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Summary
The need to follow agricultural practices that are ecologically sustainable is 
increasingly evident given the current crises of climate change and biodiversity 
loss. Various approaches to agriculture, such as agro-ecology and diversified 
farming systems, aim to maintain the biodiversity that provides necessary 
ecosystem services for the farm economy at various scales, in contrast to the 
ecological simplification of intensive agriculture (Kremen et al. 2012). These 
approaches recognize that many native species provide vital ecosystem services 
and need to be conserved in agricultural landscapes.  

In this context we propose a set of Beneficial Management Practices (BMPs) 
for conservation of a suite of wildlife species that live in Yukon’s agricultural 
landscapes and that provide farmers with valuable ecological services of pest 
control and pollination. The species in question are all listed at risk under the 
Canadian National Species at Risk Act because of dramatic population declines 
in other parts of their range. These are three species of birds (Barn Swallow 
(Hirundo rustica), Bank Swallow (Riparia riparia), and Rusty Blackbird 
(Euphagus carolinus)), the most common bat in Yukon (Little Brown Bat 
(Myotis lucifugus)), and four species of bumble bees (Gypsy Cuckoo Bumble 
Bee (Bombus bohemicus), Suckley’s Cuckoo Bumble Bee (Bombus suckleyi), 
Yellow-banded Bumble Bee (Bombus terricola), and McKay's Western Bumble 
Bee (Bombus mckayi)). We have compiled the scientific evidence in support of 
these Beneficial Management Practices from the published literature and from 
our own field studies of the species in question undertaken in south Yukon’s 
agricultural landscapes. 

Some of the Beneficial Management Practices would benefit all the species 
concerned. The most prominent practice is keeping water bodies and streams 
(especially ponds and small lakes), with buffers of natural vegetation, out of 
agricultural land allocations so as to maintain their ecological functioning and 
habitat values. The agricultural landscape at large will then benefit from the 
services provided by the birds, bats, and bees that rely on the water bodies 
and adjacent vegetation but that also move widely within farms. Other com-
prehensively valuable BMPs include minimizing use of herbicides, pesticides, 
and fungicides, along with maintaining various and diverse components of the 
native vegetation (e.g., floral meadows, windbreaks, forest patches) within the 
matrix of cleared lands.

Most of the BMPs are targeted specifically at one or a few of these species-
at-risk. Many focus on the need to find food. For example, bumble bees (and 
other native insects) feed on flowers of berry crops, providing valuable pol-
lination services, but also require other flowering plants for nectar and pollen 
throughout the growing season. These complementary food sources can be 
provided by intercropping with flowering plants, and by retention of flower 
meadows.  The success of these pollinators is put at risk by indiscriminate use of 
domesticated bumble bees and honey bees, species that can spread disease and 
outcompete some native pollinators.  Barn Swallows benefit from easy access 
to livestock that attract concentrations of flying insects, some of which are 
pests that the swallows control. Little Brown Bats, Bank Swallows and Rusty 
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Blackbirds all feed intensively on the high concentrations of insect prey associ-
ated with intact wetlands and ponds, helping to control some of these insects 
that are pests (e.g., mosquitoes).

Many of the BMPs aim to provide shelter and secure sites for reproduction. 
Barn Swallows rely on human-made structures for nest sites; careful design and 
management of farm buildings can enhance their nesting. Little Brown Bats also 
often shelter in farm buildings. Provision of roosting structures can keep them 
active on farms especially when their use of specific buildings is a problem and 
has to be stopped. Bumble Bees can find adequate cavities for summer nesting 
and overwintering when small forest patches and windrows are retained close 
to crops to be pollinated.

Yukon’s agricultural landscapes currently support all these targeted spe-
cies at risk, and numerous other wildlife species. The historical pattern of land 
clearing, and the limitation of most soil-based agriculture to valley bottoms, 
have left many wetlands intact, many patches of forest among fields, and rela-
tively short distances from most farms to intact forests on valley sides. These 
native species can continue to benefit farmers in the future, providing their ser-
vices, given adequate application of these Beneficial Management Practices in 
the planning and care of agricultural landscapes through government-led land 
planning processes and through land stewardship by property owners. Yukon’s 
agricultural sector can, at the same time, contribute significantly to ensuring a 
more sustainable future for these species. 
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1.0 Introduction
This document puts forward a set of Beneficial Management Practices (BMPs) 
regarding land and farm management so as to conserve some of the native 
wildlife species living on and using farmlands in Yukon. Although numer-
ous species of wildlife can co-exist with farming, the focus here is on a set of 
species that have been assessed nationally by the Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC) and found to be at some level of 
risk. Specifically, this set includes a mammal – the Little Brown Bat (Myotis 
lucifugus) considered “Endangered”, and three birds: Barn Swallow (Hirundo 
rustica) considered “Threatened”, Bank Swallow (Riparia riparia) considered 
“Threatened”, and Rusty Blackbird (Euphagus carolinus) considered “Special 
Concern”. It also includes a set of bumble bees:  Gypsy Cuckoo Bumble Bee 
(Bombus bohemicus) considered “Endangered”; Suckley’s Cuckoo Bumble 
Bee (Bombus suckleyi) considered “Threatened”; Yellow-banded Bumble Bee 
(Bombus terricola) and McKay's Western Bumble Bee (Bombus mckayi) con-
sidered “Special Concern”. All these species perform useful, and sometimes 
crucial, services for farmers, mostly by way of crop pollination and pest control. 
The emphasis on tangible farm practices is meant to make the BMPs relevant to 
farmers, rural land owners, and land use planners.

Despite their national rankings being at risk, these species appear to be 
doing relatively well in Yukon. Compared to many other parts of the country, 
a larger proportion of Yukon landscapes remain intact and uncultivated, and 
Yukon agricultural lands are not as extensive because they are restricted to val-
ley bottoms and maintain significant residual forest. This illustrates the key role 
that northern Canada can play in the future of these species at risk, and raises 
questions about how Yukon’s agricultural landscapes may best be stewarded for 
these and other species in the future.

The document first provides some context on Yukon’s agricultural land-
scapes, and on recent scientific findings and thinking about agricultural land-
scapes in general and their ability to jointly support certain native species 
along with crop and livestock production. The subsequent sections address 
the specific species, or species-groups in turn: birds, bats, and bumble bees. 
Within each section, there is a brief background on the species, followed by the 
Beneficial Management Practices themselves. The information on species biol-
ogy is limited to facts that relate to the BMPs; there are already many websites 
and books available detailing the life history and ecology of these species. The 
literature that is cited in the text is compiled, for all sections together, at the 
end of the document.

The BMPs are structured as summary statements (bold text), followed by 
documented evidence from the literature, and a synopsis (in italics) of the results 
of our field work on agricultural lands in southern Yukon that are relevant to 
the specific Practice. These results are still in the process of being published in 
the scientific literature, so are sometimes referred to as “unpublished data”. We 
include photos taken in southern Yukon by ourselves, unless otherwise indi-
cated. These illustrate useful application of as many of the BMPs as possible. 
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2.0 Context

2.1 Agriculture in Yukon
Agriculture is a relatively small and restricted use of land in Yukon, amounting 
to about 15,500 ha of private land designated for agriculture, and about 9,600 
ha of grazing leases on public lands (Government of Yukon 2018). In addition, 
rural property owners whose lands are not registered farms can clear land for 
agriculturally related purposes. Mountainous landscapes limit suitable terrain 
to the larger valley bottoms. Glaciers scoured southern Yukon as recently as 
about 13,000 years ago, so soils are young and often nutrient poor. A cold, 
subarctic climate restricts the length of the growing season and the rate of 
decomposition of organic materials for soil development (Smith et al. 2004). 

Agriculture’s small total footprint on the land does not adequately rep-
resent its impact, however. This is because it is constrained to valley bottoms 
that are also the most productive landscapes for forest and wetland ecosystems. 
Removing or impacting these ecosystems by permanently clearing land neces-
sarily results in a reduction in habitat for numerous species. A more reasonable 
measure of agriculture’s impact would be the proportion of valley bottom lands 
that are occupied by agricultural activities – both cleared lands and grazing 
leases.

Soil-based agriculture is mostly limited to valley-bottoms and often close to major rivers: Yukon River valley 
(Maria Leung). 

Agriculture in Yukon is growing in spatial extent, diversity of activities, 
and investment. The latest statistical summary is from the 2017 census (span-
ning change from 2011 to 2016), and shows a 9% increase in number of farms, 
including increases in the total areas growing hay which is the most extensive 
crop (3%), vegetables (50%), and berries (100%) (Government of Yukon 
2018). Livestock numbers also increased: cattle (15%), pigs (760%), and poul-
try (89%). The Yukon Government has led the development of a Local Food 
Strategy (Government of Yukon 2016) that advocates substantial investment in 
improving availability of new farmland, access to equipment and infrastructure 
for local food processing, education, and field testing of novel crops. Various 
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The most extensively grown crop is hay. This hay 
field includes portions fallow and summer harvested 
(Donald Reid).

government funding programs, notably the federal 
Canadian Agricultural Partnership investments, have 
provided capital for numerous projects (Government 
of Yukon 2018). These patterns continue today.

The drivers of these increases in agricultural 
activity are varied. A warming climate is creating 
improved growing conditions for some crops (King 
et al. 2018). The human population, especially in 
Whitehorse, is growing rapidly, creating more local 
demand (YBS 2022). Most food is imported from 
the south by road, a supply route that can readily be 
disrupted by fire or flood and that has a high carbon 
footprint, suggesting the need for more local supply 
(Government of Yukon 2016). Some southern sourc-
es of produce, such as California, are increasingly at 
risk in a changing climate (Pathak et al. 2018), also 
indicating the need for more local supply. Various First Nations have invested 
in their own community-run farms to increase their food sovereignty and secu-
rity (Government of Yukon 2020). Overall, there is growing interest in local 
food security in a more risk-prone world (Government of Yukon 2016, 2020). 
This trend in Yukon is part of growing interest in agriculture in boreal forest 
regions globally (King et al. 2018, Seguin et al. 2022), and stimulates questions 
about how to manage or steward the necessary agricultural production while 
maintaining the agricultural services provided by various native species and not 
putting all valley-bottom ecosystems at risk.

2.2 The Search for Ecologically Sustainable Agriculture
Farms are managed portions of ecosystems. Farmers are actively influencing or 
controlling various components of the relatively simple system they have cre-
ated so that crop and livestock yield can be improved. At the same time, many 
native species living on and near farmland are providing services for farmers 
that enhance the production of crops and the health of livestock. These include 
insects pollinating crops, and various birds, mammals, and insects eating pests 
whose populations can reduce the productivity of crops and livestock. The chal-
lenge lies in understanding the dynamics of these processes so that the full farm 
ecosystem can be managed sustainably, which includes persistence of as many 
native species as possible.

Proposing Beneficial Management Practices for conserving some wild 
species in agricultural landscapes, as we do in this document, is built on the 
assumption that farmlands have the ability to support a remarkable array of 
native species – plants, insects, amphibians, birds and mammals. Farms are not 
just simple fields of single crops, and land cleared for livestock. Farms can, and 
often need to, include habitats for numerous species that benefit the crops and 
livestock, and farms can also include habitats for a wider variety of species. 
That wider variety of species clearly cannot include all species living on the land 
before it was turned into farms. Species dependent on water bodies, wetlands, 



6 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

and the adjacent riparian shrubs and forests will not do well when riparian 
vegetation is cleared. Species relying on extensive upland habitats, especially 
forests, will not do well when land is cleared. Consequently, ecological sustain-
ability requires zoning of different land uses in land planning. Some valley-
bottoms need to be zoned for wild ecosystems, and some zoned for agriculture 
though with the exclusion of water bodies and wetlands plus their buffers of 
sufficient shrub and forest to sustain associated species. Segregation of land use 
functions, including agriculture, through such strategic land use planning is a 
crucial step for ecological sustainability regionally.

Within agricultural zones, we need to follow agricultural practices that are 
ecologically sustainable. Few farms are likely to be complete ecosystems because 
they require ongoing flows of nutrients, water, seeds and livestock in and out; 
they are not self-perpetuating systems. However, the various efforts around the 
world to make agriculture more sustainable generally involve retaining as much 
of the original biodiversity as possible. The goal is to make the individual farm 
or the agricultural landscape as complete a self-perpetuating ecosystem as pos-
sible (Francis and Porter 2011, Vandermeer 2011, Kremen et al. 2012). These 
efforts are often lumped under the term agro-ecology, and include regenerative 
agriculture, permaculture, organic agriculture, diversified farming systems, and 
agroforestry. Collectively, these are a response to the demonstrably unsustain-
able model of intensive agriculture that has increasingly dominated global food 
production in the late twentieth and early twenty-first centuries (Vandermeer 
2011, Kremen et al. 2012).

Intensive agriculture refers to higher crop or 
livestock yield per unit area (Douglas et al. 2018). 
Higher yield is associated with higher use of agro-
chemicals (such as fertilizers, pesticides, and herbi-
cides), increased mechanization, increased irrigation, 
reduced extent of natural vegetation, more homoge-
neous farm landscapes, and less fallow land, which 
together decrease availability of insect prey and habi-
tat for various life history needs of numerous spe-
cies (Wickramasinghe et al. 2003, Heim et al. 2015, 
Monck-Whipp et al. 2018, Put et al. 2019, Sánchez-
Bayo and Wyckhuys 2019, Traba and Morales 2019, 
Hendershot et al. 2020, Raven and Wagner 2020, 
Maslo et al. 2022), and increase pollution (Khanna 
and Gupta 2018, Withers et al. 2020) while degrad-
ing soil quality (Vandermeer 2011).

One characteristic of more intensive agriculture (this 
is Alberta) is large fields with single crops and very 
little retention of native vegetation along field edges 
(Donald Reid).

The Beneficial Management Practices that we describe here fit within the 
agro-ecological approach. Their aim is to keep as complete a set of native spe-
cies as possible on farms. The species at risk that we focus on here perform 
ecological functions that are a direct benefit or service to farm production. For 
the sake of their conservation and avoidance of pollution, the role of these spe-
cies should not be replaced with imported species or agrochemicals.
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3.0 Beneficial Management 
Practices for Three Species  
of Birds 
The following literature review on birds is specific to Barn Swallow, Bank 
Swallow, and Rusty Blackbird. These are species at risk that either have high 
likelihood of nesting on farms or are known to occupy habitats in the lowlands 
where most conversion of land to soil-based agriculture has occurred in Yukon.

3.1. Barn Swallow
3.1.1. Background
The Barn Swallow is considered “threatened” under the Canadian Species at 
Risk Act (SARA). For species listed under SARA, the Barn Swallow (Hirundo 
rustica) is unusual in that it is best known as an inhabitant of human-made 
structures on farmland. Most other species at risk have not co-existed so closely 
with humans for so long. The abundance of Barn Swallows is strongly associ-
ated with livestock farming, especially cattle and dairy farming (Ambrosini et 
al. 2002, 2011).  Traditional buildings not only have structures upon which to 
build nests, but the warmth generated from the livestock shelters the nests from 
cold temperatures, improving nestling survival (Grüebler et al. 2010, Møller 
2001). Hay fields and pastures associated with livestock husbandry also sup-
port a greater abundance of insect prey than intensive agriculture such as row 
crops (COSEWIC 2011). Swallows in general contribute to control of insect 
pests.  Swallows are aerial insectivores with a wide diet breadth, catching insects 
while flying in the air. Swallows will readily forage on pest insects as these 
become available (Orlowski et al. 2014).  

(Left) Farm yard structures provide perches for resting adult Barn Swallows (Maria Leung).

(Right) A pair of Barn Swallows has taken advantage of a horizontal structure close to an overhanging roof to 
build a nest, and will take turns incubating the eggs (Donald Reid).
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The decline in the global population of Barn Swallows has been document-
ed in Eurasia and North America. Factors contributing to the decline include: 
a change from mixed livestock/crop farming, associated with heterogenous 
landscapes, to intensive agriculture focussed on a few cash crops which results 
in relatively homogenous landscapes; the conversion of wetlands to cultivated 
lands (Jobin et al. 1996, Latendresse et al. 2008); change in the type of building 
structures associated with foraging habitats (COSEWIC 2011); and a decline 
in prey availability (Turner 1991, Basili and Temple 1999, Nebel et al. 2010).

3.1.2. Beneficial Management Practices
•	 Maintain or create strips of native vegetation beside water bodies and 

wetlands. Leaving or creating buffer strips along waterways and wetlands 
(Best 2000, Koford and Best 1996) maintains the ecological functioning of 
these aquatic habitats and so ensures an ongoing source of insect prey for 
Barn Swallows and other aerial insectivores. For Barn Swallows, having 
this habitat within 500m of nest sites is of particular value. Studies have 
found that most of their foraging effort is within this distance of their nest 
site (COSEWIC 2011). In Yukon, the farms with highest number of nest-
ing pairs of Barn Swallows were immediately adjacent to lakes, ponds, and 
wetlands (Leung, unpublished data).  

•	 Create new aquatic habitats on farms. Human-made aquatic habitats on 
farmland can be in the form of drainage ditches, designed to accumulate 
water, or small ponds (Lamoureux and Dion 2019). These provide habitats 
for a diversity of plants and animals, including the aquatic life stages of 
insects that, as adults, fly and become prey for aerial insectivores such as 
Barn Swallows. 

(Left) Retention of even a partial or narrow strip of native vegetation between field and wetland supports 
wetland functioning including production of aquatic insects that fly as adults and are Barn Swallow prey 
(Donald Reid).

(Right) When the water table is close to the ground surface, excavations can create new ponds that are 
water sources for livestock and native species, and habitat for aquatic insects on which Barn Swallows feed 
(Maria Leung).
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•	 Maintain livestock with outdoor pastures within about 500 m of build-
ings and structures where barn swallows nest. Pastures provide habitat 
for various life stages of insect prey for insectivorous birds. In Europe and 
North America, there has been a general move away from cattle farming 
with pastures, and a move towards the production of crops on arable land 
(e.g., cereals) (COSEWIC 2011).  This intensification, or homogenization, 
of agriculture has reduced the availability of insect prey for birds. Arable 
crops often require synthetic fertilizers and pesticides (Evans and Robinson 
2004). These crops also come with a loss of the rich aerial insect fauna 
associated with grazed grass (Evans 2001, Ambrosini et al. 2002, Murphy 
2003).  Intensive agriculture also tends to keep some livestock, notably 
pigs and chickens, indoors. Livestock manure heaps, outside in farm yards 
and pastures, enhance the food supply for swallows by providing a suitable 
substrate for coprophagous insects to proliferate (Grüebler et al. 2010). 
Including pastures and fenced areas for livestock within 500 m of Barn 
Swallow nests within a farming scheme would provide suitable foraging areas.  

(Left) Barn Swallows have built their mud nest on a rafter above 
a hay rack for feeding goats (Maria Leung). 

(Right) An open-sided pig barn is an excellent potential nesting 
space for Barn Swallows, and a wooden nest cup attached to a 
joist provides a future nesting site (Maria Leung).
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•	 Include farming practices that promote a struc-
tural diversity of vegetation in space and through 
time across the agricultural landscape. Having 
vegetation of varying heights increases insect 
species diversity (Grüebler et al. 2008).  Features 
such as hedgerows, windbreaks and groves of 
trees improve the diversity and abundance of 
prey and are known to accumulate insects dur-
ing adverse weather conditions (Benton et al. 
2002, Evans and Robinson 2004, Grüebler 2010, 
Orlowski et al. 2014). Leaving areas unculti-
vated, intercropping, and having a greater mix of 
crops, all support a higher diversity of birds on 
farmland (Kirk et al. 2011). 

•	 Provide mud close to possible nest sites during 
spring and early summer. Barn Swallows require 
mud to build their nests, and the availability of 
mud within a short distance of potential nest 
sites may limit their ability to nest (Barclay 1988, 
Kigore and Knudsen 1977). In Yukon, all barn 
swallow nests were built with a large proportion 
of mud, and the mud was readily available in the 
associated farm property close to the nesting site 
(Leung, unpublished data). 

•	 Avoid the use of pesticides and herbicides wher-
ever possible. Both herbicides and insecticides 
lower the quality of habitat for birds that hunt in 
open areas due to a reduction in habitat quality 
for insects and direct mortality of insects (Kirk et 
al 2011). Large-scale declines in insect prey have 
been implicated as a contributor to declines in 
aerial-foraging insectivores, including the Barn 
Swallow (COSEWIC 2011, Evans et al. 2007). 

A mix of forest stands, hedgerows, crop fields, 
pasture, unmanaged grasslands, wetlands and water 
bodies in close proximity provides excellent structural 
diversity for foraging Barn Swallows (Maria Leung).

Barn Swallows build their nests with local vegetation 
cemented together with mud, which adheres to 
various surfaces (Maria Leung).
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•	 Protect nests from predators where possible. Lamoureux and Dion (2019) 
recommended the avoidance of machinery, tools and materials within 180 
cm around and below occupied nests to reduce predation by cats and other 
predators. Slippery material such as metal flashing can also be nailed adja-
cent to and below nests to deter predators (Daly 2002). In Yukon, some 
nesting Barn Swallows lost eggs to magpies and deer mice, and some nest-
lings were predated by cats (Leung and Reid, In press). 

Domestic cats, deer mice, and Black-billed Magpies 
were recorded predating Barn Swallow nests on 
farms in south Yukon. The deer mice and Magpies 
primarily consumed eggs, and the cat was able to 
reach nestlings (Maria Leung and Donald Reid).

•	 Maintain nesting opportunities in and on buildings and other structures 
made by people. Barn Swallows are known to nest in and on a wide variety 
of buildings and structures made by people. These include barns, sheds, 
and houses. Generally, the birds select sites that are relatively sheltered, 
from bad weather and predators. So, they often nest inside the buildings, 
and always close to a roof or ceiling. To nest inside buildings, some flying 
route through a door or window has to be open all the time. Some farm 
buildings not previously used might become suitable nesting sites if open-
ings were created for permanent entry and exit. In Yukon, Barn Swallows 
use a wide variety of structures that can provide shelter. These include the 
inside of large and small barns with solid walls, livestock and other sheds 
with solid walls, garages, and open-walled structures to house hay and 
farm machinery. Close to 50% of nests we monitored over two years were 
inside buildings with closed walls. The swallows also successfully nested on 
the outside of buildings under eaves, covered porches, and decks (Leung 
and Reid, In press). The swallows are also known to repeatedly use nest 
sites year after year, so these buildings or structures, and the nest sites they 
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offer, appear to be necessary for the birds. In Yukon, 
Barn Swallows often re-use previously built nests for 
a number of years after first built. They also build 
new nests within a few metres of other nests, in suc-
cessive years, when the structure provides a suitable 
site to support a new nest (Leung and Reid, In press). 
For the actual nest site, the swallows require a surface 
that can support a nest made of mud mixed with 
vegetation and often livestock hair. The site is almost 
always close to an overhanging feature such as a 
roof, ceiling, or soffit. They often choose a horizontal 
surface, even a small one, such as a rafter, window 
frame, or top of light fixture. They also successfully 
build nests on near-vertical walls. Porous material 

such as wood without paint offers adequate adhesion for mud nests. Nests 
built on vinyl or metal siding, or painted wood, have higher risk of falling. 
Modern farm buildings, for example barns, are increasingly built of metal, 
and may have fewer suitable surfaces on which to build nests. This has been 
implicated as a factor in declines of Barn Swallows in some agricultural 
regions (COSEWIC 2011). In Yukon, Barn Swallows were found to build 
nests at a wide diversity of sites with a well-protected horizontal feature 
such as rafters, beams, light fixtures, metal frames of tents and shelters, 
and the frame of a transport trailer. On the outside of buildings, nest sites 
included wood siding, window frames, window blind, porch rafter, and 
light fixtures. Some nests adhering to vertical surfaces were successful, but 
two failed to stick to the surface so the nesting attempt failed. This raises 
the question of whether people could provide new nest sites with some kind 
of horizontal structure. Barn Swallows successfully nested in modern metal 
barns, but they had some internal horizontal framework on which the birds 
could build a nest (Leung and Reid, In press). 

Barn Swallows frequently nest close to the roof inside 
farm buildings with permanent openings such as this 
pig barn (Donald Reid).
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(Left) Barn Swallows successfully nested on a platform provided by a property owner to divert them from 
nesting on the window blind (Maria Leung).

(Right) Wooden cup-shaped structures in the general shape of a Barn Swallow nest have been used success-
fully by Swallows in some jurisdictions. The birds started to build a nest on this one in Yukon (Maria Leung).

•	 Provide new nesting structures or small-scale nesting sites. Barn Swallows 
are known to nest in other structures such as bunkers (Zduniak et al. 
2011), and on platforms or nest cups designed specifically for them (Daly 
2002, OMNRF 2016). In Yukon, our short-term attempts to provide Barn 
Swallows with new nesting structures were unsuccessful. Barn Swallows 
did not complete any nests on nesting platforms (two years) or wooden 
nest cups (one year) placed on or in farm buildings. Instead, new nests were 
built on pre-existing structures such as rafters. However, one farmer built a 
simple horizontal platform to encourage a pair of Barn Swallows to move 
their nest site slightly, and it was successful (Leung and Reid, In press). 
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3.2. Bank Swallow
3.2.1. Background
The Bank Swallow is currently listed as “threatened” under the Canadian 
Species at Risk Act. It is widely distributed across Yukon.  It is most often asso-
ciated with major rivers where vertical banks of silt, clay or sand are available 
for excavating nesting burrows. Nesting birds tend to be colonial with multiple 
nesting pairs at one cliff or bank. In Yukon, nesting colonies have also been 
found in cut banks along roads (Sinclair et al. 2003) and, rarely, in quarries 
for aggregates (sands and gravels) (Sinclair pers. comm.).  Artificial habitats, 
such as quarries, are frequently used in other parts of Canada.  In Ontario, 
the prevalence of Bank Swallow colonies in quarries warranted guidelines to 
accommodate the bird’s nesting needs where aggregate materials are excavated 
(OMNRF 2017).  

Bank Swallows begin arriving in Yukon in mid-
May and have departed by mid-September.  Nesting 
begins late May and may last as late as early August 
(Sinclair et al. 2003).  Bank Swallows often return 
to the same nesting site as previous years (Garrison 
1999).  Although nesting habitat often dominates 
considerations of Bank Swallow persistence, forag-
ing habitat also contributes significantly to their 
reproductive success. Foraging areas are usually 
open habitats such as wetlands, lakes, rivers, and 
agricultural croplands (Garrison 1999).  Many farms 
in southern Yukon are adjacent to major rivers with 
nesting colonies and so are potential feeding grounds 
for Bank Swallows. The Yukon River between Marsh 
and Laberge Lakes supports many nesting colonies 
close to agricultural land (Sinclair et al. 2021) as does 
the Takhini River.

As is the trend for many other aerial insectivores, the population of Bank 
Swallows has been severely reduced. In the past 40 years, the Canadian popu-
lation has experienced a >90% decline.  Factors contributing to the decline 
include loss of breeding and foraging habitat, widespread pesticide use and 
resulting reduction in insect prey, and destruction of nests during aggregate 
excavation. 

Only some of the numerous burrows in a Bank 
Swallow colony are occupied in any one season, and 
an observer has to watch for considerable time to 
see whether birds come and go from any one burrow 
(Pamela Sinclair).



15beneficial management practices for wildlife species at risk on agricultural lands in yukon

(Left) Bank Swallows excavate nesting burrows in the compacted sands and silts of exposed bluffs, often 
adjacent to rivers. The numerous burrow entrances can be seen as holes of various sizes on this bluff along 
the Takhini River (Donald Reid)

(Right) Two Bank Swallows approach a colonial nesting site in a river bluff with numerous entrances to 
nesting burrows (Donald Reid)

Existing Beneficial Management Practices (BMPs) in Canada focus on 
threats to nesting habitat, including human-made nesting habitats such as quar-
ries.  In the context of Yukon agriculture, fields as foraging habitat are more 
relevant for BMPs than nesting habitats. Nesting habitats are rarely within the 
boundaries of designated agricultural land in Yukon but are frequently close to 
agricultural lands that may provide foraging habitat. 

3.2.2. Beneficial Management Practices
•	 Maintain and protect the current set of known sites with nesting colonies. 

The availability of suitable substrates limits where Bank Swallows are able 
to nest. They require eroding vertical banks made of substrates like silty 
sands and clays that the birds can excavate. If such nesting habitats are 
available on or adjacent to agricultural lands, there are guidelines to protect 
them (OMNRF 2017). OMNRF (2017) recommends minimal disturbance 
by machinery and people during the breeding season (mid-May through 
mid-August in Yukon). OMNRF (2017) also provides guidelines on man-
aging vegetation to ensure the persistence of the site, but this is better 
undertaken by a professional experienced with Bank Swallow habitat (e.g., 
Canadian Wildlife Service). In Yukon, Bank Swallows nest at 37 colonial 
sites along the Takhini River where it flows through the agricultural land-
scape downstream of the Alaska Highway. We have documented these sites 
as eBird records for future reference. 
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•	 Maintain a diverse set of open wetlands plus 
meadow and/or cropland habitats for feed-
ing. The abundance and quality of insect prey 
can limit breeding success of Bank Swallows.  
Starvation has occurred during poor weather 
when the insect prey that Bank Swallows rely on 
become unavailable (COSEWIC 2011). Foraging 
habitat can be created by vegetation manage-
ment to promote grass and wildflowers in open-
ings and by deterring invasive plants (Bank 
Swallow Technical Advisory Committee 2013, 
OMNRF 2017).  

•	 Avoid the use of pesticides and herbicides wher-
ever possible. Abundance of insect prey can 
be improved by avoiding the use of pesticides. 
Insecticides, herbicides or fungicides contribute 

A Bank Swallow colony along the Takhini River 
(foreground) is close to a diversity of insect prey 
associated with the river, adjacent wetlands, natural 
grasslands, forest groves, pasture, and hay fields 
(Maria Leung).

to the reduction of insect prey. Bank Swallow presence is negatively cor-
related with use of herbicides (Kirk et al. 2011). 

•	 Consider the creation of new nesting sites through the digging of banks in 
suitable substrates. Bank Swallows readily use human-made nesting sites 
meeting their requirements (COSEWIC 2013).  Preferably, the site would 
be as near vertical as possible, with a dimension >30 m long and 0.5 to 20 
m high to minimize predation risk.  For excavating nesting burrows, a soft 
substrate of sand, silty sand, or loamy sand is needed. Close proximity and 
orientation to foraging habitats are also useful attributes of a potential nest-
ing site (OMNRF 2017).
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(Top) A male Rusty Blackbird with the 
aquatic larva of an insect captured in 
shallow water (Syd Cannings)

(Bottom) A female Rusty Blackbird (top) 
with two recently fledged young (Donald 
Reid).

3.3. Rusty Blackbird
3.3.1. Background
The Rusty Blackbird is classified as a species of “spe-
cial concern” under the Canadian Species at Risk Act 
(Environment Canada 2015). It breeds in wooded 
wetlands of the boreal forest.  In Yukon, Rusty 
Blackbirds begin arriving in mid-April.  Nests with 
eggs in Yukon have been found late May through 
mid-June (Sinclair et al. 2003). The nest is usually 
constructed in small stunted conifers close to shallow 
open water. Surrounding vegetation is often thick, 
offering cover from potential predators (Powell 2010a). Nesting 
in such trees and locations may be an adaptation to avoid preda-
tion by red squirrels and corvids (DeSanto and Willson 2001, 
Powell 2010a). Nests in interior Alaska have also been found in 
willows close to water (Matsuoka et al. 2010a).

Both parents bring food to nestlings (Avery 2013). Foods 
include large aquatic insects such as dragonfly larvae, spiders, 
molluscs, and small fish (Greenberg and Matsuoka 2010, 
Matsuoka et al. 2010b). By early August, fledging is complete, 
followed shortly by migration. Fall migration peaks late August 
to early September, although stragglers have been reported as 
late as December (Sinclair et al. 2003).

The Rusty Blackbird has experienced among the most 
dramatic declines of passerines in North America, with an esti-
mated population reduction of >80% since 1966 (Greenberg et 
al. 2011).  Known threats include degradation of habitat in win-
tering grounds due to conversion and hydrological alteration of 
bottomlands, plus direct mortality from programs intended to 
reduce problems with various blackbirds feeding on agricultural 
crops (Greenberg and Droege 2003, Greenberg and Matsuoka 
2010, COSEWIC 2014).  Other possible contributing factors to 
the decline include mercury contamination from pollution and 
wetland acidification, degradation of breeding habitat including 
forest clearing, drying of wetlands in a warming climate, altered 
composition of the predator and competitor communities, dis-
ease, and parasites (COSEWIC 2014).  Of these contributing 
factors, the one most pertinent to Yukon agriculture is the loss 
of wetlands and associated nesting habitats.  
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3.3.2. Beneficial Management Practices
•	 Maintain or create strips of native vegetation beside water bodies and wet-

lands that already have high suitability as nesting habitat.   Powell et al. 
(2010b) suggest a 75m buffer of undisturbed vegetation around wetlands 
where timber harvesting close to wetlands would increase exposure of 
Rusty Blackbirds to predation by red squirrels and corvids.  An effective 
buffer width in agricultural landscapes may differ from the 75 m suggested 
for forested landscapes. Forest dwelling animals such as red squirrels would 
pose less risk where land has been permanently cleared, uphill of the buffer, 
for agriculture. The most straightforward way to maintain Rusty Blackbird 
nesting habitat, as well as many other wetland values, is to keep ponds and 
small lakes out of agricultural land allocations (and fenced where livestock 
use adjacent fields). These exclusions would include the water body and an 
upland buffer above the ordinary high water mark. The Forest Resources 
Regulation regarding riparian retention (Government of Yukon 2011) pro-
vides some guidance on buffers, but requires added interpretation. It only 
addresses lakes larger than 1 ha in surface area, but Rusty Blackbirds fre-
quently nest close to and forage around smaller water bodies (Matsuoka et 
al. 2010a, b). It also supports varying width (40 – 100 m) of retention with 
some forest harvesting allowed. We recommend applying buffers associated 
with the smallest lake class (1-3 ha) to all small water bodies in agricultural 
zones, and unharvested buffers of erect woody shrubs and trees at least 50 
m wide (the radius around open water used in many northern nest searches, 
Matsuoka et al. 2010a, b).  In Yukon, a survey of waterbodies (sizes c. 0.3 
to 2.0 ha) in or close to agricultural lands during the nesting season only 
detected Rusty Blackbirds where natural riparian vegetation, including for-
est, was retained around the majority of the waterbody. Waterbodies where 
Rusty Blackbirds were residing had mature conifer, or mixed conifer-decid-
uous forests in the majority of the riparian zone. Rusty Blackbirds were not 
observed by waterbodies surrounded principally by herbaceous vegetation 
where forested riparian was largely absent (Leung unpublished data). 

Smaller-sized water bodies with wide buffers of spruce and willow provide high 
value Rusty Blackbird habitat (Maria Leung).
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4.0 Beneficial Management 
Practices for Little Brown 
Bats 

4.1 Background
The Little Brown Bat, or Little Brown Myotis, is classified as “endan-
gered” under the Canadian Species at Risk Act. The species has suffered 
precipitous population declines, especially in eastern North America, 
largely from infections of the fungus causing white-nose syndrome 
(Environment and Climate Change Canada 2018).  This fungal disease 
has not been observed in Yukon thus far.

The literature specific to Little Brown Bats in boreal regions was 
limited so we searched for BMPs for insectivorous bats and agriculture. 
These studies extended to regions other than the boreal forest and to 
other insectivorous bat species. Despite the diversity of sources, recom-
mendations from various studies converged onto several themes. Thus, it 
is reasonable that the BMPs for Little Brown Bats on agricultural lands 
in Yukon include studies from other regions and on other bat species 
whose life requisites are the same as the Little Brown Bat.

The role of insect-eating bats in agricultural settings has been well 
documented, with studies in both temperate and tropical climates.  
Despite differences in climate and agricultural practices, it is widely rec-
ognized that bats contribute to crop harvests by controlling insect pests 
(Landis et al. 2000, Maslo et al 2016). Such pest control amounts to 
an estimated 3.7 to 53 billion dollars in the United States (Boyles et al. 
2011). The control of pests is not limited to consumption of destructive 
insects. Russo et al. (2018) suggest that bats create soundscapes of fear 
among tympanate moths capable of hearing bat calls, thereby reduc-
ing the damage the moths cause.  In a comparison of plots in Illinois, 
USA, wherein bats (Lasiurus, Nycticeius, Myotis spp.) were and were 
not excluded, Maine and Boyles (2015) found higher crop damage by 
corn earworm larvae (Helicoverpa zea) and associated fungal infections 
where bats were excluded. They valued the suppression by bats of dam-
age to corn at 1 billion USD globally. In a similar experiment, Maas et 
al. (2013) found a 31% decrease of cocoa crop yield in Indonesia with 
the exclusion of birds and bats (Hipposideros, Myotis, Megaderma, 
Rhinolophus). Bats are also an aid in livestock farming. Ancillotto et 
al. (2017) found that bats (Myotis, Pipistrellus, Hypsugo, Eptesicus, 
Rhinolophus, Nyctalus, Tadarida spp.) in central Italy preferentially fed 
above herds of cattle at night, reducing the number of biting mosquitoes 
(Culicidae) and biting midges (Ceratopogonidae), and therefore reduc-
ing potential disease transmission by these insects.

(Top) Little Brown Bats spend 
daylight hours in roosts where 
they rest hanging from rough 
surfaces with their hind legs, in 
this case inside a human-made 
roosting box (Maria Leung).

(Bottom) Little Brown Bat in flight 
(Bat Conservation International).
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The most common bat species in Yukon, the Little Brown Bat, consumes 4 
to 8 g of insects each night (Anthony and Kunz 1977, Kurta et al. 1989).  Those 
in captivity consume 25% of their body weight per day, a figure that is likely 
higher in the wild where foraging would be more energetically demanding (Kunz 
et al. 2011). As with diet studies of Little Brown Bats elsewhere (Fenton and Bell 
1979, Nagorsen and Brigham 1993), Talerico (2008) found that Little Brown 
Bats around Watson Lake in Yukon fed on arthropods (insects and spiders) in 
proportion to their seasonal availability. Flies (Diptera), moths (Lepidoptera), 
beetles (Coleoptera), caddisflies (Trichoptera), and spiders (Araneae) were the 
most common prey in fecal pellets of bats from Watson Lake. Jung et al. (2018) 
also concluded that Little Brown Bats in Yukon and Alaska had more diverse 
foraging strategies than the same species living further south   It is noteworthy 
that, unlike data from further south, the studies in Yukon and Alaska suggest 
that Little Brown Bats engage heavily in gleaning, in addition to typical aerial 
hawking (Whitaker and Lawhead 1993, Talerico 2008, Shively et al. 2018). 
Gleaning, where the bat picks prey items directly from vegetation, is used for 
hunting spiders early in the growing season before flying insects are in sufficient 
numbers to meet food requirements. Hawking refers to bats catching prey that 
is flying in the air.

Little Brown Bats begin arriving in Yukon in April and depart by the second 
week of October when the supply of arthropod food has waned (Talerico 2008, 
Slough and Jung 2008).  Females usually give birth to a single pup sometime 

between mid-June and late July.  Pups are weaned at 
about 26 days old (COSEWIC 2013).  Roosts can be 
either natural cavities in trees (peeling tree bark or 
cavities excavated by birds), rock crevices, or spaces 
in human structures such as attics, under roofs, or in 
walls of cabins.  Human dwellings may be attractive 
due to the warmth offered by artificial heating (Olson 
and Flach 2016).  Location of roosts is often close to 
aquatic habitats where prey is most abundant. 

Studies on bats in agricultural settings have 
investigated various factors that may influence the 
health of bat populations, including landscape con-
text of farms, landscape features within farms, use 
of agrochemicals, role of wetlands, ponds, rivers and 
other aquatic habitats, crop management, and crop 
diversity.  Although these studies are geographically 
far ranging (e.g., Eurasia, North America, Africa) 
they lead to many of the same recommendations. 

For studies that contrast bats in open habitats (such as pastures) with bats in 
cluttered habitats (such as interior forests), recommendations for supporting 
bats that avoid open habitats will be emphasized, because Little Brown Bats in 
Yukon appear to be anatomically and behaviourally adapted to more cluttered 
habitats (Talerico 2008).

Little Brown Bats roost in a variety of natural and 
human-made structures, often the sheltered ceilings, 
attics, walls and roofs of buildings. Roosts are often 
colonial as in this image (Brian Slough).
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4.2 Beneficial Management Practices
4.2.1. Landscape Features
•	 Maintain well-connected networks of forest so that forest-dependent bats 

can readily move between feeding and roosting sites. To enable bats to 
move from roosts to foraging areas, landscape features with which they can 
navigate by echolocation and, at the same time, provide cover from preda-
tors, are beneficial (Duchamp and Swihart 2008, Park 2014).  Connectivity 
in farmland landscapes is especially useful for shorter-range echolocating 
bats (such as Little Brown Bats) that use cues at closer distances as these 
bats are particularly sensitive to habitat fragmentation (Frey-Ehrenbold et 
al. 2013). Tree groves and scattered trees can act as stepping stones across 
open areas, connecting foraging areas. The density of patches with woody 
vegetation is of particular consideration for the Myotis bats. Although these 
bats tend to shun open areas (Heim et al. 2015), they tend to forage most 
often along forest edges rather than in the forest 
interior (Jantzen and Fenton 2013, Thomas and 
Jung 2019). The presence of linear landscape 
features composed of trees or hedgerows also 
promotes movement by Myotis bats (Heim et 
al. 2015). Bats stayed close to tree and wood-
land edges while commuting between foraging 
areas (Downs and Racey 2006). Little Brown 
Bats forage preferentially along edges of forest 
stands, with highest levels of activity close to the 
edge and gradually declining levels of activity 
for about 40 m both into the forest stand and 
into the open field (Jantzen and Fenton 2013). 
They are less active in open areas such as fields 
and shrublands unless these are associated with 
water bodies (Coleman et al. 2014). Linear 
features such as windbreaks and hedgerows 
support aggregations of insects during high wind velocity, can shelter bats 
from predators by reducing their visibility to the predator, and can pro-
vide acoustic landmarks that help bats to navigate (Boughey et al. 2011, 
Kahnonitch et al. 2018). Double tree lines, also known as alleys, form an 
arc-type overstory that is more effective at providing prey and shelter than 
a single line of trees (Kalda et al. 2015). Suitable habitat along field margins 
and farm boundaries such as forest edges and riparian strips can support 
bat populations (Pocock and Jennings 2007, Wolcott and Vulinec 2012, 
Rodríguez-San Pedro et al. 2018). In Yukon, little brown bats were much 
less likely to be active in open areas such as hay fields compared to the 
edges of water bodies, field edges, and forest interior. They were also less 
likely to cross open habitats to reach foraging areas around ponds within a 
few weeks of summer solstice when hours of darkness in Yukon were very 
few (Slough, Reid, Schultz and Leung, unpublished manuscript).

Maintaining a network of forest patches and strips 
in the agricultural landscape, especially connecting 
water bodies to extensive upland forest, provides 
necessary movement routes and feeding areas for 
Little Brown Bats (Donald Reid).
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•	 Maintain continuous forest along the borders of open fields, rather than 
just fence rows, to provide suitable foraging and travel habitats along field 
edges. Little Brown Bats forage preferentially along edges of forest stands 
(Grindal and Brigham 1999), with highest levels of activity close to the 
edge and gradually declining levels of activity for about 40 m both into the 
forest stand and into the open field (Jantzen and Fenton 2013). Greater 
forest cover in immediate surroundings of cropland and pasture increases 
bat activity, and could moderate temperature fluctuations in grasslands, 
making the agricultural land more agreeable to bats in spring (Heim et al. 
2015).  Forest dwelling bats such as Myotis spp. are negatively affected 
by forest fragmentation (Henderson and Broders 2008).  In Yukon, Little 
Brown Bats travelling in upland areas away from water were more active 
along edges of fields, than in the open fields or the interior of nearby for-
ests. However, their activity along field edges included a relatively low pro-
portion of feeding attempts compared to the forest interior or near water 
bodies. Limited data indicated that they were rarely active along a fence 
line with no adjacent trees. These data indicate that the bats often use for-
ested edges of fields for moving between high value foraging and roosting 
habitats (Slough, Reid, Schultz and Leung, unpublished manuscript). 

•	 Maintain a significant proportion of the agricultural landscape as forest 
in order to retain more bats, and a higher number of bat species.   Little 
Brown Bats tend to forage more along forest edges (beside waterbodies 
and clearings such as fields) than in the forest interior or well into the 
clearings (Grindal et al. 1999, Jantzen and Fenton 2013, Thomas and Jung 
2019). Patches of trees support higher abundances of bats than single trees 
(Kalda et al. 2015).   Little Brown Bats are common in landscapes with a 
higher proportion of forested areas, forest aggregations, and tree corridors 
(Duchamp and Swihart 2008). Woodlands offer opportunities to forage, 
roost, and escape predators (Gehrt and Chelsvig 2003). In Yukon, all the 
agricultural landscapes that were studied included substantial retention 
(probably between 20 and 50%) of original forest stands, and each of these 
landscapes supported a resident group of bats (Slough, Reid, Schultz and 

(Left) Little Brown Bats frequently use the forested edges of fields as movement and feeding corridors 
(Donald Reid).

(Right) Maintaining a high proportion of the original forest in the agricultural landscape is an excellent way to 
support Little Brown Bats by providing a mix of commuting and feeding habitats (Maria Leung).
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Leung, unpublished manuscript). Further analysis is required to quantify 
how much of each sampled landscape is comprised of different land cover 
types (forest, field, water bodies, shrublands, etc.), and relate these patterns 
to levels of bat activity for a better understanding of how much of the land-
scape should be kept as forest. 

•	 Include a mix of types of forest stands in the set of retained forest stands 
to provide a range of feeding and roosting sites. Having a mix of vegeta-
tion with different heights, sizes and shapes supports greater bat activity 
(Frey-Ehrenbold et al. 2013).  Providing a range of different vegetation 
heights within forests supports a higher diversity of insects (Duchamp 
and Swihart 2008) and is positively correlated to bat activity (Kalda et al. 
2015). Composition and size of tree patches matters, as does age of trees 
(Park 2014).  Roosting sites tend to be in older trees (Kalda et al. 2015). 
Managing forests to ensure recruitment of trees suitable for roosting would 
include retention of large diameter snags and decaying trees that will 
become snags (Olson and Flach 2016). Hanspach et al. (2012) suggested 
having a range of tree densities to support differ-
ent species of bats. Vasko et al. (2020) empha-
sized the need for mature forests in the boreal 
zone for Myotis and other bat species, as only the 
larger, older trees can provide roosting sites.  Use 
of forest stands by Little Brown Bats in Yukon 
decreases as tree density increases (Randall et al. 
2011), so forests that are at the pole-sapling stage 
of succession are likely to be too cluttered for 
heavy use by these bats. In Yukon, Little Brown 
Bats increased their use of interior forest close to 
summer solstice when daylight was longest. This 
behaviour allows them to continue to feed in 
relative darkness at times of the day when there 
is too much light in more open habitats such as 
field edges and by waterbodies. The bats’ use of 
forest interiors varied substantially across landscapes, but the proportions 
of bat calls that included a feeding buzz (11 to 34%) in forest interiors 
were similar to proportions along edges of water bodies (11 to 39%). This 
indicates that the interior of forest patches is likely necessary feeding habi-
tat that complements the more commonly used feeding sites near bodies of 
water (Slough, Reid, Schultz and Leung, unpublished manuscript). 

•	 Include a mix of farming practices in space and time on the cleared fields 
within farms.  Allowing for a variety of habitats over time also supports a 
greater diversity of arthropods fed on by bats. Methods for achieving this 
includes crop rotation and allowing portions of land to remain fallow for 
periods of time (Benton et al. 2003, Ancillotto et al. 2017).  In Yukon, 
all the open agricultural clearings that were sampled for bats were hay-
fields, livestock pastures, and occasionally cleared fallow ground. Hay and 
pasture fields are by far the most common agricultural clearing in south 

A mix of deciduous (aspen) and coniferous (spruce) 
forest patches along with strips of shrubs combine 
to provide Little Brown Bats with a wider variety of 
insect prey (Donald Reid).
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Yukon. Only hay fields were sampled when investigating how frequently 
bats were active and fed well out in clearings. The data showed that bats 
did occasionally travel across open hay fields (>200 m from forest edge), 
but fed little in these forays (Slough, Reid, Schultz and Leung, unpublished 
manuscript).  

•	 Maintain and/or enhance the structure and functioning of bodies of water 
in the agricultural landscape. Bodies of water, such as rivers, lakes, ponds, 
streams, creeks, and kettle holes, and their adjacent riparian habitats, 
enhance prey base and foraging opportunities (Wickramasinghe et al. 2003, 
Kniowski and Gehrt 2014). Landscapes with a mix of terrestrial and aquat-
ic habitats support a larger prey base (Heim et al. 2017). Heim et al. (2017) 
recommend protecting aquatic habitats on farmland to increase arthropod 
availability.  Wetland habitats and bodies of water support high numbers 
of insect prey and serve as sources of drinking water where water is limited 
(Downs and Racey 2006, Korine et al. 2015, Blakey et al. 2017, Heim et 
al. 2017). Little Brown Bats prefer to forage along riparian edges more 
than in other habitat settings (Grindal et al. 1999, Coleman et al. 2014). 
Activity of Little Brown Bats in Yukon is higher closer to water bodies 
and over riparian habitats than habitats not associated with water (Slough 
and Jung 2008, Randall et al. 2011, Thomas and Jung 2018). The most 
straightforward way to maintain Little Brown Bat foraging habitat, as well 
as many other wetland values, is to keep ponds and small lakes out of agri-
cultural land allocations (and fenced where livestock use adjacent fields). 
These exclusions would include the water body and an upland buffer above 

(Top left) Little Brown Bats feed intensively on the 
aerial life stages of aquatic insects that congregate 
along forested shorelines; retention of wide (>40m) 
buffers of original forest along shorelines is 
recommended (Maria Leung). 
(Top right) Retaining a forested buffer around ponds 
in fields is highly recommended when ponds lie within 
farms, because Little Brown Bats prefer to feed along  
naturally vegetated edges (Maria Leung).
(Left) Bats feed less along the cleared edges of ponds 
(pasture in foreground) than along forested edges (back-
ground) emphasizing the value of retaining original 
forest beside ponds and small lakes. Bat acoustic 
recorder installation in foreground (Donald Reid).
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the ordinary high water mark. The Forest Resources Regulation regarding 
riparian retention (Government of Yukon 2011) provides some guidance 
on buffers, but requires added interpretation. It only addresses lakes larger 
than 1 ha in surface area, but Little Brown Bats frequently forage over and 
around smaller water bodies (Thomas and Jung 2018; our observations). 
It also supports varying width (40 – 100 m) of retention with some forest 
harvesting allowed. We recommend applying buffers associated with the 
smallest lake class (1-3 ha) to all small water bodies in agricultural zones, 
and unharvested buffers of erect woody shrubs and trees at least 40 m 
wide. We take this width from Jantzen and Fenton (2013) who found that 
bat activity decreased from a peak along the forest edge to 40 m into the 
forest. Although this was measured for abrupt edges of upland forest and 
fields, it provides some direction for the amount of forest to preferentially 
retain, but also enhance or restore, around wetlands and water bodies.  In 
Yukon, the edges of ponds, especially those surrounded by mature forest 
stands, were used by bats more often than other habitats in the agricultural 
landscapes. Only some field edges had similar levels of activity. The propor-
tion of bat activity that included feeding buzzes was also highest along the 
edges of ponds. Water bodies and associated riparian forests are key feed-
ing habitats for Little Brown Bats in Yukon. This pattern of heavy use of 
wetland and pond edges even included some ponds isolated in open fields. 
However, bat activity in these circumstances decreased around summer sol-
stice and bat activity in nearby interior forests correspondingly increased. 
This suggested that bats were purposefully seeking darker habitat to avoid 
flying in open, unforested areas (Slough, Reid, Schultz and Leung, unpub-
lished manuscript). 

4.2.2. Crop Management
•	 Avoid the use of pesticides and herbicides wher-

ever possible. Low pesticide use is associated 
with higher bat activity (Wickramasinghe et 
al. 2003, Park 2014, Kahnonitch et al. 2018).  
“Pesticides” include herbicides, insecticides, and 
fungicides. Although the reliance of bats on 
insects can help to control agricultural pests, 
bats living and feeding in agricultural land are 
more prone to the effects of pesticides than bats 
in undeveloped lands where pesticides are not 
used. Use of agrochemicals on farm fields has 
been implicated in the reduction of bat popula-
tions, either through prey reduction or through 
biomagnification of toxic substances in the bats 
themselves. Insecticides reduce insect prey direct-
ly whereas herbicides reduce insects indirectly by degrading the habitats on 
which the insects depend. Little Brown Bats exposed to high concentrations 
of organochlorine insecticides had stillbirths (Atkar et al. 2009). Bat activ-
ity was greater in wheat fields that received lower herbicide and fungicide 
treatment (Barré et al. 2017).  

Organic farms, that avoid use of pesticides and 
herbicides, are most likely to provide a steady 
seasonal supply and wide variety of insects for 
foraging bats (Maria Leung).
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•	 Include a substantial diversity of farming practices and crops in space and 
through time across the agricultural landscape. Higher bat activity is associ-
ated with landscapes with more diverse crops and smaller crop fields within 
the approximate foraging range of individual bats (Monck-Whipp 2018). 
In the study conducted by Monck-Whipp (2018), the smallest crop fields 
were <4 ha and the largest fields were >60ha. The number of crop varieties 
within 50m of sampling sites was correlated to higher biomass of certain 
insects (e.g., moths) and greater activity of clutter- adapted bats (Olimpi 
and Philpott 2018). Genetically diverse, traditional varieties of crops sup-
port higher diversity of insect prey than the more genetically homogeneous 
modern varieties of crops with simple crop rotation (Barré et al. 2017). 

•	 Employ conservation tillage on croplands wherever possible. Conservation 
tillage is preferable to conventional tillage if the same amount of herbicide 
is used (Barré et al. 2017). Conservation tillage in these studies meant that 
inversion of soil was avoided (i.e. no-till). By contrast, at least 30 cm of soil 
is turned over during conventional tillage methods.  Conservation tillage 
protects soil integrity, soil microbes, and arthropods in varying stages of 
development. Such arthropods are potential prey for bats and likely explain 
the higher amount of bat activity recorded in fields employing this method 
of tillage (Barré et al 2017). 

4.2.3. Livestock Management
•	 Limit and control access by livestock to wetlands and to native vegetation 

stands beside bodies of water and wetlands (i.e. riparian areas), to protect 
feeding and roosting sites. Livestock are capable of degrading wetlands 
and pond edges by removing and trampling vegetation. When this happens 
along a substantial proportion of the edge of ponds, the ability of the ponds 
to support the aquatic life stages of insect prey for bats is reduced (Belsky 
et al. 1999). Control of livestock movements is possible by using fences and 
by placing mineral sources (e.g. salt blocks) and water troughs away from 
these sensitive areas (Olson and Flach 2016). Lower grazing intensity can 
contribute to higher prey base for bats feeding over and near those pastures 
(Wickramasinghe et al. 2004). 

(Left) The ability of small bodies of water to support insect life and therefore food for bats is enhanced when 
fences keep livestock from disturbing the water and shoreline vegetation (Donald Reid).
(Right) Bats can detect and avoid collisions with wooden fences easier than wire fencing so wooden fencing is 
preferable close to ponds and wetlands (Donald Reid).
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•	 Build wooden fences rather than wire fences especially close to ponds and 
wetlands. Wooden fences are more easily detected by bats than wire fences. 
Using the former close to aquatic habitats could reduce risk of collision and 
entanglement (Olson and Flach 2016). 

4.2.4. Farmstead Management
•	 Avoid the use of enhanced outdoor lighting during dusk and night around 

the farm. Reduction of artificial light at night lowers risk of bats being 
killed by their predators (Stone et al. 2015, Azam et al. 2016). Insects 
aggregating close to lights can be an attractant to bats and create a higher 
risk of predation for the bats themselves (Jones and Rydell 1994, Rydell et 
al. 1996). Lights can also deter bats from feeding. Talerico (2008) observed 
a reduction in foraging bouts when ambulance lights were directed at a 
roost in Watson Lake, Yukon. Vasko et al. (2020) suggested that Myotis 
are more deterred by artificial lighting than natural light. In Yukon, where 
there is limited darkness in summer, bats adapted by increasing their use 
of the darkest habitats (interiors of forests) for feeding in the weeks before 
and after summer solstice (Slough, Reid, Schultz and Leung, unpublished 
manuscript). This habit may reduce the risks associated with artificial light, 
but strong lights close to roosting sites (such as farm buildings) may still 
negatively affect their behaviour by making them more vulnerable and by 
masking the normal light regime.  

•	 Provide alternate roosting structures for bats, principally “bat boxes”. 
Olson and Flach (2016) recommend supporting bats that are already on 
farmland by giving alternate roosts, especially if the bats are not wanted in 
the man-made structures that they are occupying (Olson and Flach 2016). 
Among the many recommendations in The Best Management Practices for 
Bat Boxes in British Columbia (Community Bat Programs of BC 2019) that 
are applicable to Yukon, is a recommendation to provide multi-chambered 
bat boxes as opposed to single-chambered boxes. Uptake of bat boxes by 

(Left) Little Brown Bats frequently use bat boxes installed on the sun-exposed sides of farm buildings. Here 
a white-roofed and a black-roofed box provide Bats with additional choice to avoid risk of overheating in the 
black-roofed box (Maria Leung).
(Right) Looking up from below a human-constructed bat box reveals Little Brown Bats roosting close together 
in tight spaces thereby conserving heat (Brian Slough).
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bats excluded from their original roosts has been demonstrated for Little 
Brown Bats (Brittingham and Williams 2000). Before closing-off spaces on 
buildings that bats use, ensure that the bats have left the area for the win-
ter. Bats are generally absent from Yukon from October through March. 
Slough and Young (2008) suggested that structures at some farm properties 
provide roosting sites that are otherwise in short supply in the surround-
ing area. Installing multiple bat boxes in a variety of settings provides a 
choice of roosting sites for changing light, weather, risk of overheating, and 
foraging opportunities over the active season. Community Bat Programs 
of BC (2019) recommends installation of at least three bat boxes with 
varying amounts of sun exposure. In Yukon, 53% of bat boxes placed 
on farm buildings were used by bats in the initial year of installation, and 
76% were used in the subsequent year. The temperature inside some boxes 
exceeded the tolerable upper limit for Little Brown Bats (42°C) on some 
days. An experimental use of white roofs on boxes paired with boxes with 
black roofs showed that such high temperatures could be avoided, though 
the extra heating provided by fully black boxes is desirable on most days. 
Having bat boxes of differing roof colours is one way to provide choice of 
roosting sites that allows bats to avoid risk of overheating (Leung, Reid 
and Halliday, In press). 

•	 Provide a physical structure to help bats escape from human-installed water 
containers. Bats feeding over or drinking from water containers are at 
risk of drowning. Such mortalities have been documented in Yukon (Jung 
and Slough 2005).  Bats have difficulty moving out of water containers 
with steep sides.  Covering such water sources reduces risk (Olson and 
Flach 2016). Providing escape ramps is another option. This consists of 
a textured ramp placed at an angle of <45° from the side to the bottom 
of the water container, allowing the bat to climb out of the water and the 
container (Taylor and Tuttle 2007).  Placing water containers away from 
obstructions such as barbed wire fences avoids the risk of entanglement by 
bats flying close to the water containers (Olson and Flach 2016).  
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5.0. Beneficial Management 
Practices for Bumble Bees 
and Other Native Insect 
Pollinators

5.1. Background
Four species of bumble bees that occur in Yukon are considered species at risk 
by COSEWIC. Gypsy Cuckoo Bumble Bee (Bombus bohemicus) is considered 
“Endangered”; Suckley’s Cuckoo Bumble Bee (Bombus suckleyi) is considered 
“threatened”; the Yellow-banded Bumble Bee (Bombus terricola) and McKay's 
Western Bumble Bee (Bombus mckayi) are considered “Special Concern”. 
Critical habitat identified for Gypsy Cuckoo Bumble Bee overlaps farmland 
in Yukon (Environment and Climate Change Canada 2022). All four bumble 
bee species have seen declines in abundance and disappearances at various 
locations in Canadian provinces where they were previously found.  Threats 
include pathogen spillover both from managed bumble bees used in greenhouses 
and from honey bees (Apis mellifera), pesticides, habitat loss, and competition 
for food from honey bees (COSEWIC 2014a, 2014b, 2015, 2019). Managed 
bumble bees are wild species that have been captured and propagated, mainly 
for use in greenhouses. The origins of these managed species are both European 
and North American (Winter et al. 2006, Goulson and Hughes 2015).

(Top left) A Bumble Bee approaches haskap flowers 
to feed on nectar and pollen (Maria Leung).

(Top right) A McKay's Western Bumble Bee, one of the 
four species of Bumble Bee at risk in Yukon (Maria 
Leung).

(Left) The Endangered Gypsy Cuckoo Bumble Bee is 
found in the agricultural landscape of southern Yukon 
(Syd Cannings)
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The literature review for bumble bees was not specific to just the species at 
risk in Yukon, but was for bumble bees in general and for other native insect 
pollinators (e.g., other native bee species, wasps, syrphid flies, moths, butter-
flies, beetles). The contribution to pollination of agricultural crops by native 
pollinators has been, and continues to be, a very active field of study. Many 
different researchers working in temperate regions have made recommenda-
tions on how to protect this ecosystem service, and the BMPs are based on their 
insights

The four bumble bee species-at-risk have all been recorded in Yukon within 
the last five years and recent surveys have contributed to an understanding of 
their distribution (Environment Canada unpublished data). McKay's Western 
Bumble Bee is the most common and widespread in Yukon, found through-
out the Boreal Cordillera ecozone. Gypsy Cuckoo Bumble Bee overlaps the 
distribution of McKay's Western Bumble Bee but is less common. The Yellow 
Banded Bumble Bee has only been found in southeast Yukon. It is difficult to 
characterize the distribution of Suckley’s Cuckoo Bumble Bee in Yukon, as 
records are few and widespread, ranging from the southwest to north into the 
Taiga Cordillera Ecoregion.  Both the Gypsy Cuckoo Bumble Bee and Suckley’s 
Cuckoo Bumble Bee are social parasites and depend on the presence of their 
host species, which include Western Bumble Bee and Yellow-banded Bumble 
Bee, for provisioning their offspring (COSEWIC 2014b, 2019).

Bumble bees are among the many insects in Yukon that pollinate native 
plants. By visiting multiple flowers to gather nectar and pollen, the bumble bees 
move pollen from anthers to stigma, allowing the plants to form seed and repro-
duce. Native insects, such as bumble bees, can also be valuable pollinators of 
agricultural crops (Kremen et al. 2002). In Yukon, this includes berries, squash, 
beans and herbs. It is well known that pollinators are essential for many food 
crops, and also contribute significantly to the productivity of crops that are not 
solely dependent on animal pollinators (Klein et al. 2006). In Yukon, most of 
this service is provided by insects, including a wide variety of bees, flies, moths, 
butterflies, and beetles. Bees are especially effective at pollination due to their 
need to gather pollen to feed their offspring (Winfree 2010).  Bumble bees are 
particularly well-suited for northern crops because of their ability to be active 
in cool temperatures, their wide breadth of floral choices including non-native 
plants, and the relatively long duration of their active season (Heinrich 2004, 
Leung and Forrest 2019, Weissman et al. 2021). Most other bee species (e.g., 
mining bees, leafcutter bees) in Yukon have shorter active seasons, and therefore 
a more restricted set of flowers on which to feed.

In landscapes more heavily altered by humans, where pollinator habitats 
are heavily degraded, researchers are devising methods to restore habitats 
that will provide native pollinators with nesting and foraging opportunities, 
including the use of native forbs (Dumroese et al. 2016, Drobney et al. 2021). 
In Yukon, where wildlands are still being actively converted to agricultural 
clearings, there is the opportunity to focus efforts on retaining suitable nesting 
and foraging habitats in conjunction with agricultural clearings, in addition to 
restoring such habitats in some circumstances. 
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A variety of insects pollinate crops, in addition to bumble bees: mason bee (top left) and marsh fly (top 
right) feeding on strawberry flowers; mining bee (bottom left) and longhorn beetle (bottom right) feeding on 
raspberry flowers (Maria Leung).

The widespread misperception that raising honey bees contributes to the 
conservation of native pollinators and is essential to the pollination of native 
plants is pervasive in North America and in Yukon (Colla and MacIvor 2017). 
Honey bees are not a native species in North America and are not the primary 
pollinators of native plants. However, honey bees can contribute significantly 
to pollination in intensive agricultural systems (Colla and MacIvor 2017), par-
ticularly in large areas of single crops such as huge expanses of canola fields 
and almond orchards (Glenny et al. 2017). These landscapes, with limited 
wildlands and high use of pesticides and herbicides, often have a lower diver-
sity of insects including fewer native pollinators (Cane and Tepedino 2001, 
Raven and Wagner 2021). However, in less altered landscapes such as Yukon, 
the contribution of native pollinators to crop success can still function as it did 
in the era before intensive agriculture. During this era, when the sizes of farms 
were smaller and wildlands adjacent to farms were commonplace, population 
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levels of native pollinators were usually adequate for 
pollinating crops, and the value and revenue gener-
ated by raising honey bees was primarily from honey, 
not from pollination services (Belfrage et al. 2005, 
Rucker and Thurman 2019). 

There are many risks to native pollinators asso-
ciated with introduced bees, including competition 
for floral resources, disruption of plant-pollinator 
interactions, and spread of pathogens (Goulson 
2003, Thomson 2016, Magrach et al. 2017, Henry 
and Rodet 2018, Renner et al. 2021). Because honey 
bees recruit their nest mates to floral sources, they 
are able to monopolize food sources to the detriment 
of native bees, none of which recruit conspecifics to 

food sources (Hung et al. 2019, Valido et al. 2019).  Pathogen and parasite 
spillover from honey bees to bumble bees include Nosema ceranae (a microspo-
ridian), Israeli Acute Paralysis Virus, Deformed Wing Virus, Sac Brood Virus, 
Black Queen Cell Virus, and Small Hive Beetle (Singh et al. 2010 in Goulson 
2015, Goulson 2015, Colla 2016). Managed bumble bees risk infecting native 
bumble bees with Nosema bombi, implicated in the decline of several bumble 
bee species (COSEWIC 2014a, 2015).  The most common exotic bee in Yukon 
is the honey bee. Non-native bumble bees have also been used in greenhouses 
in Yukon, and there are a few instances where non-native mason bees (Osmia 
sp.) have also been imported.

Guidelines for beneficial practices for pollinators have been written for 
several jurisdictions, for example, Canada (Woodcook 2012), United States 
(Vaughan et al. 2015), and Britain (Department of Environment, Food and 
Rural Affairs 2014).  These include many resources for persons interesting 
in learning more, but they were primarily written for landscapes situated in 
warmer climates where only a small proportion of the land base remains as 
intact forest, wetlands or other wildlands. In our set of BMPs, we have included 
and adapted the most relevant guidelines from these resources and written addi-
tional recommendations specific to the Yukon context. 

Honey bee feeding on yellow lucerne (Maria Leung).
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(Top left) Forest edges and patches beside and within 
fields provide necessary nesting sites for native 
pollinators including Bumble Bees (Donald Reid).

(Top right) A hedgerow of willows provides a valuable 
mix of early season feeding plus nesting sites for 
Bumble Bees that feed on the adjacent haskap crop 
(Maria Leung).

(Left) Native pollinators require strips of unmowed 
meadow and hedgerows supporting a variety of 
flowering plants during the growing season (Maria 
Leung).

5.2. Beneficial Management Practices
5.2.1. Landscape Features
•	 Retain parcels of forested lands for nesting, overwintering and feeding 

within and adjacent to farms. Bumble bees require small cavities to nest 
in, such as old rodent burrows. Queen bumble bees require protected sites 
below ground to survive the winter. Sources of pollen, including tree pol-
lens, and nectar from the forest are of particular value early and late in 
the growing season, when queen bumble bees first establish their colonies, 
and when agricultural crops have finished flowering (Colla 2016, Mola et 
al. 2021). Openings in forest with abundant and diverse herbaceous plant 
cover are generally favourable for bees and butterflies (Hanula et al. 2016). 

•	 Retain areas that are naturally rich in nectar and pollen food. Areas natu-
rally rich in nectar and pollen include field and forest edges, and riparian 
habitats (Schweitzer et al. 2012, Colla 2016). Evans et al. (2018) found that 
wild bee abundance and diversity were higher in landscapes that enhanced 
or retained grasslands, wooded areas, and wetlands. Martínez-Núñez et al. 
(2022) found that semi-natural herbaceous habitat in the agricultural land-
scape supports a greater number of pollinator species than mass-flowering 
crops. They attributed this pattern to the higher diversity of forage plants 
for pollinators, both spatially and temporally, in semi-natural habitat. 
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•	 Establish windbreaks that incorporate nesting and foraging opportunities. 
When planning to clear land, strips of forest can be left to act as wind-
breaks. For existing cleared land, windbreaks of trees, shrubs and flowers 
can be planted. Lowering the wind speed can increase the foraging effi-
ciency of bumble bees (Mola et al. 2021). Willows are a favoured spring 
food of many pollinators including bumble bees though pollen from other 
trees may also be harvested (Vaughan et al. 2015, Mola et al. 2021). Such 
tree species can be incorporated into windbreaks. 

•	 Keep foraging habitat close to nesting habitat to minimize energy for travel. 
Use of floral resources by most native bees begins to drop off beyond 100 m 
of their nest sites, although bumble bees will forage further afield if neces-
sary (Woodcock 2010, Schweitzer et al. 2012). Nesting habitat that is close 
to or within fields would reduce travel time of pollinators to flowers. 

(Left) Strips of mature trees intersecting fields break the wind making it easier for Bumble Bees to feed. 
They also provide nest sites for the pollinators and act as snow fences thereby retaining moisture on fields in 
spring (Maria Leung)

(Right) Willow flowers are a high value source of nectar and pollen for Bumble Bees in spring (Maria Leung)..

(Left) Nesting habitat in forest close to feeding areas of berry crops flowering at different times enhances the 
ability of a variety of native pollinators to occupy the area (Maria Leung).

(Right) A copse of trees and a hedgerow of willows both provide excellent nest sites and alternative feeding 
areas for Bumble Bees who pollinate the flowers of haskap berry bushes (rows in foreground) (Maria Leung).
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•	 Incorporate feeding habitat for pollinators along-
side existing features such as field edges and 
roadsides, ensuring that there is enough variety 
of flowering plants to span the growing sea-
son. Bumble bees have a long active season and 
require flowers for pollen and nectar for most of 
the growing season (May to August). Encourage 
growth and proliferation of existing native flow-
ers as these will be pre-adapted to the site. 

5.2.2. Crop Management
•	 Avoid the use of pesticides, herbicides, and fun-

gicides wherever possible. Neonicotinoids and 
Diflubenzuron are known to be toxic to bees, 
whereas Bacillus thuringiensis (Bt) is not known 
to affect bees (Schweitzer et al. 2012). Bt is routinely applied in Yukon, 
especially in municipalities, to control mosquito populations (Duka 
Environmental Services, unpublished data). Though a wide variety of other 
pesticides are sold and applied in Yukon, information on the extent and 
frequency of use is unavailable. Bumble bees exposed to herbicidal formulas 
with surfactants, sold under the trademarked name “Roundup”, exhibited 
30% to 94% mortality (Straw et al. 2021). Elston et al. (2013) found sub-
lethal effects on bumble bees exposed to the fungicide propiconazole. 

•	 Control pests through cultural and mechanical methods in lieu of pesti-
cides. Cultural methods are based on making the habitat less acceptable to 
pests. A method that is commonly used is rotating vulnerable crops with 
crops that the pest of concern will not affect. This crop rotation keeps 
the population of the pest at low levels (Hill 1989). Mechanical methods 
are based on physically excluding pest species from vulnerable crops. An 
example is the use of row covers during the period when pest species are 
most likely to affect the crop (Dara 2019). 

Unmanaged meadows within the farms, often as strips 
beside fields and roads, can provide flowers in bloom 
over the course of the growing season (Donald Reid).

(Left) The Certified Organic label ensures that the produce being sold is grown without herbicides, pesticides 
and fungicides. These agrochemicals pose a risk to pollinator health (Maria Leung).

(Right) The use of row covers over young vegetables can protect plants from frost and from damage by some 
insect pests (Maria Leung).



36 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

•	 If pesticides are necessary, target specific pests and minimize damage to 
beneficial insects. Targeting specific pests is a contrast to prophylactic use 
of systemic pesticides such as canola seed pre-treated with neonicotinoids 
(Colla 2016). Examples of the targeted approach are minimizing use of 
pesticides while forage plants are in flower, and reducing risk of pesticides 
drifting onto foraging and nesting habitats of bees by applying pesticides 
only on calm days. 

•	 Plant crops that provide feeding opportunities to bumble bees and other 
pollinators. All varieties of berries grown in Yukon provide potential pol-
linator food, including haskap, gooseberry, currant, raspberry, and straw-
berry. Many herbaceous crops are also suitable, including chives, onions, 
sage, lavender, and borage.  Yukon cover crops used by pollinators include 
alfalfa, clover, and field peas. Planting a variety of crops that will flower 
in succession across the farm landscape provides a sustained set of food 
sources throughout the bees’ active season. 

(Top left) A crop of field peas provides feeding 
opportunities for Bumble Bees (Maria Leung).

(Top right) Haskap berries result from early season 
pollination of flowers mainly by Bumble Bees who 
tolerate colder temperatures (Maria Leung).

(Left) Raspberries result from mid-season pollination 
of flowers by a diversity of native pollinators (Maria 
Leung).
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continued on next page

•	 Time activities to minimize damage to bee nests and feeding opportunities. 
To avoid activity that interferes with nesting and foraging bees, schedule 
treatments, such as tilling and burning in fields, to early or late in the grow-
ing season before colonies establish or after colonies have produced queens 
for the following year. Schedule mowing of crops such as clover in fields for 
after their flowers senesce (Schweitzer et al. 2012). 

•	 Intercrop perennial crops for human consump-
tion with food plants for bumble bees and other 
pollinators. For domestic crops such as berries 
that require pollination, intercropping with other 
flowering plants will increase the stability of 
pollinator populations in the same field (Chan 
2012). Evans et al. (2018) found that there was a 
perceptible benefit to bees with as little as 1% of 
the area supporting flowers used by bees among 
crops not fed on by bees.  A Yukon example of 
intercropping is to have native plants such as 
wild strawberry, goldenrod, fireweed, kinnickin-
nick, scorpion weed, groundsel, northern blue-
bells, lupine, and penstemon growing in-between 
rows of haskap bushes. These native flower 
species can be alternative food sources after the 
haskap bushes have finished blooming. 

5.2.3. Livestock Management
•	 Control access by livestock to habitats of high 

value to bees in agricultural land holdings. To 
sustain forage opportunities for bumble bees, 
control access by livestock to riparian, wetland, 
and forested habitats to prevent grazing and 
trampling of vegetation during the growing 
season. This can be done by barriers such as 
fencing, or timing livestock access to outside the 
growing season to minimize damage to pollinator 
habitats. 

Bumble Bees and other pollinators can better persist 
among berry crops when other flowering plants 
are grown in the same field. Here, rows of black 
currant and haskap bushes that flower early in the 
season are intercropped with mid-season flowering 
strawberries (white flowers) (Maria Leung).

Fencing is required to protect flowering plants in 
wetland borders and meadow strips from trampling 
and feeding by livestock (Donald Reid).
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•	 Limit and control access by honey bees to habitats outside of agricultural 
lands. In Yukon, movement of all domestic livestock is controlled, except 
the honey bee. Yet, the honey bee poses the same risk to native species 
as other livestock pose, including pathogen spillover and competition for 
food.  Currently, Yukon does not have a set of territory-wide regulations 
explicitly for managing honey bees, nor does it have a registry of apiaries. 
These are gaps that need to be filled. Other Canadian jurisdictions have leg-
islated restrictions on movement of honey bee hives, including Ontario (Bee 
Act), Nova Scotia (Bee Industry Act), and British Columbia (Animal Health 
Act). Restricting movement is intended to reduce the risk of introducing 
pathogens from honey bees at one location to another location. This has 
the added benefit of reducing pathogen spillover to native bees. Hatfield et 
al. (2018) recommend placement of honey bee apiaries greater than 4 miles 
(6.4 km) from known locations of native pollinators at-risk, wilderness 
areas, and habitats of special value for pollinators or other biodiversity. 
Limiting the size and spacing of apiaries would reduce competition with 
native pollinators and among honey bee colonies (Hatfield et al. 2018).  

Honey bees are raised in portable 
hives in various settings in Yukon. 
Improved management could reduce 
risk of food competition with native 
pollinators and of spreading pathogens 
to native bees (Maria Leung).

•	 Ensure adequate management of honey bee apiaries in Yukon 
in order to minimize risk to native bees. Yukon does not have a 
formal set of territory-wide regulations to govern management 
of honey bees. Yukon needs to draft, formalize, implement, and 
enforce beekeeping regulations. Confirm that beekeepers are 
invested in keeping their honey bees healthy and treating infec-
tions that may spill over to wild populations of native bees. To 
reduce risk of pathogen spillover to bumble bees from honey 
bees, ensure that honey bees that will be brought into Yukon 
are parasite free, given sterile food and housing, and screened 
for disease before and after arriving (Goulson 2015) at destina-
tions in Yukon. 

•	 Prohibit the importation to Yukon of managed bumble bees. 
Managed bumble bees that have been imported are known to 
spread pathogens to native bumble bees and have been implicat-
ed in the decline of several species, including species that are still 
found in Yukon (COSEWIC 2014a, 2014b, 2015; Environment 
and Climate Change Canada 2022).  Newfoundland is proactive 
in minimizing the risk of disease spillover from managed bum-
ble bees by prohibiting the import of commercially produced 
bumble bees under Section 83 of their Wild Life Regulations. 



39beneficial management practices for wildlife species at risk on agricultural lands in yukon

6.0  Literature Cited
Aktar, M.W., D. Sengupta, and A. Chowdhury. 2009. Impact of pesticide use in agricul-
ture: their benefits and hazards. Interdisciplinary Toxicology 2: 1-12.

Ambrosini, R. L. Bani, D. Massimino, L. Fornasari, and N. Saino. 2011. Large-scale spa-
tial distribution of breeding Barn Swallows Hirundo rustica in relation to cattle farming. 
Bird Study 58: 495-505.

Ambrosini, R., A.M. Bolzern, L. Canova, S. Arieni, A.P. Møller, and N. Saino. 2002a. 
The distribution and colony size of barn swallows in relation to agricultural land use. 
Journal of Applied Ecology 39: 524-34.

Ancillotto, I., A. Ariano, V. Nardone, L. Budinski, J. Ryder ll, and D. Russo. 2017. 
Effects of free-ranging cattle and landscape complexity on bat foraging: implications for 
bat conservation and livestock management. Agriculture, Ecosystems and Environment 
241: 54-61. [Italy]

Anthony, E.L.P. and T. H. Kunz. 1977. Feeding strategies of the Little Brown Bat, Myotis 
lucifugus, in southern New Hampshire. Ecology 58: 775-786.

Avery, M. L. 2013. Rusty Blackbird (Euphagus carolinus), version 2.0. In A. F. Poole 
(Editor). The Birds of North America. Cornell Lab of Ornithology, Ithaca, NY, USA. 
https://doi.org/10.2173/bna.200

Azam, C., I. Le Viol, J-F. Julien, Y. Bas, and C. Kerbiriou. 2016. Disentangling the rela-
tive effect of light pollution, impervious surfaces and intensive agriculture on bat activity 
with a national-scale monitoring program. Landscape Ecology 31: 2471-2483. [France]

Bank Swallow Technical Advisory Committee. 2013. Bank Swallow (Riparia riparia) 
Conservation Strategy for the Sacramento River Watershed, California. Version 1.0. 
Available (August 2022) at: www.sacramentoriver.org/bans/

Barclay, R. 1988. Variation in the costs, benefits, and frequency of nest reuse by Barn 
Swallows (Hirundo rustica). Auk 105: 53-60.

Barré, K., I. Le Viol, R. Julliard, F. Chiron, and C. Kerbiriou. 2017. Tillage and herbicide 
reduction mitigate the gap between conventional and organic farming effects on foraging 
activity of insectivorous bats. Ecology and Evolution 8: 1496–1506. [France]

Basili, G.D. and S.A. Temple. 1999. Winter ecology, behavior, and conservation needs of 
Dickcissels in Venezuela. Studies in Avian Biology 19: 289-299.

Belfrage, K., J. Björklund, and L. Salomonsson. 2005. The effects of farm size and orga-
nic farming on diversity of birds, pollinators, and plants in a Swedish landscape. Ambio 
34: 582-588.

Belsky, A.J., A. Matzke, and S. Uselman. 1999. Survey of livestock influences on stream 
and riparian ecosystems in the western United States. Journal of Soil and Water Conser-
vation 54: 419-431.

Benton, T.G., D.M. Bryant, L. Cole, and H.Q.P. Crick. 2002. Linking agricultural 
practice to insect and bird populations: a historical study over three decades. Journal of 
Applied Ecology 39: 673-687.

Best, L.B. 2000. Continuous enrollment conservation reserve program: The value of 
buffer habitats for birds in agricultural landscapes. A comprehensive review of farm bill 
contributions to wildlife conservation. Pp. 75-94. Available (August 2022) at: https://
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_010147.pdf 

Blakey, R.V., R.T. Kingsford, B.S. Law, and J. Stoklosa. 2017. Floodplain habitat is dis-
proportionately important for bats in a large river basin. Biological Conservation 215: 
1-10. [Australia]

Boughey, K.L., I.R. Lake, K.A. Haysom, and P.M. Dolman. 2011. Improving the biodi-
versity benefits of hedgerows: how physical characteristics and the proximity of foraging 
habitat affect the use of linear features by bats. Biological Conservation 144: 1790–1798.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_010147.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_010147.pdf


40 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

Boyles, J.G., P.M. Cryan, G.F. McCracken, and T.H. Kunz. 2011. Economic importance 
of bats in agriculture. Science 332: 41-42.

Brittingham, M.C. and L.M. Williams. 2000. Bat boxes as alternative roosts for dis-
placed maternity colonies. Wildlife Society Bulletin 28: 197-207.

Cane, J. H. and V. J. Tepedino. 2001. Causes and extent of declines among native North 
American invertebrate pollinators: detection, evidence, and consequences. Conservation 
Ecology 5(1): 1. [online] URL: http://www.consecol.org/vol5/iss1/art1/

Chan, S. 2012. A Landowner’s Guide to Conserving Native Pollinators in Ontario. 40pp. 
Available (Auigust 2022) at: https://feedthebees.org/wp-content/uploads/2013/03/A-
Landowners-Guide-to-Conserving-Native-Pollinators-in-Ontario.pdf 

Coleman, L.S., W.M. Ford, C.A. Dobony, and E.R. Britzke. 2014. Comparison of radio-
telemetric home-range analysis and acoustic detection for Little Brown Bat habitat eva-
luation. Northeastern Naturalist 21: 431-445.

Colla, S.R. 2016. Status, threats and conservation recommendations for wild bumble 
bees (Bombus spp.) in Ontario, Canada: A review for policymakers and practitioners. 
Natural Areas Journal 36: 412-426.

Colla, S.R. and J.S. MacIvor. 2017. Questioning public perception, conservation policy, 
and recovery actions for honeybees in North America. Conservation Biology 31: 1202-
1204.

Community Bat Programs of BC. 2019. Best Management Practices for Bat Boxes in 
British Columbia. 11p. Available (August 2022) at: https://www.bcbats.ca/attachments/
BMPS-for-Bat-Boxes-in-BC-2019.pdf  

COSEWIC. 2011. COSEWIC assessment and status report on the Barn Swallow 
Hirundo rustica in Canada. Committee on the Status of Endangered Wildlife in Canada. 
Ottawa. ix + 37 pp.

COSEWIC. 2013. COSEWIC assessment and status report on the Little Brown Myotis 
Myotis lucifugus, Northern Myotis Myotis septentrionalis and Tri-colored Bat Perimyo-
tis subflavus in Canada. Committee on the Status of Endangered Wildlife in Canada. 
Ottawa. xxiv + 93 pp.

COSEWIC. 2014a. COSEWIC assessment and status report on the Western Bumble Bee 
Bombus occidentalis, occidentalis subspecies (Bombus occidentalis occidentalis) and the 
mckayi subspecies (Bombus occidentalis mckayi) in Canada. Committee on the Status 
of Endangered Wildlife in Canada. Ottawa. xii + 52 pp.

COSEWIC. 2014b. COSEWIC assessment and status report on the Gypsy Cuckoo 
Bumble Bombus bohemicus in Canada. Committee on the Status of Endangered Wildlife 
in Canada. Ottawa. ix + 56 pp.

COSEWIC. 2015. COSEWIC assessment and status report on the Yellow-banded 
Bumble Bee Bombus terricola in Canada. Committee on the Status of Endangered 
Wildlife in Canada. Ottawa. ix + 60 pp.

COSEWIC. 2019. COSEWIC assessment and status report on the Suckley’s Cuckoo 
Bumble Bee Bombus suckleyi in Canada. Committee on the Status of Endangered 
Wildlife in Canada. Ottawa. xi + 70 pp.

Daly, A. 2002. The Barn Swallow: Friend of the farm. University of Maryland. Maryland 
Cooperative Extension Fact Sheet 798. Available (August 2022) at: http://www.growing-
foryou.com/images/Swallows.pdf 

Dara, S.K. 2019. The new integrated pest management paradigm for the modern age. 
Journal of Integrated Pest Management 10(1):12 https://doi.org/10.1093/jipm/pmz010

Department for Environment, Food and Rural Affairs. 2014. The national pollinator 
strategy: for bees and other pollinators in England. United Kingdom Department for 
Environment, Food and Rural Affairs, York. 36 pp.

https://feedthebees.org/wp-content/uploads/2013/03/A-Landowners-Guide-to-Conserving-Native-Pollinators-in-Ontario.pdf
https://feedthebees.org/wp-content/uploads/2013/03/A-Landowners-Guide-to-Conserving-Native-Pollinators-in-Ontario.pdf
https://www.bcbats.ca/attachments/BMPS-for-Bat-Boxes-in-BC-2019.pdf
https://www.bcbats.ca/attachments/BMPS-for-Bat-Boxes-in-BC-2019.pdf
http://www.growingforyou.com/images/Swallows.pdf
http://www.growingforyou.com/images/Swallows.pdf
https://doi.org/10.1093/jipm/pmz010


41beneficial management practices for wildlife species at risk on agricultural lands in yukon

DeSanto, T. L. and M.F. Willson. 2001. Predator abundance and predation of artificial 
nests in natural and anthropogenic conifer forest edges in southeast Alaska. Journal of 
Field Ornithology 72: 136–149.

Downs, N.C. and P.A. Racey. 2006. The use by bats of habitat features in mixed far-
mland in Scotland. Acta Chiropterologica 8: 169-185. [Scotland].

Drobney, P., D.L. Larson, J.L. Larson, and K. Viste-Sparkman. 2021. Toward improving 
pollinator habitat: reconstructing prairies with high forb diversity. Natural Areas Journal 
40: 252-261.

Duchamp, J.E. and R.K. Swihart. 2008. Shifts in bat community structure related to 
evolved traits and features of human-altered landscapes. Landscape Ecology 23: 849-
860. [Indiana, USA].

Dumroese, R.K. 2016. Forbs: Foundation for restoration of monarch butterflies, other 
pollinators, and greater sage-grouse in the western United States. Natural Areas Journal 
36: 499-511.

Elston, C., H.M. Thompson, and K.F.A. Walter. 2013. Sub-lethal effects of thiame-
thoxam, a neonicotinoid pesticide, and propiconazole, a DMI fungicide, on colony 
initiation in bumble bee (Bombus terrestris) micro-colonies. Apidologie 44: 563-574.

Environment and Climate Change Canada. 2018. Recovery Strategy for the Little Brown 
Myotis (Myotis lucifugus), the Northern Myotis (Myotis septentrionalis), and the Tri-
colored Bat (Perimyotis subflavus) in Canada. Species at Risk Act Recovery Strategy 
Series. Environment and Climate Change Canada, Ottawa. ix + 172 pp.

Environment and Climate Change Canada. 2022. Recovery Strategy for the Gypsy Cuc-
koo Bumble Bee (Bombus bohemicus) in Canada [Proposed]. Species at Risk Act Reco-
very Strategy Series. Environment and Climate Change Canada, Ottawa. viii + 80 pp.

Environment Canada. 2015. Management Plan for the Rusty Blackbird (Euphagus caro-
linus) in Canada [Proposed]. Species at Risk Act Management Plan Series. Environment 
Canada, Ottawa. iv + 22 pp.

Evans, E., M. Smart, D. Cariveau, and M. Spivak. 2018. Wild, native bees and managed 
honey bees benefit from similar agricultural land uses. Agriculture, Ecosystems and 
Environment 268: 162-170.

Evans, K.L. 2001. The effects of agriculture on Swallows Hirundo rustica. PhD thesis, 
University of Oxford.

Evans, K.L. and R.A. Robinson. 2004. Barn Swallows and agriculture. British Birds 97: 
218–230.

Evans, K.L., J.D. Wilson, and R.B. Bradbury. 2007. Effects of crop type and aerial inver-
tebrate abundance on foraging barn swallows Hirundo rustica. Agriculture, Ecosystems 
and Environment 122: 267-273.

Fenton, M.B. and G.P. Bell. 1979. Echolocation and feeding behaviour in four species 
of in four species of Myotis (Chiroptera). Canadian Journal of Zoology 57: 1273-1277. 
[Ontario, Canada]

Francis, C.A. and P. Porter. 2011. Ecology in sustainable agriculture practices and systems. 
Critical Reviews in Plant Sciences 30: 64–73. DOI: 10.1080/07352689.2011.554353

Frey-Ehrenbold, A., F. Bontadina, R. Arlettaz, and M.K. Obrist. 2013. Landscape 
connectivity, habitat structure and activity of bat guilds in farmland-dominated matrices. 
Journal of Applied Ecology 50: 252-261. [Switzerland]

Garrison, B.A. 1999. Bank Swallow (Riparia riparia), version 2.0. In A. F. Poole and F. 
B. Gill (Editors). The Birds of North America. Cornell Lab of Ornithology, Ithaca, NY, 
USA. https://doi.org/10.2173/bna.414

Gehrt, S.D. and J.E. Chelsvig.  2003. Bat activity in an urban landscape: Patterns at the 
landscape and microhabitat scale. Ecological Applications 13: 939-950. [Illinois]



42 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

Glenny, W., I. Cavigli, K.F. Daughenbaugh, R. Radford, S.E. Kegley, and M.L. Flenniken. 
2017. Honey bee (Apis mellifera) colony health and pathogen composition in migratory 
beekeeping operations involved in California almond pollination. PLoS ONE 12(8): 
e0182814

Goulson, D. 2003. Effects of introduced bees on native ecosystems. Annual Review of 
Ecology and Systematics. 34: 1-26.

Goulson, D. and W.O.H. Hughes. 2015. Mitigating the anthropogenic spread of bee 
parasites to protect wild pollinators. Biological Conservation 191: 10-19.

Government of Yukon. 2011. Forest Resources Regulation: Riparian management 
on streams and lakes -Standards and Guidelines. Forest Management Branch, Yukon 
Department of Energy, Mines and Resources, Whitehorse, Yukon. Available at: https://
yukon.ca/sites/yukon.ca/files/emr/emr-forest-resources-regulation-riparian-management-
streams-lakes-standards-guidelines.pdf 

Government of Yukon. 2016. Local food strategy for Yukon. Agriculture Branch, Yukon 
Department of Energy, Mines and Resources, Whitehorse, Yukon. 29pp.

Government of Yukon. 2018. Yukon agriculture state of the industry report. Agriculture 
Branch, Yukon Department of Energy, Mines and Resources, Whitehorse, Yukon. 48 pp.

Government of Yukon. 2020. Cultivating Our Future: 2020 Yukon Agriculture Policy. 
Agriculture Branch, Yukon Department of Energy, Mines and Resources, Whitehorse, 
Yukon. 42 pp.

Greenberg, R. and S. Droege. 1999. On the decline of the Rusty Blackbird and the use 
of ornithological literature to document long-term population trends. Conservation 
Biology 13: 553–559.

Greenberg, R. and S. M. Matsuoka. 2010. Special section: Range wide ecology of the 
declining Rusty Blackbird: Mysteries of a species in decline. Condor 112: 770-777.

Greenberg, R., D.W. Demarest, S.M. Matsuoka, C. Mettke-Hofmann, D.C. Evers, P.B. 
Hamel, J.D. Luscier, L.L. Powell, D. Shaw, M.L. Avery, K.A. Hobson, P.J. Blancher, and 
D.K. Niven. 2011. Understanding declines in Rusty Blackbirds. Pages 107-126 In J.V. 
Wells (Editor). Boreal Birds of North America. Studies in Avian Biology. University of 
California Press. Berkeley, CA.

Grindal, S.D. and R.M. Brigham. 1999. Impacts of forest harvesting on habitat use by 
foraging insectivorous bats at different spatial scales. Ecoscience 6: 25-34.

Grindal, S.D., J.L. Morissette, and R.M. Brigham. 1999. Concentration of bat activity 
in riparian habitats over an elevational gradient. Canadian Journal of Zoology 77: 972-
977.

Grüebler, M.U., F. Korner-Nievergeit, and J. von Hirschheydt. 2010. The reproductive 
benefits of livestock farming in barn swallows Hirundo rustica: quality of nest site or 
foraging habitat? Journal of Applied Ecology 47: 1340-1347.

Grüebler, M.U., M. Morand, and B. Naef-Daenzer. 2008. A predictive model of the 
density of airborne insects in agricultural environments. Agriculture, Ecosystems and 
Environment 123: 75–80.

Hanspach, J., J. Fischer, K. Ikin, J. Stott, and B. S. Law. 2012. Using trait-based filtering 
as a predictive framework for conservation: a case study of bats on farms in southeastern 
Australia. Journal of Applied Ecology 49: 842-850. [Australia]

Hanula, J.L., M.D. Ulyshen, and S. Horn. 2016. Conserving pollinators in North Ame-
rican forests: a review. Natural Areas Journal 36: 427-439.

Hatfield, R., S. Jepsen, M. Vaughan, S. Black, and E. Lee-Mäder. 2018. An overview of 
the potential impacts of honey bees to native bees, plant communities, and ecosystems 
in wild landscapes: Recommendations for land managers. The Xerces Society of Inverte-
brate Conservation. Portland, Oregon. 12 pp.

https://yukon.ca/sites/yukon.ca/files/emr/emr-forest-resources-regulation-riparian-management-streams-lakes-standards-guidelines.pdf
https://yukon.ca/sites/yukon.ca/files/emr/emr-forest-resources-regulation-riparian-management-streams-lakes-standards-guidelines.pdf
https://yukon.ca/sites/yukon.ca/files/emr/emr-forest-resources-regulation-riparian-management-streams-lakes-standards-guidelines.pdf


43beneficial management practices for wildlife species at risk on agricultural lands in yukon

Heim, O., J.T. Treitler, M. Tschapka, M. Knörnschild, and K. Jung. 2015. The impor-
tance of landscape elements for bat activity and species richness in agricultural areas. 
PLoS ONE 10(7):e0134443. doi:10.1371/journal.pone.0134443

Heim, O., L. Lorenz, S. Kramer-Schadt, K. Jung, C. C. Voigt, and J. A. Eccard. 2017. 
Landscape and scale-dependent spatial niches of bats foraging above intensively used 
arable fields. Ecological Processes 6: 1-15. [Germany]

Heinrich, B. 2004. Bumble bee Economics. Harvard University Press, Cambridge, Mas-
sachusetts.

Hendershot, J.N., J.R. Smith, C.B. Anderson, A.D. Letten, L.O. Frishkoff, J.R. Zook, T. 
Fukami, and G.C. Daily. 2020. Intensive farming drives long-term shifts in avian com-
munity composition. Nature 579: 393-396.

Henderson, L.E. and H.G. Broders. 2008. Movements and resources selection of the 
Northern Long-eared Myotis (Myotis septentrionalis) in a forest-agriculture landscape. 
Journal of Mammalogy 89: 952–963. [PEI, Canada]

Henry, M. and G. Rodet. 2018. Controlling the impact of the managed honeybee on wild 
bees in protected areas. Scientific Reports 8:9308.

Hill, S. 1989. Cultural methods of pest, primarily insect, control. Ecological Agriculture 
Projects Publication 58. McGill University, Ste-Anne de Bellevue, Québec.

Jantzen, M.K. and M.B. Fenton. 2013. The depth of edge influence among insectivorous 
bats at forest–field interfaces. Canadian Journal of Zoology 91: 287–292.

Jobin, B., J.-L. DesGranges, and C. Boutin. 1996. Population trends in selected species 
of farmland birds in relation to recent developments in agriculture in the St. Lawrence 
Valley. Agriculture, Ecosystems and Environment 57: 103-116.

Jones G. and J. Rydell. 1994. Foraging strategy and predation risk as factors influencing 
emergence time in echolocating bats. Philosophical Transactions of the Royal Society B: 
Biological Sciences 346: 445–455.

Jung, T.S. and B.G. Slough. 2005. Mortality of little brown bats, Myotis lucifugus, in 
a rodent trap in the boreal forest. Canadian Field Naturalist 119: 589-590. [Yukon, 
Canada]

Kahnonitch, I., Y. Lubin, and C. Korine. 2018. Insectivorous bats in semi-arid agroeco-
systems − effects on foraging activity and implications for insect pest control. Agricul-
ture, Ecosystems and Environment 261: 80-92. [Israel]

Kalda, O., R. Kalda, and J. Liira. 2015. Multi-scale ecology of insectivorous bats in agri-
cultural landscapes. Agriculture, Ecosystems and Environment 199: 105-113. [Estonia]

Khanna, R. and S. Gupta. 2018. Agrochemicals as a potential cause of ground water 
pollution: A review. International Journal of Chemical Studies 6: 985-990.

Kigore, D.L. and K.L. Knudsen. 1977. Analysis of materials in Cliff and Barn Swallow 
nests: Relationship between mud selection and nest architecture. Wilson Bulletin 89: 
562-571.

King, M., D. Altdorf, P. Li, L. Galagedara, J. Holden, and A. Unc. 2018. Northward 
shift of the agricultural climate zone under 21st-century global climate change. Scientific 
Reports 8:7904 DOI:10.1038/s41598-018-26321-8.  

Kirk, D.A., K.E. Lindsay, and R.W. Brook. 2011. Risk of agricultural practices and habi-
tat change to farmland birds. Avian Conservation and Ecology 6(1): 5

Klein, A.M., B.E. Vaissiere, J.H. Cane, I. Steffan-Dewenter, S.A. Cunningham, C. Kre-
men, and T. Tscharntke. 2007. Importance of pollinators in changing landscapes for 
world crops. Proceedings of the Royal Society B: Biological Sciences 274: 303–313.



44 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

Kniowski, A.B. and S.D. Gehrt. 2014. Home range and habitat selection of the Indiana 
Bat in an agricultural landscape. Journal of Wildlife Management 78: 503-512. [Ohio, 
USA]

Koford, R.R. and L.B. Best. 1996. Management of agricultural landscapes for the 
conservation of neotropical migratory birds. In F.R. Thompson III (Editor). Manage-
ment of midwestern landscapes for the conservation of Neotropical migratory birds. 
USDA Forest Service. General Technical Report NC-187. North Central Forest Experi-
ment Station Columbia. Pp. 68-88.

Korine, C., A.M. Adams, U. Shamir, and A. Gross. 2015. Effect of water quality on 
species richness and activity of desert-dwelling bats. Mammalian Biology 80: 185–190. 
[Israel]

Kremen, C., A. Iles, and C. Bacon. 2012. Diversified farming systems: an agroecological, 
systems-based alternative to modern industrial agriculture. Ecology and Society 17:44. 
doi: 10.5751/ES-05103-170444

Kremen, C., N.M. Williams, and R.W. Thorp. 2002. Crop pollination from native 
bees at risk from agricultural intensification. Proceedings of the National Academy of 
Sciences 99: 16812-16816.

Kunz, T.H., E. Braun de Torrez, D. Bauer, T. Lobova, and T.H. Fleming. 2011. Ecosys-
tem services provided by bats. Annals of the New York Academy of Sciences 1223: 1-38.

Kurta, A., G.P. Bell, K.A. Nagy, and T.H. Kunz. 1989. Energetics of pregnancy and 
lactation in free-ranging Little Brown Bats (Myotis lucifugus). Physiological Zoology 
62: 804-818.

Lamoureux, S. and C. Dion. 2019. Recommendation Guide – Habitat Management 
Practices for the Protection of Farmland Birds – 2nd edition. Regroupement Québec 
Oiseaux, Montréal, 198 pp. Available (August 2022) at: https://numerique.banq.qc.ca/
patrimoine/details/52327/2983638 

Landis, D.A., S.D. Wratten, and G.M. Gurr. 2000. Habitat management to conserve 
natural enemies of arthropod pests in agriculture. Annual Review of Entomology 45: 
1745-201.

Latendresse, C., B. Jobin, A. Baril, C. Maisonneuve, C. Boutin, and D. Côté. 2008. 
Dynamique spatiotemporelle des habitats fauniques dans l’écorégion des Basses terres 
du fleuve Saint-Laurent, 1950-1997. Technical Report Series No. 494, Environment 
Canada, Canadian Wildlife Service, Quebec Region, Quebec, 83 pp. + appendices.

Leung, M.C-Y. and J.R.K. Forrest. 2019. Insect pollinators of haskap (Lonicera caerulea 
L.: Caprifoliaceae) in subarctic Canada. Open Agriculture 4(1): 676-683.

Leung, M.C-Y. and D.G. Reid. In press. Nesting ecology of the Barn Swallow on agri-
cultural lands in Yukon. Western Birds 53.

Leung, M.C., D.G. Reid and W.D. Halliday. In press. Sun hats for bat boxes: mitigating 
the risk of overheating at northern latitudes. Northwestern Naturalist 103.

Maas, B., Y. Clough, and T. Tscharntke. 2013. Bats and birds increase crop yield in 
tropical agroforestry landscapes. Ecology Letters 16: 1480-1487. [Indonesia]

Magrach, A., J.P. González-Varo, M. Boiffier, M. Vilà, and I. Bartomeus. 2017. Honey-
bee spillover reshuffles pollinator diets and affects plant reproductive success. Nature 
Ecology and Evolution 1: 1299–1307.

Maine, J.J. and J.G. Boyles. 2015. Bats initiate vital agroecological interactions in corn. 
Proceedings of the National Academy of Sciences 112: 12438-12443. [Illinois, USA]

Martínez-Núñez, C., D. Kleign, C. Ganuza, D. Heupink, I. Raemakers, W. Vertommen, 
and T.P.M. Fijen. 2022. Temporal and spatial heterogeneity of semi-natural habitat, but 
not crop diversity, is correlated with landscape pollinator richness. Journal of Applied 
Ecology 2022: 1-10.

https://numerique.banq.qc.ca/patrimoine/details/52327/2983638
https://numerique.banq.qc.ca/patrimoine/details/52327/2983638


45beneficial management practices for wildlife species at risk on agricultural lands in yukon

Maslo, B., R. Valentin, K. Leu, K. Kerwin, G.C. Hamilton, A. Bevan, N.H. Fefferman, 
and D.M. Fonseca. 2016. Chirosurveillance: The use of native bats to detect invasive 
agricultural pests. PLoS ONE 12(3): e0173321. [New Jersey, USA]

Maslo, B., R.L. Mau, K. Kerwin, R. McDonough, E. McHale, and J.T. Foster. 2022. 
Bats provide a critical ecosystem service by consuming a large diversity of agricultural 
pest insects. Agriculture, Ecosystems and Environment 324:107722. doi.org/10.1016/j.
agee.2021.107722

Matsuoka, S.M., D. Shaw, and J.A. Johnson. 2010a. Estimating the abundance of nes-
ting Rusty Blackbirds in relation to wetland habitats in Alaska. Condor 112: 825-833.

Matsuoka, S.M., D. Shaw, P.H. Sinclair, J.A. Johnson, R.M. Corcoran, N.C. Dau, P.M. 
Meyers, and N.A. Rojek. 2010b. Nesting ecology of the Rusty Blackbird in Alaska and 
Canada. Condor 112: 810-824.

Mola, J.M., J. Hemberger, J. Kochanski, L.L. Richardson, and I.S. Pearse. 2021. The 
importance of forests in bumble bee biology and conservation. BioScience 71: 1234-
1248.

Møller, A.P. 2001. The effect of dairy farming on Barn Swallow Hirundo rustica abun-
dance, distribution and reproduction. Journal of Applied Ecology 38: 378-389.

Monck-Whipp, L., A.E. Martin, C.M. Francis, and L. Fahrig. 2018. Farmland heteroge-
neity benefits bats in agricultural landscapes. Agriculture, Ecosystems and Environment 
253: 131–139.

Murphy, M.T. 2003. Avian population trends within the evolving agricultural landscape 
of eastern and central United States. Auk 120: 20–34. doi:10. 2307/4090137

Nagorsen, D.W. and R.M. Brigham. 1993. Bats of British Columbia. Vancouver: Univer-
sity of British Columbia Press. pp 81-85.

Nebel, S., A.M. Mills, J.D. McCracken, and P.D. Taylor. 2010. Declines of aerial insecti-
vores in North America follow a geographic gradient. Avian Conservation and Ecology 
5(2):1 [online] http://www.ace-eco.org/vol5/iss2/art1/

Olson, C.R. and T.L. Flach. 2016. Beneficial management practices for bats for the Milk 
River and the South Saskatchewan watershed in Alberta. Alberta Conservation Asso-
ciation, Lethbridge. 92 pp. Available (August 2022) at: http://multisar.ca/wp-content/
uploads/2015/10/Multisar-Bat-BMP-Report-Final.pdf 

Olimpi, E.M. and S.M. Philpott. 2018. Agroecological farming practices promote bats. 
Agriculture, Ecosystems and Environment 265: 282-291. [California, USA]

OMNRF. 2016. Creating nesting habitat for Barn Swallows: Best Practices. Technical 
Note Version 1.0. Species Conservation Policy Branch, Ontario Ministry of Natural 
Resources and Forestry, Peterborough, Ontario. 14pp.

OMNRF. 2017. Best Management Practices for the Protection, Creation and Mainte-
nance of Bank Swallow Habitat in Ontario. Ontario Ministry of Natural Resources and 
Forestry. Queen’s Printer for Ontario, 2017. 37 pp.

Orlowski, G., J. Karg, and G. Karg. 2014. Functional invertebrate prey groups reflect 
dietary responses to phenology and farming activity and pest control services in three 
sympatric species of aerially foraging insectivorous birds. PLoS ONE 9(12): e114906.  
doi:10.1371/journal.pone.0114906

Park, K. 2014. Mitigating the impacts of agriculture on biodiversity: bats and their 
potential role as bioindicators. Mammalian Biology 80: 191-204.

Pathak, T.B., M.L. Maskey, J.A. Dahlberg, F. Kearns, K.M. Bali and D. Zaccaria. 2018. 
Climate change trends and impacts on California agriculture: A detailed review. Agro-
nomy 8: 25; doi:10.3390/agronomy8030025

Pocock, M.J.O. and N. Jennings. 2007. Testing biotic indicator taxa: the sensitivity of 
insectivorous mammals and their prey to the intensification of lowland agriculture. Jour-
nal of Applied Ecology 45: 151-160. [Britain]

http://www.ace-eco.org/vol5/iss2/art1/
http://multisar.ca/wp-content/uploads/2015/10/Multisar-Bat-BMP-Report-Final.pdf
http://multisar.ca/wp-content/uploads/2015/10/Multisar-Bat-BMP-Report-Final.pdf


46 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

Powell, L.L., T.P. Hodgman, and W.E. Glanz. 2010a. Home ranges of Rusty Blackbirds 
breeding in wetlands: How much would buffers from timber harvest protect habitat? 
Condor 112: 834-840.

Powell, L.L., T.P. Hodgman, W.E. Glanz, J.D. Osenton, and C.M. Fisher. 2010b. Nest-
site selection and nest survival of the Rusty Blackbird: Does timber management adja-
cent to wetlands create ecological traps? Condor 112: 800-809.

Put, J.E., L. Fahrig, and G.W. Mitchell. 2019. Bats respond negatively to increases in 
the amount and homogenization of agricultural land cover. Landscape Ecology 34: 
1889–1903.

Randall, L.A., R.M.R. Barclay, M.L. Reid, and T.S. Jung. 2011. Recent infestation of 
forest stands by spruce beetles does not predict habitat use by little brown bats (Myotis 
lucifugus) in southwestern Yukon, Canada. Forest Ecology and Management 261: 1950-
1956. [Yukon, Canada]

Raven, P.H. and D.L. Wagner. 2020. Agricultural intensification and climate change are 
rapidly decreasing insect biodiversity. Proceedings of the National Academy of Sciences 
118 (2):e2002548117. doi.org/10.1073/pnas.2002548117

Renner, S.S., M.S. Graf, Z. Hentschel, H. Krause, and A. Fleischmann. 2021. High 
honeybee abundances reduce wild bee abundances on flowers in the city of Munich. 
Oecologia 195: 825-831.

Rodríguez-San Pedro, A., P.N. Chaperon, C.A. Beltrán, J.L. Allendes, F.I. Ávila, and A. 
A. Grez. 2018. Influence of agricultural management on bat activity and species richness 
in vineyards of central Chile. Journal of Mammalogy 99: 1495-1502. [Chile]

Rucker, R.R. and W.N. Thurman. 2019. Combing the Landscape: An economic history 
of migratory beekeeping in the United States. Montana State University, Bozeman, Mon-
tana and North Carolina State University, Raleigh, North Carolina. 34pp.

Russo, D., L. Bosso, and L. Ancillotto. 2018. Novel perspectives on bat insectivory 
highlight the value of this ecosystem service in farmland: Research frontiers and mana-
gement implications. Agriculture, Ecosystems and Environment 266: 31-38.

Rydell J., A. Entwistle, and P.A. Racey. 1996. Timing of foraging flights of three species 
of bats in relation to insect activity and predation risk. Oikos 76: 243-252. [Scotland]

Sánchez-Bayo, F. and K.A.G. Wyckhuys. 2019. Worldwide decline of the entomofauna: 
A review of its drivers. Biological Conservation 232: 8-27.

Schweitzer, D.F., N.A. Capuano, B.E. Young, and S.R. Colla. 2012. Conservation and 
management of North American Bumble Bees. NatureServe, Arlington, Virginia, and 
USDA Forest Service, Washington, D.C. 18 pp. Available (August 2022) at: https://www.
natureserve.org/publications/conservation-and-management-north-american-bumble-
bees 

Seguin, R., M.G. Lefsrud, T. Delormier, J. Adamowski, and H. Fyles. 2022. Interregional 
differences in agricultural development across circumpolar Canada. Arctic 75: 38–54.

Shively, R.D., P.S. Barboza, P. Doak, and T.S. Jung. 2018. Increased diet breadth of 
little brown bats (Myotis lucifugus) at the northern edge of their range: a multi-method 
approach. Canadian Journal of Zoology 96: 31-36. DOI: 10.1139/cjz-2017-0017. 
[Yukon, Canada]

Sinclair, P.H., W.A. Nixon, C.D. Eckert, and N.L. Hughes.  2003.  The Birds of the 
Yukon Territory.  UBC Press, Vancouver, BC.

Sinclair, P.H., M.D. Mossop, and S.A. Stotyn. 2021. Nesting ecology and reuse of nest 
burrows by Bank Swallow (Riparia riparia) in southern Yukon. The Canadian Field-
Naturalist 134: 329–341. https://doi.org/10.22621/cfn.v134i4.2427. [Yukon, Canada]

Slough, B.G. and T.S. Jung. 2008. Observations on the natural history of bats in the 
Yukon. Northern Review 29: 127-150. 

https://www.natureserve.org/publications/conservation-and-management-north-american-bumble-bees
https://www.natureserve.org/publications/conservation-and-management-north-american-bumble-bees
https://www.natureserve.org/publications/conservation-and-management-north-american-bumble-bees
https://doi.org/10.22621/cfn.v134i4.2427


47beneficial management practices for wildlife species at risk on agricultural lands in yukon

Smith, C.A.S., J.C. Meikle, and C.F. Roots (Editors). 2004. Ecoregions of the Yukon Ter-
ritory: Biophysical properties of Yukon Landscapes. Agriculture and Agri-Food Canada, 
PARC Technical Bulletin No. 04-01, Summerland, British Columbia. 313 pp.

Stone, E.L., S. Harris, and G. Jones. 2015. Impacts of artificial lighting on bats: a review 
of challenges and solutions. Mammalian Biology 80: 213-219. 

Straw, E.A., E.N. Carpentier, and M.J.F. Brown. 2021. Roundup causes high levels of 
mortality following contact exposure in bumble bees. Journal of Applied Ecology 58: 
1167-1176.

Talerico, J.M. 2008. The behaviour, diet and morphology of the little brown bat (Myotis 
lucifugus) near the northern extent of its range in Yukon, Canada. MSc. thesis. Univer-
sity of Calgary. [Yukon, Canada]

Taylor, D.A. and M.D. Tuttle. 2007. Water for Wildlife: A handbook for ranchers and 
range managers. Bat Conservation International. 18 pp. Available (August 2022) at: 
https://www.batcon.org/wp-content/uploads/bciwaterforwildlife.pdf 

Thomas, J.P. and T.S. Jung. 2019. Life in a northern town: rural villages in the boreal 
forest are islands of habitat for an endangered bat. Ecosphere 10(1):e02563. 10.1002/
ecs2.2563. [Yukon, Canada]

Thomson, D.M. 2016. Local bumble bee decline linked to recovery of honey bees, 
drought effects on floral resources. Ecology Letters 19: 1247-1255.

Traba, J. and M.B. Morales. 2019. The decline of farmland birds in Spain is strongly 
associated to the loss of fallowland. Scientific Reports 9: 9473 https://doi.org/10.1038/
s41598-019-45854-0

Turner, A.K. 1991. Studies of west Palearctic birds. British Birds 84: 555-569.

Valido, A., M.C. Rodríguez-Rodríguez, and P. Jordano. 2019. Honeybees disrupt struc-
ture and functionality of plant-pollinator networks. Scientific Reports 9(1): 4711.

Vandermeer, J.H. 2011. The ecology of agroecosystems. Jones and Bartlett Publishers, 
Sudbury, Mass.

Vasko, V., A.S. Blomberg, E.J. Vesterinen, K.M. Suominen, L. Ruokolainen, J.E. Brom-
mer, K. Norrdahl, P. Niemelä, V.N. Laine, V. Selonen, A. Santangali, and T.M. Lilley. 
2020. Within-season changes in habitat use of forest-dwelling boreal bats. Ecology and 
Evolution 10: 4164-4174.

Vaughan, M., J. Hopwood, E. Lee-Mäder, M. Shepherd, C. Kremen, A. Stine, and S.H. 
Black. 2015. Farming for Bees: Guidelines for Providing Native Bee Habitat on Farms. 
4th ed. The Xerces Society. Portland, Oregon. 78pp. Available (August 2022) at: https://
xerces.org/sites/default/files/2018-05/15-007_04_XercesSoc_Farming-for-Bees-Guide-
lines_web.pdf 

Weissman, J.A., I.R.M. Walldorf, and H. Schaefer. 2021. The importance of wild bee 
communities as urban pollinators and the influence of honeybee hive density on wild bee 
crop visitation rates. Journal of Pollination Ecology 29: 204-230.

Whitaker, J.O. and B. Lawhead. 1992. Foods of Myotis lucifugus in a maternity colony 
in Central Alaska. Journal of Mammalogy 73: 646-648. [Alaska, USA]

Wickramasinghe, L.P., S. Harris, G. Jones, and N. Vaughan. 2003. Bat activity and spe-
cies richness on organic and conventional farms: impact of agricultural intensification. 
Journal of Applied Ecology 40: 984–993.

Wickramasinghe, L.P., S. Harris, G. Jones, and N. Vaughan. 2004. Abundance and 
species richness of nocturnal insects on organic and conventional farms: Effects of agri-
cultural intensification on bat foraging. Conservation Biology 18: 1283-1292. [Britain]

Winfree, R. 2010. The conservation and restoration of wild bees. Annals of the New 
York Academy of Sciences 1195: 169-197.

https://www.batcon.org/wp-content/uploads/bciwaterforwildlife.pdf
https://xerces.org/sites/default/files/2018-05/15-007_04_XercesSoc_Farming-for-Bees-Guidelines_web.pdf
https://xerces.org/sites/default/files/2018-05/15-007_04_XercesSoc_Farming-for-Bees-Guidelines_web.pdf
https://xerces.org/sites/default/files/2018-05/15-007_04_XercesSoc_Farming-for-Bees-Guidelines_web.pdf


48 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

Winter, K., L. Adams, R. Thorp, D. Inouye, L. Day, J. Ascher, and S. Buchmann. 2006. 
Importation of non-native Bumble Bees into North America: Potential consequences of 
using Bombus terrestris and other non-native Bumble Bees for greenhouse crop polli-
nation in Canada, Mexico and the United States. North American Pollinator Protection 
Campaign (NAPPC), San Francisco, California. 33pp. Available (August 2022) at: 
http://avocadosource.com/AvocadoCafe/20220329/WinterKimberly2006.pdf 

Withers, P.J.A., K.G. Forber, C. Lyon, S. Rothwell, D.G. Doody, H.P. Jarvie, J. Mar-
tin-Ortega, B. Jacobs, D. Cordell, M. Patton, M.A. Camargo-Valero, and R. Cassidy. 
2020. Towards resolving the phosphorus chaos created by food systems. Ambio 49: 
1076–1089.

Wolcott, K.A. and K. Vulinec. 2012. Bat activity at woodland/farmland interfaces in 
central Delaware. Northeastern Naturalist 19: 87-98. [Delaware, USA]

Woodcock, T.S. 2012. Pollination in the agricultural landscape: Best management 
practices for crop pollination. Canadian Pollination Initiative (NSERC-CANPOLIN), 
University of Guelph, Guelph, Ontario. 113 pp. Available (August 2022) at: https://
seeds.ca/pollinator/bestpractices/images/Pollination%20in%20Agricultural%20Lands-
cape_Woodcock_Final.pdf 

YBS. 2022. Population Report, First Quarter 2022. Yukon Bureau of Statistics, White-
horse, YT. Available (August 2022) at: https://yukon.ca/sites/yukon.ca/files/ybs/fin-
population-report-q1-2022.pdf 

Zduniak, P., P. Cschowski, and G. Jedro. 2011. The effect of nesting habitat on repro-
ductive output of the Barn Swallow (Hirundo rustica). A comparative study of popula-
tions from atypical and typical nesting habitats in western Poland. Belgian Journal of 
Zoology 141: 38-43.

http://avocadosource.com/AvocadoCafe/20220329/WinterKimberly2006.pdf
https://seeds.ca/pollinator/bestpractices/images/Pollination%20in%20Agricultural%20Landscape_Woodcock_Final.pdf
https://seeds.ca/pollinator/bestpractices/images/Pollination%20in%20Agricultural%20Landscape_Woodcock_Final.pdf
https://seeds.ca/pollinator/bestpractices/images/Pollination%20in%20Agricultural%20Landscape_Woodcock_Final.pdf
https://yukon.ca/sites/yukon.ca/files/ybs/fin-population-report-q1-2022.pdf
https://yukon.ca/sites/yukon.ca/files/ybs/fin-population-report-q1-2022.pdf


49beneficial management practices for wildlife species at risk on agricultural lands in yukon

WCS Canada aims to be an "Information Provider" —  supplying solid research 
that can be used as the basis for sound decision making.  The results of our 
research projects have been published as conservation reports, working papers, 
peer-reviewed journal articles and numerous books. Copies are available at 
https://www.wcscanada.org/Resources/Publications.aspx

The WCS Working Paper Series, produced through the WCS Institute, is 
designed to share with the conservation and development communities infor-
mation from the various settings where WCS works. The series is a valuable 
counterpart to the WCS Canada Conservation Reports. Copies of the WCS 
Working Papers are available at https://library.wcs.org/Scientific-Research/
Publications-Bibliographies/Working-Papers.aspx

WCS Canada Conservation Report #1
BIG ANIMALS and SMALL PARKS:  Implications of  Wildlife Distribution and 
Movements for Expansion of Nahanni National Park Reserve. John L. Weaver. 
2006.

WCS Canada Conservation Report #2
Freshwater fish in Ontario's boreal: Status, conservation and potential impacts 
of development. David R. Browne. 2007.

WCS Canada Conservation Report #3
Carnivores in the southern Canadian Rockies: core areas and connectivity across 
the Crowsnest Highway.  Clayton D. Apps, John L. Weaver, Paul C. Paquet, 
Bryce Bateman and Bruce N. McLellan. 2007.

WCS Canada Conservation Report #4
Conserving Caribou Landscapes in the Nahanni Trans-Border Region Using 
Fidelity to Seasonal Ranges and Migration Routes. John L. Weaver. 2008.

WCS Canada Conservation Report #5  
Strategic conservation assessment for the northern boreal mountains of Yukon 
and British Columbia. Donald Reid, Brian Pelchat, and John Weaver. (2010). 

WCS Canada 
Conservation Reports

https://www.wcscanada.org/Resources/Publications.aspx
https://library.wcs.org/Scientific-Research/Publications-Bibliographies/Working-Papers.aspx
https://library.wcs.org/Scientific-Research/Publications-Bibliographies/Working-Papers.aspx


50 WILDLIFE CONSERVATION SOCIETY CANADA | CONSERVATION REPORT NO. 17

WCS Canada Conservation Report #6  
Safe Havens, Safe Passages for Vulnerable Fish and Wildlife: Critical Land-
scapes. John Weaver. (2013). 

WCS Canada Conservation Report #7  
Protecting and Connecting Headwater Havens: Vital Landscapes for Vulnerable 
Fish and Wildlife, Southern Canadian Rockies of Alberta. John Weaver. (2013).

WCS Canada Conservation Report #8  
Potential Impacts and Risks of Proposed Next Generation Hydroelectric Dams 
on Fish and Fish Habitat in Yukon Waters. Al von Finster and Donald Reid. 
(2015). 

WCS Canada Conservation Report #9  
Securing a Wild Future: Planning for Landscape-Scale Conservation of Yukon's 
Boreal Mountains. Hilary Cooke. (2017).

WCS Canada Conservation Report #10  
Bighorn Backcountry of Alberta: Protecting Vulnerable Wildlife and Precious 
Waters. John Weaver. (2017). 

WCS Canada Conservation Report #11  
Assessing the Potential Cumulative Impacts of Land Use and Climate Change on 
Freshwater Fish in Northern Ontario. Cheryl Chetkiewicz, Matt Carlson, Con-
stance O'Connor, Brie Edwards, Meg Southee, and Michael Sullivan. (2017).

WCS Canada Conservation Report #12 
Fire and Insects: Managing Naturally Disturbed Forests to Conserve Ecological 
Values. Hilary A. Cooke, Julienne Morissette, Tyler Cobb, and Donald Reid. 
(2019).

WCS Canada Conservation Report #13 
The Greater Muskwa-Kechika: Building a Better Network for Protecting Wildlife 
and Wildlands. John Weaver. (2019).

WCS Canada Conservation Report #14 
Conservation of Lakeshore Zones in the Northern Boreal Mountains: State of 
Knowledge, and Principles and Guidelines for Planning and Management. Joël 
Potié and Donald Reid. (2021).

WCS Canada Conservation Report #15 
Fawn River Indigenous Protected Area Ecological Atlas. Cheryl Chetkiewicz, 
Claire Farrell, Constance O’Connor, Lorna Harris and Meg Southee. (2022).

WCS Canada Conservation Report #16
Caribou in Northern British Columbia: An Assessment of Range Condition and 

Population Status. Deborah Cichowski, R. Scott McNay and Justina C. Ray. (2022).

WCS Canada Conservation Report #17
Beneficial Management Practices for Wildlife Species at Risk on Agricultural Lands 

in Yukon. Maria Leung, Donald Reid and Brian Slough. (2022).





WCSCanada.org

Wildlife Conservation Society Canada
344 Bloor Street West, Suite 204 

Toronto, Ontario. M5S 3A7   Canada
Telephone: (416) 850-9038

http://wcscanada.org

	Blank Page
	Blank Page

