pond levellers. Further analyses are required to fully assess these differences. For
example, mere taxonomic shifts do not fully represent differences in the functional feeding groups
within the ponds and their sub-habitats (e.g., open water, vegetated edge, beaver channel, and beaver
lodge). A preliminary examination of the data, which is not presented in the Results, indicates that
ponds with beaver lodges have an increased number of taxa at these particular structures. France (1997)
determined that the functional feeding groups of aquatic invertebrates that were associated with lodges
were mostly likely to be those taxa that shred organic materials (e.g., leaves, bark) while foraging. Also,
Hood and Larson (2014) determined that beaver channels were especially attractive habitats for
predaceous aquatic invertebrates. Given the complexity of these data, we will continue to conduct more
extensive analyses.
Currently, however, we are impressed by the number of taxa within the ponds (n = 90) and the number
of individuals (>195,500) within our samples. As with previous years, we consistently found taxa
associated with good water quality (e.g., mayflies from order Ephemeroptera). In one pond we even
found stone flies (order Plecoptera), which are also indicators of good water quality.
Wildlife cameras
Wildlife science is increasingly dependent on wildlife cameras for detecting wildlife species over long
periods of time across large landscapes that would be otherwise difficult to survey (Steenweg et al.
2016). In our study, species at low densities, such as red fox and porcupines, were detected in
agricultural and boreal habitats, respectively. The cameras were even able to detect one dragonfly,
which speaks to the sensitivity of these cameras when wildlife comes into their field of view. We were
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also able to identify species that are closely linked to intact natural habitats. Moose were only found at
camera sites in the mixed-wood boreal, aspen parkland and natural grassland locations. Contrary to
expectations, elk were detected only in the forested boreal and aspen parkland habitats and not at any
agricultural sites. As expected, given their rapid expansion relative to agriculture, white-tailed deer were
found in all four habitat types, while mule deer were found in all but boreal camera locations. Coyotes,
being highly adaptable to human disturbance, had relatively equal distribution across habitat types. As
in 2016, coyote numbers were modest (n = 71) relative to the 223 coyotes detected in 2015 (Hood
2016). Wetlands were very important for wildlife at the natural grassland and boreal locations, but were
least visited on agricultural lands. As with the invertebrate data, we will continue our analysis and
synthesis of these data over the next year.
Avian monitoring
ARUs are now regularly used in biological assessments and conservation. ARUs provide valuable fieldbased 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 110 different species on this part of the
study. This list included a few uncommon species, such as the western wood-pewee, yellow rail, and
bobolink. Last year, we recorded a few listed as threatened in Canada, such as the olive-sided flycatcher
and Sprague’s pipit. For these uncommon and threatened species, there are threats and circumstances
that could, in the future, cause these species to become endangered. These species deserve special
management attention. We also recorded species that are very sensitive to disturbance, such as the
colonial-nesting great blue heron and black-crowned night-heron.
Related to the Beaver County bird data, we were expecting higher species richness at wetland sites
rather than at upland sites (Hvenegaard 2011), but this diversity measure for 2017 was similar for both.
Furthermore, we were expecting lower species richness for agricultural sites than for sites from the
other three habitat types (Hvenegaard 2011). This trend continued for the 2017 Beaver County dataset.
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4.5. NATURE HOTSPOTS TOOL
After delivery, Beaver County uploaded the nature hotspots document to the tourism portion of its
webpage. We trust that the nature hotspots document will serve residents and visitors alike in directing
them to locations in the County that can provide high quality viewing experiences. We hope that the
document will also promote nature viewing in a manner that causes minimal to no impact on the
environment. The document can serve as a tool to promote tourism, recreation, and a positive identity
within Beaver County.
4.6. ADDITIONAL ACTIVITIES
The four presentations in the past year related to this research consistently highlighted the important
role of Beaver County in this research. Any subsequent articles or presentations will continue to
recognize the support and engagement of Beaver County in this initiative. We find that the research
generated in Beaver County has drawn interest from a broad base and helps inform similar initiatives
elsewhere.
5. CONCLUSIONS AND RECOMMENDATIONS
Beaver County is making important contributions to environmental sustainability within east-central
Alberta. The retention of key natural grassland habitats is especially important for carbon storage and
landscape connectivity as it relates to wildlife habitat. Together, each component of this research
provides a more comprehensive picture of the ecological strengths and challenges within Beaver
County. With the northwestern reaches of the County that contribute to the UNESCO designated Beaver
Hills Biosphere, our findings highlight this part of the County within a global context.
Our research has demonstrated that there is a large amount of organic carbon stored in the soils of the
different land types, providing a valuable ecosystem service. Yet the level of ground-based sampling
remains low and there will need to be a large number of additional soil samples collected among the
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various land types, including croplands that have not yet been tilled, in order to improve the coarse
resolution of the SOC data. Additional models that quantify above-ground biomass carbon storage in
forest lands is also worth exploring. Landscape connectivity at the scale of the entire County, although
achievable, would be computationally challenging and ecologically misleading. The County is bounded
by several protected areas to the northwest and cross-boundary habitats along most of its borders.
Using political boundaries for such an analysis runs the risk of misrepresenting the true ecological
context. However, analyses at smaller spatial scales within the County reveal the importance of the
intact natural grasslands and forest patches dispersed throughout the County, and the extensive forests
within the Cooking Lake Moraine. Several of these features are granted some form of protection, either
by the provincial government or conservation organizations. This protection and targeting of future
protected areas is warranted given the importance of these habitats and their associated wetlands.
One form of wetland conservation employed by the County was the support of our installation of 14
pond levellers beginning in 2014. Although there have been some maintenance issues at a couple of
sites, overall they are working well and have proved to be cost-effective. The key issue is ongoing
maintenance, which should be managed by County staff. Maintenance is relatively easy, and locations
provided in this report make each site easy to find.
Biodiversity monitoring continued for aquatic macroinvertebrates, mammals, and birds. Analysis of
these data is ongoing, but preliminary results present an interesting story of how the different land
cover types within the County support an array of biodiversity at various taxonomic levels. Monitoring
wildlife with wildlife cameras and birds with ARUs has proven helpful when detecting uncommon
species and noting distribution trends in more ubiquitous species.
The ARUs provided valuable data for monitoring birds among various habitat types. As such, we
recorded 110 species. It is valuable to know that natural grasslands have a very high species diversity; in
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the Beaver County, such habitats have close interaction with smaller aspen stands, which increases their
potential for increased diversity. However, such grassland sites are rare and under threat. They should
receive improved protection and management attention to conserve birds.
While we focussed primarily on bird species diversity thus far, further analysis will examine which
species are most common in each of the habitat types. In addition, we plan to analyze relative
abundance among the sites; that is, some species of birds are fairly common (occurring in each site or
time period), while some are only recorded 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, Kelsey Bourgeois, a M.Sc. student from Royal Roads University, will conduct
further analysis of the bird data to examine differences in wetland/upland sites and among the four
habitat types.
In terms of limitations, 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).
As a public introduction to the County’s natural spaces, the Nature Hotspots tool allows residents and
visitors to learn more about several special places within Beaver County. There are many ways for
Beaver County to maximize the impact of the nature hotspots document, including the following: 1.
monitor the number of hits that the website receives to provide a benchmark and comparison among
other websites that Beaver County administers, 2) engage in a refresh of the hotspots document after
about five years to ensure accurate and reliable information, consider adding new sites, and deleting
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sites that are no longer appropriate, 3) collaborate with other agencies (e.g., Alberta Parks, Alberta Fish
and Game Association, municipalities) and jurisdictions (e.g., nearby counties) to identify each other’s
relevant websites in order to promote nature viewing across boundaries. For example, Tourism Camrose
has a similar nature hotspots document on its website
(https://www.yumpu.com/en/document/view/32151660/birding-and-nature-hotspots-aroundcamrose-tourism-camrose), and 4) document various types of impacts resulting from use at the
hotspots. This could include annual visitation, economic expenditures, conflict or collaboration with
nearby landowners, and environmental impacts.
Lastly, conference and public talks provide important venues for highlighting the research within Beaver
County. Future publications will increase our understanding of how mixed-use landscapes adapt to
varied land uses and novel management approaches.
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APPENDIX A:
POND LEVELLER CONDITION REPORT, NOVEMBER 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: $837.44

After Install: November 3, 2017
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Install 2 (WPT 63)
Before Install:
Install Date: June 20, 2014
Install Costs: $1172.49
Additional Costs to Date: $740.68

After Install: November 3, 2017
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Install 3 (WPT 67)
Before Install:
Install Date: July 15, 2014
Install Costs: $1013.87
Additional Costs to Date: $869.68

After Install: May 17, 2017

November 2018

Natural goods and services in a mixed-use landscape

91

Hood, Hvenegaard, and McIntosh 2018

Install 4 (WPT 76)
Before Install:
Install Date: July 17, 2014
Install Costs: $981.34
Additional Costs to Date: $715.42

After Install: November 3, 2017
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Install 5 (WPT 98)
Before Install:
Install Date: July 30, 2014
Install Costs: $756.33
Additional Costs to Date: $527.07

After Install: November 3, 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: $508.33

After Install: May 16, 2017

*Pond leveler inspected on November 3, 2017, no images taken.
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Install 7 (WPT 100b - Downstream)
Before Install:
Install Date: August 27, 2014
Install Costs: $975.48
Additional Costs to Date: $368.14

After Install: May 19, 2017

*Pond leveler inspected on November 3, 2017, no images taken.
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Install 8 (WPT 101)
Before Install:
Install Date: August 20, 2014
Install Costs: $1073.16
Additional Costs to Date: $813.34

After Install: November 3, 2017
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Install 9 (WPT 102)
Before Install:
Install Date: August 15, 2014
Install Costs: $1077.64
Additional Costs to Date: $556.59

After Install: November 3, 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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*Pond leveler not checked in November due to lack of issues in the summer of 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

*Pond leveler not checked in November due to lack of issues in the summer of 2017
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Install 13 (WPT 179)
Before Install:
Install Date: August 7, 2015
Install Costs: $986.59
Additional Costs to Date: $359.20

After Install: May 17, 2017

*Pond leveler checked in November, no images taken.
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Install 14 (WPT 007)
Before Install:
Install Date: June 14, 2016
Install Costs: $1196.41
Additional Costs to Date: $270.34

After Install: November 3, 2017
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APPENDIX B:
FULL LIST OF BIRD SPECIES RECORDED DURING DEPLOYMENT OF AUTONOMOUS RECORDING UNITS
(ARUs) IN BEAVER COUNTY IN 2017 SPRING BREEDING SEASON
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Table B1. Full list of all bird species detected using song meters (ARUs - autonomous recording units)
in four habitat types (natural grassland, agriculture, aspen parkland, and boreal) in Beaver County,
Alberta from May 22to July 2, 2017.
ORDER
ACCIPITRIFORMES
ANSERIFORMES
ANSERIFORMES
ANSERIFORMES
ANSERIFORMES
ANSERIFORMES
ANSERIFORMES

Family
ACCIPITRIDAE
ANATIDAE
ANATIDAE
ANATIDAE
ANATIDAE
ANATIDAE
ANATIDAE

Genus
Buteo
Anas
Bucephala
Anas
Branta
Aythya
Bucephala

Species
jamaicensis
americana
albeola
discors
canadensis
valisineria
clangula

ANSERIFORMES
ANSERIFORMES

ANATIDAE
ANATIDAE

Anas
Anas

strepera
crecca

ANSERIFORMES
ANSERIFORMES
ANSERIFORMES

ANATIDAE
ANATIDAE
ANATIDAE

Anas
Anas
Anas

platyrhynchos
acuta
clypeata

ANSERIFORMES
ANSERIFORMES
ANSERIFORMES
PELECANIFORMES
PELECANIFORMES

ANATIDAE
ANATIDAE
ANATIDAE
ARDEIDAE
ARDEIDAE

Aythya
Aythya
Oxyura
Botaurus
Nycticorax

americana
collaris
jamaicensis
lentiginosus
nycticorax

PELECANIFORMES
PASSERIFORMES

Ardea
Bombycilla

herodias
garrulus

Bombycilla

cedrorum

Chordeiles

minor

PASSERIFORMES

ARDEIDAE
BOMBYCILLIDA
E
BOMBYCILLIDA
E
CAPRIMULGID
AE
CARDINALIDAE

PASSERIFORMES
CHARADRIIFORMES
COLUMBIFORMES
COLUMBIFORMES
PASSERIFORMES
PASSERIFORMES

CERTHIIDAE
CHARADRIIDAE
COLUMBIDAE
COLUMBIDAE
CORVIDAE
CORVIDAE

Certhia
Charadrius
Zenaida
Columba
Corvus
Pica

PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

CORVIDAE
CORVIDAE
EMBERIZIDAE

Cyanocitta
Corvus
Spizella

PASSERIFORMES
PASSERIFORMES

EMBERIZIDAE
EMBERIZIDAE

Junco
Ammodramus

PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

EMBERIZIDAE
EMBERIZIDAE
EMBERIZIDAE

Melospiza
Ammodramus
Passerculus

PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

EMBERIZIDAE
EMBERIZIDAE
EMBERIZIDAE
EMBERIZIDAE

Melospiza
Melospiza
Pooecetes
Zonotrichia

PASSERIFORMES

EMBERIZIDAE

Zonotrichia

PASSERIFORMES

FRINGILLIDAE

Carduelis

PASSERIFORMES
CAPRIMULGIFORMES

Pheucticus

PASSERIFORMES
GAVIIFORMES
GRUIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

FRINGILLIDAE
GAVIIDAE
GRUIDAE
HIRUNDINIDAE
HIRUNDINIDAE
ICTERIDAE
ICTERIDAE

Carduelis
Gavia
Grus
Progne
Tachycineta
Icterus
Molothrus

PASSERIFORMES
PASSERIFORMES

ICTERIDAE
ICTERIDAE

Dolichonyx
Euphagus

PASSERIFORMES

ICTERIDAE

Quiscalus

November 2018

ENGLISH NAME
Red-tailed Hawk
American Wigeon
Bufflehead
Blue-winged Teal
Canada Goose
Canvasback
Common
Goldeneye
Gadwall
Green-winged
Teal
Mallard
Northern Pintail
Northern
Shoveler
Redhead
Ring-necked Duck
Ruddy Duck
American Bittern
Black-crowned
Night-Heron
Great Blue Heron
Bohemian
Waxwing
Cedar Waxwing

CODE
RTHA
AMWI
BUFF
BWTE
CANG
CANV
COGO

Song
no
no
no
no
no
no
no

Call
yes
yes
yes
yes
yes
yes
yes

GADW
GWTE

no
no

yes
yes

MALL
NOPI
NSHO

no
no
no

yes
yes
yes

REDH
RNDU
RUDU
AMBI
BCNH

no
no
no
no
no

yes
yes
yes
yes
yes

GBHE
BOWA

no
yes

yes
no

CEDW

yes

no

Common
CONI
Nighthawk
ludovicianus
Rose-breasted
RBGR
Grosbeak
americana
Brown Creeper
BRCR
vociferus
Killdeer
KILL
macroura
Mourning Dove
MODO
livia
Rock Pigeon
ROPI
brachyrhynchos
American Crow
hudsonia
Black-billed
BBMA
Magpie
cristata
Blue Jay
BLJA
corax
Common Raven
CORA
pallida
Clay-colored
CCSP
Sparrow
hyemalis
Dark-eyed Junco
DEJU
leconteii
Le Conte's
LCSP
Sparrow
lincolnii
Lincoln's Sparrow
LISP
nelsoni
Nelson's Sparrow
NESP
sandwichensis
Savannah
SAVS
Sparrow
melodia
Song Sparrow
SOSP
georgiana
Swamp Sparrow
SWSP
gramineus
Vesper Sparrow
VESP
leucophrys
White-crowned
WCSP
Sparrow
albicollis
White-throated
WTSP
Sparrow
tristis
American
AMGO
Goldfinch
pinus
Pine Siskin
PISI
immer
Common Loon
COLO
canadensis
Sandhill Crane
SACR
subis
Purple Martin
PUMA
bicolor
Tree Swallow
TRES
galbula
Baltimore Oriole
BAOR
ater
Brown-headed
BHCO
Cowbird
oryzivorus
Bobolink
BOBO
cyanocephalus
Brewer's
BRBL
Blackbird
quiscula
Common Grackle
COGR

no

yes

yes

yes
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yes
no
maybe
no
AMCR
no

yes
yes
maybe
yes
no
yes

no
no
yes

yes
yes
no

yes
yes

yes
no

yes
yes
yes

no
no
no

yes
yes
yes
yes

no
no
no
yes

yes

yes

yes

yes

yes
no
no
yes
yes
yes
yes

yes
yes
yes
no
yes
no
no

yes
yes

no
no

yes

no
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ORDER
PASSERIFORMES

Family
ICTERIDAE

Genus
Agelaius

Species
phoeniceus

PASSERIFORMES

ICTERIDAE

Sturnella

neglecta

PASSERIFORMES

ICTERIDAE

Xanthocephalus

xanthocephalus

PASSERIFORMES
CHARADRIIFORMES
CHARADRIIFORMES
CHARADRIIFORMES
CHARADRIIFORMES
CHARADRIIFORMES
PASSERIFORMES
PASSERIFORMES

LANIIDAE
LARIDAE
LARIDAE
LARIDAE
LARIDAE
LARIDAE
MIMIDAE
PARIDAE

Lanius
Chlidonias
Larus
Sterna
Leucophaeus
Larus
Dumetella
Poecile

excubitor
niger
californicus
hirundo
pipixcan
delawarensis
carolinensis
atricapillus

PASSERIFORMES

PARULIDAE

Setophaga

ruticilla

PASSERIFORMES

PARULIDAE

Dendroica

striata

PASSERIFORMES

PARULIDAE

Dendroica

virens

PASSERIFORMES

PARULIDAE

Oporornis

agilis

PASSERIFORMES

PARULIDAE

Geothlypis

trichas

PASSERIFORMES

PARULIDAE

Dendroica

pensylvanica

PASSERIFORMES

PARULIDAE

Oporornis

philadelphia

PASSERIFORMES

PARULIDAE

Vermivora

celata

PASSERIFORMES
PASSERIFORMES

PARULIDAE
PARULIDAE

Seiurus
Vermivora

aurocapilla
peregrina

PASSERIFORMES
PASSERIFORMES

PARULIDAE
PARULIDAE

Dendroica
Dendroica

petechia
coronata

GALLIFORMES
PICIFORMES

PHASIANIDAE
PICIDAE

Bonasa
Picoides

umbellus
pubescens

PICIFORMES

PICIDAE

Picoides

villosus

PICIFORMES
PICIFORMES

PICIDAE
PICIDAE

Colaptes
Dryocopus

auratus
pileatus

PICIFORMES

PICIDAE

Sphyrapicus

varius

PODICIPEDIFORMES
PODICIPEDIFORMES

PODICIPEDIDAE
PODICIPEDIDAE

Podilymbus
Podiceps

podiceps
grisegena

GRUIFORMES
GRUIFORMES
GRUIFORMES
CHARADRIIFORMES

Fulica
Porzana
Coturnicops
Recurvirostra

americana
carolina
noveboracensis
americana

CHARADRIIFORMES
CHARADRIIFORMES

RALLIDAE
RALLIDAE
RALLIDAE
RECURVIROSTRI
DAE
SCOLOPACIDAE
SCOLOPACIDAE

Tringa
Tringa

flavipes
solitaria

CHARADRIIFORMES

SCOLOPACIDAE

Actitis

macularius

CHARADRIIFORMES
CHARADRIIFORMES
CHARADRIIFORMES

SCOLOPACIDAE
SCOLOPACIDAE
SCOLOPACIDAE

Numenius
Tringa
Gallinago

phaeopus
semipalmata
delicata

PASSERIFORMES

SITTIDAE

Sitta

carolinensis

STRIGIFORMES

STRIGIDAE

Bubo

virginianus

STRIGIFORMES

STRIGIDAE

Aegolius

acadicus

PASSERIFORMES

STURNIDAE

Sturnus

vulgaris

November 2018

ENGLISH NAME
Red-winged
Blackbird
Western
Meadowlark
Yellow-headed
Blackbird
Northern Shrike
Black Tern
California Gull
Common Tern
Franklin's Gull
Ring-billed Gull
Gray Catbird
Black-capped
Chickadee
American
Redstart
Blackpoll
Warbler
Black-throated
Green Warbler
Connecticut
Warbler
Common
Yellowthroat
Chestnut-sided
Warbler
Mourning
Warbler
Orange-crowned
Warbler
Ovenbird
Tennessee
Warbler
Yellow Warbler
Yellow-rumped
Warbler
Ruffed Grouse
Downy
Woodpecker
Hairy
Woodpecker
Northern Flicker
Pileated
Woodpecker
Yellow-bellied
Sapsucker
Pied-billed Grebe
Red-necked
Grebe
American Coot
Sora
Yellow Rail
American Avocet

CODE
RWBL

Song
yes

no

WEME

yes

no

YHBL

yes

no

NSHR
BLTE
CAGU
COTE
FRGU
RBGU
GRCA
BCCH

yes
no
no
no
no
no
yes
yes

no
yes
yes
yes
yes
yes
no
yes

AMRE

yes

no

BLPW

yes

no

BTNW

yes

no

CONW

yes

no

COYE

yes

no

CSWA

yes

no

MOWA

yes

no

OCWA

yes

no

OVEN
TEWA

yes
yes

no
no

YEWA
YRWA

yes
yes

no
yes

RUGR
DOWO

no
maybe

no
yes

HAWO

maybe

yes

NOFL
PIWO

maybe
maybe

yes
yes

YBSA

no

yes

PBGR
RNGR

no
no

yes
yes

AMCO
SORA
YERA
AMAV

no
yes
yes
no

yes
yes
yes
yes

Lesser Yellowlegs
Solitary
Sandpiper
Spotted
Sandpiper
Whimbrel
Willet
Wilson's Snipe

LEYE
SOSA

no
no

yes
yes

SPSA

no

yes

WHIM
WILL
WISN

no
no
no

yes
yes
yes

White-breasted
Nuthatch
Great Horned
Owl
Northern Sawwhet Owl
European
Starling

WBNU

yes

yes

GHOW

yes

yes

NSWO

yes

no

EUST

yes

yes
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ORDER
APODIFORMES

Family
TROCHILIDAE

Genus
Archilochus

Species
colubris

PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

TROGLODYTIDAE
TURDIDAE
TURDIDAE
TURDIDAE

Troglodytes
Turdus
Catharus
Catharus

aedon
migratorius
guttatus
ustulatus

PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES
PASSERIFORMES

TURDIDAE
TYRANNIDAE
TYRANNIDAE
TYRANNIDAE
TYRANNIDAE
TYRANNIDAE

Catharus
Empidonax
Tyrannus
Sayornis
Empidonax
Contopus

fuscescens
alnorum
tyrannus
phoebe
minimus
sordidulus

PASSERIFORMES
PASSERIFORMES

VIREONIDAE
VIREONIDAE

Vireo
Vireo

olivaceus
gilvus

November 2018

ENGLISH NAME
Ruby-throated
Hummingbird
House Wren
American Robin
Hermit Thrush
Swainson's
Thrush
Veery
Alder Flycatcher
Eastern Kingbird
Eastern Phoebe
Least Flycatcher
Western WoodPewee
Red-eyed Vireo
Warbling Vireo

CODE
RTHU

Song
yes

no

HOWR
AMRO
HETH
SWTH

yes
yes
yes
yes

no
no
yes
yes

VEER
ALFL
EAKI
EAPH
LEFL
WEWP

yes
yes
yes
yes
yes
yes

yes
yes
no
no
no
no

REVI
WAVI

yes
yes

yes
no
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APPENDIX C:
NATURE HOTSPOTS WEBPAGES

November 2018

Natural goods and services in a mixed-use landscape

111

Hood, Hvenegaard, and McIntosh 2018

November 2018

Natural goods and services in a mixed-use landscape

112

Cooking Lake-Blackfoot Provincial Recreation Area

For Tips and Etiquette
of Nature Viewing Click
“i” Above

Parkland Natural Area
Francis Viewpoint

Ministik Lake Game Bird Sanctuary

Tofield Nature Center

Beaverhill Bird Observatory

Earth Academy Park

Viking Bluebird Trails
Black Nugget Lake Park

Click on the
symbol of the
nature hotspot you would like
to visit within Beaver County

Camp Lake Park

Daysland Property

Viking Ribstones

All photos property of Jordan Nakonechny unless otherwise stated

Prepared by Dr. Glynnis Hood, Dr. Glen
Hvenegaard, Dr. Anne McIntosh, Wyatt Beach,
Emily Grose, and Jordan Nakonechny in
partnership with the University of Alberta
Augustana Campus and the County of Beaver

Return
to map

Beaverhill Bird Observatory

The Beaverhill Bird Observatory was established in 1984 and is the
second oldest observatory for migration monitoring in Canada. The
observatory possesses long-term datasets for the purpose of analyzing
population trends, migration routes, breeding success, and survivorship
of avian species. The observatory is located on the edge of Beaverhill
Lake, which was designated as a RASMAR in 1987. Beaverhill Lake has
been recognized as an Important Bird Area with the site boasting over
270 species, 145 which breed locally. Just a short walk from the
laboratory one can commonly see or hear white-tailed deer, tree
swallows, yellow warblers, house wrens, yellow-headed blackbirds, redwinged blackbirds, sora rails, and plains garter snakes.
For more information and directions visit: http://beaverhillbirds.com/

Return
to map

Black Nugget Lake Park

Black Nugget Lake Park contains a campground of well-treed sites
surrounding a human-made lake created from an old coal mine. At
this site one can fish for trout from the stocked lake, use nonpowered boats, canoes, and kayaks, and enjoy seeing and hearing a
variety of waterfowl and songbirds. A single hiking trail wraps around
the east side of the lake and offers a beautiful view of the
waterbody. One can view American white pelicans, red-winged
blackbirds, lesser scaups, blue-winged teals, yellow warblers, and
white-tailed deer on the property.
For more information and directions visit:
http://www.beaver.ab.ca/tourism/campgrounds

Return
to map

Cooking Lake-Blackfoot Provincial
Recreation Area
The Cooking Lake-Blackfoot Provincial Recreation Area is nestled
within the Cooking Lake Moraine. This site provides opportunities
for grazing, skiing, horseback riding, hiking, and biking. With 3
different staging areas, one can tailor their day accordingly. As you
wander the recreation area, be on the lookout for white-tailed
deer, coyotes, beavers, and a variety of snakes and amphibians.
One may also view red-necked grebes and a diversity of songbirds.
For more information on access, activities, and trails visit:
https://www.albertaparks.ca/parks/central/cooking-lakeblackfoot/

Return
to map

Parkland Natural Area
The Parkland Natural Area, located west of Tofield, offers a pristine
example of parkland habitat. With multiple wetlands and plenty of trees,
visitors can expect to see moose, white-tailed deer, and a variety of
waterfowl and songbirds. The site has one semi-groomed trail that cuts
west into the property; signs are visible at the starting point. Access is
best achieved by travelling north on range road 201 off of highway 14
West.
For more information visit:
http://www.albertaparks.ca/parks/central/parkland/

Return
to map

Ministik Lake Game Bird Sanctuary
The Ministik Lake Game Bird Sanctuary, established in 1911, was the
first bird sanctuary within Alberta. The sanctuary is home to a large
variety of wildlife on an enormous 7,349 hectare area. The sanctuary
hosts many species of songbirds and waterfowl, in addition to deer,
moose, coyotes, and rabbits. The area contains informal old trails and
one marked formal trail known as “Waskahegan Trail.” Activities
welcomed include horseback riding, snowmobiling, and hiking. To access
the sanctuary travel west on Township 510 between Range Roads 205
and 212.
Trail map and directions: http://www.tri-county.ab.ca/trail-maps

Return
to map

Earth Academy Park – Ryley
Earth Academy Park is located at the north end of Ryley, and
offers a collection of groomed trails, along with picnic tables
and an outhouse. Cedar waxwings commonly occupy the park, as
well as yellow-bellied sapsuckers. Be sure to be on the lookout
for other birds visiting this park.

Return
to map

Viking Bluebird Trails
The summer of 2017 marked the 41st year that the Viking Bluebird Trail
had nest boxes available for breeding mountain bluebirds. Starting with
just 200 nest boxes in 1977, the trail now boasts 1215 boxes. The trail
itself is over 250 miles of country roads, offering one of the most dense
concentrations of mountain bluebirds in the province. This impressive
feat of environmental stewardship is led by Pres Winter of Viking
(pictured right). Pres has devoted countless hours to support conservation
of this avian species. While the entire trail system is extensive and
complex, Pres has labeled 3 easy-to-navigate trails to provide
opportunities for the public to see one of the most colourful birds in
central Alberta. For more information on these trails please visit the next
page.

NEXT
Interested in volunteering or a guided tour?
Click here for more information!

1) Torlea Road Bluebird
Trail

Twp Rd 490

Twp Rd 484

(3)

Twp Rd 460

Rge Rd 120

Rge Rd 115

Twp Rd 472

Rge Rd 112

(2)

Rge Rd 114

Rge Rd 120

2) The Hunter Trail

Twp Rd 474

Rge Rd 121

(1)

Twp Rd 492

Rge Rd 134

Rge Rd 135

Return to
previous
page

Twp Rd 494

Rge Rd 141

Return
to map

Twp Rd 463

3) The Ribstone Trail

Return
to main
map
Return to
bluebird
map

1) Torlea Road North Trail
Travelling from the west on highway 14 you will turn
north on the Torlea Road (Range Road 141), which is
halfway between Bruce and Viking. The first nest box is
about 1 mile north and is box number 705, which is on
the east side of the road. Continue north for 6.5 miles,
turn east on Township Road 494 and continue for 2 miles
to Range Road 135 where the trail turns south for 2
miles. Turn east on Township Road 492 for 1 mile. The
boxes on this 1 mile stretch are usually occupied 60-70%
with mountain bluebirds. Now turn around and go back
west for 1 mile back to Range Road 135 and travel south
for 2 miles. Turn east on Township 490 and then turn
south on Range Road 134 after 1 mile. Continue on
Range Road 134 for 2 miles. From here turn east on to
Township Road 484 for 3 miles where you will meet
highway 36. The town of Viking is 4 miles south on
highway 36.
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2) The Hunter Trail
In 2017 the nest boxes on this trail were 61%
occupied by mountain bluebirds. Travel east from
Viking for 6 miles on highway 619 and turn south on
to Range Road 120. Go south for 1 mile and turn east
on Township Road 474. The trail begins here.
Continue driving east for 2 miles where the road
turns south and becomes Range Road 114. Go south
for 2 miles and then turn east for 2 miles. Turn south
on to Range Road 112, travel south for 3 miles. You
are now at the entrance road into the hamlet of
Kinsella. For more bluebird watching, turn east here
and follow this “ridge road” which travels from
southwest to northeast of a section of land. It is a
high road and the view is beautiful in all directions
and eventually comes out on Township Road 470. Go
a short distance east and turn south on to Range Road
111. Now go south for 2 and a half miles where the
trail ends at highway 14. Turn right (west) to return
to Kinsella.
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3) The Ribstone Trail
This has been one of our best trails over the past years
with 50-70% of the nest boxes being occupied by
mountain bluebirds.
From Kinsella travel west for just over 2 miles on
highway 14 and turn left on highway 615 (Highway 26)
towards Camrose. Within 200 meters turn left. The trail
begins Range Road 115 and Township 470.
From Viking travel 7-8 miles east on highway 14 towards
Kinsella and then turns back towards Camrose on
highway 615 (Highway 26) and once again turn left
within 200 meters.
From Camrose travel east on highway 26 to just before
where this highway meets highway 14. Turn right at
Range Road 115 and Township Road 470.
Begin this trail by travelling south for 3 miles the nest
boxes are on the west side of the road. After passing
nest box 250 the trail turns west for 1 mile. Now turn
south on Range Road 120 and proceed for 3 miles where
you will turn west on Township Road 460, which is the
road that divides the County of Beaver from the County
of Flagstaff. Continue west for 1 mile then turn north
on Range Road 121 and travel for 4 miles up to Township
Road 464 where the road turns back east for half a mile
and then turns back north for a quarter mile where the
ribstone trail ends at nestbox 356.
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Viking Ribstones

The Viking Ribstones are 2 large boulders that were carved into the form
of an animal’s ribcage. Ribstones are very rare within the province with
only 9 being discovered so far. First Nations peoples historically relied
heavily on the buffalo and these Ribstone Shrines served as a site to
express gratitude and prayers to Old Man Buffalo, who was the spiritual
protector of the buffalo herds. At this important spiritual site, offerings
of tobacco, prayer cloths, and coins are still left. While visiting this site,
be on the lookout for a variety of song birds in the bordering trees and
thirteen-lined ground squirrels which occupy the hillside.

For more information and directions visit:
http://townofviking.ca/visitors/things-to-do-points-of-interest/182local-history-and-culture/536-viking-ribstones
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Tofield Nature Center
The Tofield Nature Center is located on the southern outskirts
of town and shares a parking lot with the Country Boyz gas
station. This facility offers a hands-on experience with natural
artifacts and provides education about the natural history and
wildlife of the area. Exhibits contain birds, fish, semi-aquatic
mammals, terrestrial mammals, and even a variety of insects.
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Natures Marsh
Located just behind the Tofield Nature Center is Nature’s Marsh, a
wetland with self-guided trails that allow visitors to see and
interact with wetland plants and wildlife. Around this wetland,
one can see an abundance of cattails and red-winged blackbirds
along the trails and a boardwalk.
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Francis Viewpoint
Francis Viewpoint is located just east of Tofield between the
town and the Beaverhill Bird Observatory. The displays provide
an impressive amount of information about the birds around this
viewpoint. The trail that leads out to the blind is lined with bird
feeders and nest boxes hosting multiple species. Commonly
seen around this area are mountain bluebirds, tree swallows,
barn swallows, thirteen-lined ground squirrels, and a variety of
sparrows. From Tofield head east down Highway 626 after
passing the intersection for Highway 834 travel approximately 3
kilometers east and the turnoff for Francis Viewpoint will be on
the north side of the road.
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Camp Lake Park

Camp Lake Park, located east of Viking, offers a variety of
activities such as boating, waterskiing, swimming, and
hiking. The park has two beaches, a boat launch, and
multiple picnic shelters and cookhouses. While visiting
Camp Lake Park, be on the lookout for white-tailed deer,
waterfowl, and a variety of songbirds. In 2014 a black bear
was even sighted within the area.
For directions and maps please visit:
http://www.beaver.ab.ca/tourism/campgrounds/camplake-park

http://www.beaver.ab.ca/public/download/documents/8236

http://zkahlina.ca/eng/2016/06/26/camping-at-the-camp-lake/

http://www.beaver.ab.ca/tourism/campgrounds/camp-lake-park
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Daysland Property
The Daysland Property is managed by 3 partners, the Alberta
Conservation Association, Alberta Parks and Environment, and Ducks
Unlimited. This 964 acre site consists of habitats ranging from
grasslands to treed uplands, all dotted with wetlands. The varying
habitat supports a large variety of wildlife including deer, moose,
songbirds, waterfowl, shorebirds, and an array of small mammals.
Although this site lacks trails, visitors are encouraged to explore it
on foot. The south side of this property offers an abundance of wild
raspberries and saskatoons for berry pickers to enjoy. From Holden
travel south down Highway 855 to Township Road 472. This junction
marks the sites southeast corner.
For more information visit:
http://www.albertadiscoverguide.com/site.cfm?grid=D3&number=69
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Pres Winter is happy to provide guided tours, depending on his availability,
and is always welcoming of volunteers. To inquire about either opportunity
contact Pres Winter at:
Pres Winter
Box 218
Viking, AB T0B 4N0
1-780-336-2576
winterp@telusplanet.net
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Tips and Etiquette to Viewing and
Enjoying Nature

Tips:
1) Move slowly
2) Have gear and clothing of neutral colours
3) Refrain from using scented items prior to heading out
4) Have the right equipment (binoculars)
5) Have identification guides on hand
6) Time of day – Dusk and dawn are peak viewing times
7) Leave pets at home – pets may startle and even kill
wildlife
8) Use all your senses to help locate wildlife, listening
and actively looking are key
Etiquette
1) Avoid disturbing/surprising wildlife
2) Pack in pack out – leave what you came with
3) Be mindful of rare species that could be at risk or
vulnerable animals, such as young
4) Never feed wild animals
For more information visit:
http://www.env.gov.yk.ca/animals-habitat/tips.php

https://www.theweathernetwork.com/photos/view/outdoor-activities/sunset-on-islet-lake-close-to-tofield-alberta/19061678

