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Abstract—The prairie grasslands have been transformed to become the primary source of
agricultural production in Canada. Soon after its establishment, the Biological Survey of Canada
recognised the urgent need to document the arthropods of the prairie grasslands, especially in the few
pristine remnants. Although this initiative has yielded considerable progress in documenting the
species present in the Prairies Ecozone, comprehensive ecological studies are sparse. Landscape effects
on arthropods are well studied elsewhere, but no equivalent studies have been published for the
Canadian Prairies. Crop rotation varies landscape composition annually, changes host plant resources
in fields, and interacts with other agricultural inputs to disturb pest and beneficial arthropods. Despite
only a handful of studies on grazing, there is an emerging pattern: moderate grazing increases
arthropod diversity and benefits certain arthropod guilds. Abiotic inputs elicit variable responses from
different arthropod taxa; Carabidae (Coleoptera) are best studied, with some information available for
ants (Hymenoptera: Formicidae) and aquatic arthropods. Biotic inputs include arthropods released for
biocontrol of weed and insect pests; evidence indicates that biocontrol agents of insects have a greater
potential for impact on native communities of arthropods. The studies reviewed here reveal important
trends and research gaps to be addressed in the future.

Introduction

At least 75% of the lands originally covered
by grasslands are now used for grazing livestock
or crop cultivation in the Canadian Prairies
(Rowe 1990). There are 52 000000 ha of Canadian
farmland located in Manitoba, Alberta, and
Saskatchewan, which accounted for 81% of the area
farmed in Canada in 2011 (Statistics Canada 2012).
As a result of this agricultural expansion, < 1% of
the tallgrass prairie remains in Canada, with the
remnants occurring in small fragments in southern
Manitoba and southwestern Ontario (Chliboyko
2010; Shorthouse 2010). In other ecoregions, such
as the Mixed Grasslands, the proportion of native
grassland that remains relatively unaltered could be
as high as 30% (Hall et al. 2011).
The Prairies Ecozone now consists of grasslands,

disturbed grasslands (i.e., grazed land and hay

fields), and cropland. Croplands (or agroecosys-
tems) are dominated by spring-sown annual cereals,
oilseeds, pulses, and perennial forage crops, grown
in monoculture and maintained under high levels of
disturbance (Martens et al. 2015). Croplands fea-
ture similar timing of agronomic activities, crop
rotation schemes, soil disturbances of varying
degrees, and chemical and organic inputs tomanage
soil fertility and agricultural pests. Agricultural
practices vary spatially and temporally on an annual
basis and can have significant impacts on the
diversity and structure of arthropod communities
(McLaughlin and Mineau 1995; Olfert et al. 2002).
Arthropod communities include a few pest species
that threaten crop production but many species have
neutral effects or provide valuable ecosystem ser-
vices such as natural pest control, improvements to
soil quality, and pollination (Pimentel 2009).
Understanding arthropod communities is important
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for the conservation of ecosystem services and
subsequently, for agricultural sustainability.
Biodiversity studies of arthropods conducted in

pristine grassland habitats are sparse. Arthropods
have been widely studied in agroecosystems,
including grazed grasslands. However, most
studies have focused on species of economic
importance (i.e., pests and their natural enemies)
and cannot be considered biodiversity studies. An
exception is the comprehensive study of alfalfa by
Harper (1988) that listed 446 insect and mite
(Acari) species using a variety of sampling
methods near Lethbridge, Alberta. Studies that
directly compare arthropod communities in
agroecosystems to those in pristine or disturbed
grasslands are also rare. Biodiversity studies
conducted in agroecosystems of the Canadian
Prairies focus primarily on carabid beetles
(Coleoptera: Carabidae) (Holliday et al. 2014),
although some information on other taxa, such as
ants (Hymenoptera: Formicidae) is available.
The Biological Survey of Canada has been
instrumental in advancing our knowledge of
Prairies Ecozone arthropods (Floate et al. 2017).
One of its volumes is largely devoted to prairie
agroecosystems (Floate 2011). DNA barcoding
of samples captured in Malaise traps in the
Grasslands National Park may also provide some
insight to arthropod biodiversity in the Canadian
Prairies (Biodiversity Institute of Ontario 2013).
Our objective is to synthesise studies on the effects

of agriculture on arthropod diversity in the Canadian
Prairies. First, we consider effects of landscape
characteristics, such as fragmentation and the pro-
portion of non-crop habitat on arthropod biodiversity.
Second, we consider the effects of agricultural prac-
tices that alter arthropod habitats by affecting the
primary vegetation structure. Finally, we review the
effects of abiotic and biotic agricultural inputs for pest
and weed management. Where evidence from the
Canadian Prairies is unavailable, we rely on exam-
ples from other jurisdictions to provide an overview
of concepts to highlight research gaps and provide the
foundation for future studies.

Landscape-scale impacts: theory
and concepts

Despite increasing recognition that the abun-
dance and diversity of arthropods is highly

influenced by landscape structure (Benton et al.
2003; Chaplin-Kramer et al. 2011; Fahrig et al.
2011), very little research has been conducted at
this scale in the Canadian Prairies. To illustrate the
importance of the ecological processes taking
place at the landscape scale on determining
arthropod diversity in agroecosystems, we briefly
introduce the main concepts of the landscape
approach. We then highlight the most important
patterns arising from the data currently available
for grasslands in Canada and elsewhere.
Due to spatial and temporal instability across

agricultural landscapes, arthropods periodically
colonise agroecosystems, particularly after the
emergence of a new crop, following perturba-
tions, or to forage for alternative resources
(Wiedenmann and Smith 1997; Wissinger 1997;
Landis et al. 2000). Therefore, the arrangement of
habitats and resources in agricultural landscapes
may affect the population dynamics of arthropods
in agroecosystems. The effects of landscape
structure on arthropod diversity are classified into
two broad categories: effects of landscape com-
position (i.e., quantity and quality of habitats
within the landscape), and landscape configura-
tion (i.e., relative distribution of habitats and their
effects on arthropod movement). The proportion
of non-crop (natural or semi-natural) habitats is an
estimate of landscape structure (Bianchi et al.
2006; Chaplin-Kramer et al. 2011; Veres et al.
2013). In general, landscapes with a high pro-
portion of non-crop habitats are classified as
complex, whereas landscapes dominated by crops
are simple. Since non-crop habitats provide many
resources absent in crops, ecological theory
predicts that complex landscapes have greater
abundance and diversity of arthropods, and higher
levels of related ecosystem services (Bianchi et al.
2006; Chaplin-Kramer et al. 2011; Tscharntke
et al. 2012; Veres et al. 2013).
Landscape structure is expected to moderate

patterns of arthropod population dynamics, com-
munity structure, and ecosystem function, with
positive effects on alpha and beta diversity
(Tscharntke et al. 2012). At the landscape scale,
resources are available at different temporal and
spatial scales; this transient concentration or dilu-
tion of resources leads to subsequent concentration
or dilution of arthropod taxa. For example, mass
flowering of oilseed rape (Brassica napus Lin-
naeus; Brassicaceae) can dilute pollinator density
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and pollination services to wild flowers in natural
grasslands (Holzschultz et al. 2011). Increased
biodiversity associated with landscape hetero-
geneity can result in greater levels of species com-
plementarity and redundancy, providing insurance
to maintain ecosystem function and resilience at
multiple scales. Landscapes with intermediate
levels of complexity are thought to be the most
promising for conservation management, with the
addition of semi-natural habitat expected to restore
biodiversity and ecosystem function (Tscharntke
et al. 2012). However, there is hope for highly
simplified landscapes (i.e., “cleared” landscapes,
<1% non-crop habitat), as flowering strips in
cleared landscapes increase diversity of bees and
hoverflies (Kremen and M’Gonigle 2015).
The effects of landscape complexity cannot be

generalised to all agricultural systems, and may
not always be beneficial. For example, non-crop
habitats can provide resources that support pest
populations, sometimes cancelling out the bene-
fits of increased natural enemy populations (Thies
et al. 2005). Moreover, the relationship between
landscape structure, population dynamics, and
ecosystem services varies temporally. Seasonal
changes in habitats provide resources for arthro-
pods in agricultural landscapes suggesting that
both spatial and temporal heterogeneity of
resources is important (Chaplin-Kramer et al.
2013; Schellhorn et al. 2015). A more thorough
understanding of temporal and spatial variability
in agricultural landscapes could be used to design
agroecosystems with sustainable levels of
ecosystem services (Tscharntke et al. 2016;
Landis 2017).

Grasslands in agricultural
landscapes

Only small fragments of grasslands, with a
rich diversity of fauna, still exist isolated in
agricultural landscapes (Tscharntke et al. 2002;
De Clerck-Floate and Cárcamo 2011). Here we
define pastures and hayfields, managed for pro-
duction, as disturbed grasslands. Disturbed
grassland habitats are more perennial compared to
croplands planted to annual field crops (Werling
et al. 2014). Recent studies suggest that perma-
nent and temporary grasslands (natural or dis-
turbed) have positive effects on carabid richness,

compared with other non-crop habitats, such as
hedgerows and woodlands (Duflot et al. 2015).
In the Midwestern United States of America,
carabid beetles, spiders (Araneae), and native
Coccinellidae (Coleoptera) were more abundant
in soybean (Glycine max (Linnaeus); Fabaceae)
fields located in landscapes with higher propor-
tions of natural and disturbed grasslands
(Gardiner et al. 2009, 2010). In The Netherlands,
parasitism of Mamestra brassicae (Linnaeus)
(Lepidotera: Noctuidae) in Brussels sprout
(Brassica oleracea Linnaeus; Brassicaceae) fields
increased with the proportion of pastures in the
landscape (Bianchi et al. 2005). These studies
suggest that grasslands are good reservoirs of
insect biodiversity and may act as sources of
beneficial insects for adjacent crops in agricultural
landscapes, although there are exceptions. For
example, the proportion of grassland habitats in
the landscape is not associated with abundance of
wheat stem sawfly (Cephus cinctus Norton;
Hymenoptera: Cephidae) or its native parasitoids in
the northern Great Plains (Rand et al. 2014).
A few studies have been conducted to assess

landscape effects on arthropod diversity in eastern
Canadian agroecosystems. In Ontario, Jonsen and
Fahrig (1997) found that landscape diversity
increased the diversity of herbivorous insects in
the families Curculionidae (Coleoptera) and
Cicadellidae (Hemiptera) in alfalfa fields. Simi-
larly, Holland and Fahrig (2000) found that alfalfa
fields in landscapes with high proportions of
woody borders have greater herbivore richness.
Flick et al. (2012) demonstrated greater butterfly
(Lepidoptera) richness in more heterogeneous
agricultural landscapes. A large-scale study that
consisted of 93 1-km2 landscapes showed that
reduced field size was the main predictor of
spider, butterfly, hover fly (Diptera: Syrphidae),
bee (Hymenoptera), and carabid beetle diversity,
but crop area and crop diversity had no effect
(Fahrig et al. 2015). In Québec, Mitchell et al.
(2014) found that wider soybean fields have lower
diversity and abundance of aphidophagous pre-
dators and herbivores. Maisonhaute et al. (2010)
found significant but variable landscape effects on
ground beetle and tiger beetle (Coleoptera:
Carabidae) abundance and diversity in agri-
cultural landscapes. In general, some individual
non-crop variables (i.e., riparian vegetation, pas-
ture area, and woodland area) showed positive
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associations with beetle diversity, but habitat
diversity had negative effects (Maisonhaute et al.
2010). In soybean, the proportion of woodland
cover increased natural enemy density and functional
diversity, and enhanced biocontrol (Maisonhaute
et al. 2017).
In western Canada, Pepper (1999) studied the

impact of pasture size on spiders and beetles in
the Mixed Grassland Ecoregion in southern
Saskatchewan. Her results indicated that species
richness increased with the log-area of the pasture,
and rare species occurred more often in larger
pastures (Pepper 1999). Carabidae, Apion
amaurum Kissinger (Coleoptera: Brentidae), and
the sac spider (Clubiona mutata Gertsch;
Araneae: Clubioidae), were indicator taxa that
separated “poor quality” small pastures from
larger “good quality” pastures (Pepper 1999).
This study considered the size and range condition
of the study sites, but did not consider how other
landscape features impacted these taxa. So far as
we are aware, no other studies that explicitly
consider arthropod diversity in relation to land-
scape structures have been conducted in western
Canada. We need to fill this knowledge gap by
conducting research at the landscape scale in the
Canadian Prairies. It would be of particular
interest to assess the impact of specific landscape
characteristics (e.g., the proportion of wetlands,
the proportion of perennial versus annual crops,
and crop diversity) on arthropod biodiversity and
subsequently on the ecosystem services that
arthropods provide in agroecosystems.

Vegetation structure: crop rotation

Crop rotation (or crop succession) is the prac-
tice of growing different crops on the same piece
of land in successive years (Yates 1954), and is
known to improve yields and reduce pest pressure
(Bullock 1992). Rotations vary in the crops that
are planted, the number of crop species included
in the rotation, and the frequency of planting a
given crop. Rotations can include fallow periods
when no crop is grown. In Canada, rotations are
becoming more diversified, due to increasing
popularity of oilseeds, pulses, and specialty crops
in recent decades (Campbell et al. 2002). Recent
data indicated that prairie farmland in fallow
has decreased from 9% in 2001 to 4% in 2011

(Statistics Canada 2012). Although crop rotation
is used to control pest insects, it may impact other
arthropods as well.
Changing crop species from year-to-year alters

the habitat in a given field. Crop species determine
microclimates within the crop canopy, and the
type, quality, and timing of food resources that
arthropods encounter. Crop species also leave dif-
ferent soil-surface residues, require different inputs
(e.g., pesticides, fertilisers), and have different
disturbance regimes (e.g., harvesting, tillage).
These factors affect arthropod behaviours, life
histories, and predator-prey dynamics at various
life stages, thus influencing arthropod community
structure and richness. Because of interactions
between crop species and inputs, it can be difficult
to tease apart the effects of crop rotation from the
effects of inputs associated with different rotational
schemes (Smith et al. 2008). For example, diver-
sified rotations are often accompanied by reduced
pesticide use; therefore, changes in the arthropod
community could be attributed to the effects of
crop diversity, reduced insecticide inputs, or both
factors (e.g., Cárcamo and Spence 1994). Carefully
designed studies where both inputs and rotations
were manipulated have been conducted, with
mixed results. A few studies have demonstrated
that crop rotation can have a greater impact on
arthropod populations than changes in agricultural
inputs (Brust and King 1994; Melnychuk
et al. 2003).
Collectively, crop rotations determine the spa-

tial and temporal mosaic of host plant resources at
the landscape level (Ahern and Brewer 2002;
Bertrand et al. 2016). The response of arthropod
species to crop rotation depends on the interaction
between their ability to tolerate changes in local
habitat and their dispersal ability (Bertrand et al.
2016). Specialist arthropods with high host
fidelity and low dispersal abilities are most affec-
ted (Flint and Roberts 1988). On the Canadian
Prairies, the native cereal pest, wheat stem sawfly
fits these criteria, and rotation away from wheat
has been recommended and practiced for decades
(Beres et al. 2011). Also in western Canada,
Dosdall et al. (2012) compared canola (Brassica
napus Linnaeus; Brassicacaea) yields and root
maggot (Delia Robineau-Desvoidy; Diptera:
Anthomyiidae) damage in 12 three-year rotations
ranging from canola in only one year to canola in
all three years at five locations and found that
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continuous canola cropping increased root
maggot damage. Crop rotation has also effectively
managed populations of the western corn root-
worm (Diabrotica virgifera virgifera LeConte;
Coleoptera: Chrysomelidae) and the northern
corn rootworm (Diabrotica barberi Smith and
Lawrence; Coleoptera: Chrysomelidae) in the
United States of America (Spencer et al. 2014).
Crop rotations can affect specialist insects that

are able to migrate or disperse. For example, crop
rotation forces adult Colorado potato beetles
(Leptinotarsa decemlineata Say; Coleoptera:
Chrysomelidae) to disperse from their emergence
sites (near the potato (Solanum tuberosum
Linnaeus; Solanaceae) crop of the previous sea-
son) to suitable potato fields in the spring. In
general, as insect dispersal distance increases, the
chance of finding suitable hosts, insect survival
rate, and the amount of energy left for reproduc-
tion decreases. Therefore, the efficacy of dispersal
distance as a pest control tactic depends on the
size of the insect population. The minimum
effective distance between fields required to
reduce potato beetle populations was determined
to be 100m when beetle densities were
low (Boiteau et al. 2008) and more than 400m
when beetle densities were high (Sexson and
Wyman 2005).
Specialist pests can overcome crop rotation,

especially those capable of dispersing long dis-
tances, accurate host location, or of survival in the
absence of their preferred host plants (Bullock
1992; Capinera 2005). For example, populations
of the diamondback moth (Plutella xylostella
(Linnaeus); Lepidoptera: Plutellidae) passively
disperse into the Canadian Prairies on prevailing
wind currents from the United States of America
and can reach canola fields regardless of their
location or the rotation schedule (Dosdall et al.
2011). In addition, diamondback moths use
cruciferous weeds as alternative hosts, further
facilitating dispersal (Dosdall et al. 2011).
Similarly, grassy weeds or volunteer wheat
(Triticum aestivum Linnaeus; Poaceae) provide
“green bridges” for wheat curl mites (Aceria
tosichella Keifer; Acari: Eriophyidae), the vector
of wheat streak mosaic virus, for mite survival
between spring wheat and winter wheat crops
(Gillespie et al. 1997). Finally, in recent decades
the northern and western corn rootworms have
developed resistance to crop rotation through

increased dormancy and reduced host specificity
(reviewed by Spencer et al. 2014).
Compared with specialist herbivores, genera-

lists are less vulnerable to effects of crop rotation.
Wireworms (Coleoptera: Elateridae) are widespread
and often reach pest status in the Canadian Prairies
(van Herk and Vernon 2014). The subterranean lar-
vae of the 30 pest wireworm species in Canada can
survive for three to five years and can consume most
crops. Because wireworms are generalists, crop
rotation is not generally a viable control option.
Three examples of successful rotational control of
wireworm have been documented. Successful rota-
tions included a fallow year without potential host
plants, as observed in Washington, United States of
America (Esser et al. 2015); inclusion of biofumi-
gant crops such as brown mustard (Brassica juncea
(Linnaeus); Brassicaceae), as observed on Prince
Edward Island (Agriculture and Agri-Food Canada
2010); and the inclusion of less preferred host crops
such as tobacco (Nicotiana tabacum Linnaeus;
Solanaceae), as observed in North Carolina, United
States of America (Willis et al. 2010).
Beneficial arthropods can be affected by crop

rotation (Brust and King 1994). Research con-
ducted on the Canadian Prairies has shown that
relationships between carabid beetles and crop
rotation are complex. Cárcamo et al. (1995) found
that species richness, diversity, and evenness of
carabids near Edmonton, Alberta did not differ
between monocultures of barley (Hordeum
vulgare Linnaeus; Poaceae), faba bean (Vicia faba
Linnaeus; Fabaceae), an intercrop of barley with
pea (Pisum sativum Linnaeus; Fabaceae), or with
crop rotation. However, in a related mark-release-
recapture experiment, individuals of the adven-
tive, dominant, and mobile carabid Pterostichus
melanarius (Illiger) (Coleoptera: Carabidae)
entered the intercrop more often than the mono-
cultures, suggesting an effect of vegetation struc-
ture on habitat choice for this species (Cárcamo
and Spence 1994). At Vauxhall, Alberta,
Bourassa et al. (2008) found that carabid species
composition differed among small plots of wheat,
bean (Phaseolus vulgaris Linnaeus; Fabaceae),
and potato. Potato plots had lower carabid activity
density than wheat and bean plots, but the crops
did not differ in terms of diversity, and there
were species-specific responses to crop species
(Bourassa et al. 2008). However, other agricultural
practices and inputs varied between the crops in the
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rotation, confounding the results (Bourassa et al.
2008).
Few studies have examined the effects of

different crop rotation patterns on non-pest arthro-
pod communities. Osler et al. (2008) compared soil
mite communities over two years in sweet clover
(Melilotus officinalis (Linnaeus); Fabaceae) in
organic and low input systems with different rota-
tion diversity (two versus four crop species) near
Lethbridge. In one year, the organic systemwith the
four crop rotation supported greater mite abundance
and diversity; however, the impact of the rotation
diversity was small relative to annual variation in
abiotic conditions (Osler et al. 2008). Ellsbury et al.
(1998) compared carabid assemblages over two
years in plots of wheat, corn, soybean, and alfalfa
following four different rotations in South Dakota
and found carabid richness and diversity was
highest in the most diverse rotational treatment
(Ellsbury et al. 1998). Humble (2001) compared
carabid communities in southern Manitoba flax
(Linum usitatissimum Linnaeus; Linaceae) crops
following three different rotations of annual crops
rotated with forage crops and observed inconsistent
effects of rotation on the composition of carabid
communities. The diversity and evenness of carabid
communities in flax plots did not depend on the
crops in the previous rotation (Humble 2001).
Species-specific responses occurred where seed-
feeders such as Amara Bonelli and Harpalus
Latreille (Coleoptera: Carabidae) were associated
with rotation of annual crops and higher weed
densities (Humble 2001).
Evidence suggests that carabid beetles respond

more strongly to the current vegetation structure
than to previous crops planted on the same field.
For example, Melnychuk et al. (2003) compared
input levels and rotations (annual grain rotations
versus diversified grain-forage rotations) in
Saskatchewan. They observed that species diver-
sity was higher in annual grain rotations, possibly
because of the more open canopies in the
cereal crops compared to the broadleaf crops
(Melnychuk et al. 2003). In corn rotations near
Lethbridge, cornfields rotated with canola had high
activity densities (number of individuals captured
per pitfall trap per day of sampling) of larger-bodied
carabids such asAmara farctaLeConte (Coleoptera:
Carabidae), Amara littoralis Mannerheim
(Coleoptera: Carabidae), Pterostichus melanarius,
and Poecilus corvus (LeConte) (Coleoptera:

Carabidae) and low activity densities of smaller-
bodied carabids such as Bembidion Latreille
(Bourassa et al. 2010). The response of large-bodied
beetles was attributed to increased soil moisture,
increased habitat complexity for prey, and additional
food resources resulting from soil-surface canola
mulch residues (Bourassa et al. 2010). The same
residues likely impeded the movement of small-
bodied species between plots (Bourassa et al.
2010). We could find no examples of longitudinal
studies to compare carabid community composition
through multiple field seasons in the Canadian
Prairies. Work of this nature is needed to determine
longer-term trends.
Parasitoids and other non-pest arthropods must

overcome obstacles presented by crop rotation.
Ahern and Brewer (2002) found that two species
of specialist aphid parasitoids benefited from the
spatial configuration resulting from more diverse
crop rotations in Wyoming and Colorado, United
States of America. Recent studies suggest that
carabids and other mobile beneficial insects such
as parasitoids may be more affected by regional
landscape factors than by local field conditions
(Maisonhaute et al. 2010; Bertrand et al. 2016).
Crop rotation is an important pest management

tool that can have implications for arthropod
pests, and for beneficial arthropods that provide
important agroecosystem services. Understanding
the effects of crop rotation on arthropod biodi-
versity is challenging because of confounding
factors (Smith et al. 2008). However, more
information is required to address how crop rota-
tion impacts neutral arthropod species that inhabit
prairie grassland habitats and could help guide
conservation efforts.

Vegetation structure: cropping
practices and grazing

The crops that farmers produce, and the scale at
which they are produced, can impact arthropod
diversity (Andow 1983; Altieri et al. 1984).
Monocultures are associated with increasing fre-
quency and intensity of insect pest outbreaks,
because they provide highly apparent, attractive,
and nutritious food resources to pests, but not to
their natural enemies (Andow 1983). Mono-
cultures have fewer edges and other pathways that
predators and parasitoids use to colonise new

Vankosky et al. 723

© 2017 Her Majesty the Queen in Right of Canada

https://doi.org/10.4039/tce.2017.47 Published online by Cambridge University Press

https://doi.org/10.4039/tce.2017.47


habitats (Price 1976). Thus, richness and abun-
dance of natural enemy species decline in mono-
culture systems because alternative prey or hosts
are absent (Andow 1983). In Canada, most crops
(with a few notable exceptions) are grown in large
monocultures.
In the Canadian Prairies, different land man-

agement practices and cropping strategies affect
arthropods. Most examples come from studies
conducted on Carabidae and Formicidae. Some
carabid species are affected by different cropping
systems, including intercrops (Cárcamo and
Spence 1994; Broatch 2008; Hummel et al. 2012).
For example, Pterostichus melanarius activity
was greater in canola monocultures than in wheat/
canola intercrops (Hummel et al. 2012). Other
carabid and staphylinid beetles (Coleoptera: Sta-
phylinidae) that prey upon Delia species were
more active in wheat/canola intercrops (Hummel
et al. 2012). Broatch (2008) observed similar
impacts of intercropping on carabid diversity and
density. In comparison, the activity density of
carabid beetles in barley/pea and barley/canola
intercrops was equal to the activity density in
monocultures of those crops grown in Alberta
(Butts et al. 2003). Studies conducted in Europe
have demonstrated that undersown crops, or cover
crops, serve to increase carabid populations,
especially later in the growing season once the
cover crop is established (Hance 2002). Field
boundaries contribute to the diversity of vegeta-
tion in agroecosystems and provide habitat for a
greater diversity of arthropods compared with
crops (Olfert et al. 2005). Some pest species,
including grasshoppers (Orthoptera) benefit from
field boundary habitats, as well as many beneficial
arthropods (Olfert et al. 2005).
Depending on definition, grazing affects half of

the world’s terrestrial ecosystems (Schuman et al.
2002). Grazing is a common activity in the
Prairies Ecozone that has received some attention
from arthropod researchers. Stjernberg (2011)
compared carabid diversity in grazed and ungrazed
paddocks in a tallgrass reserve in southwest Mani-
toba. She reported that Pasimachus elongatus
LeConte (Coleoptera: Carabidae) and three other
large-bodied species were part of a complex asso-
ciated with grazed pastures. Stjernberg (2011)
concluded that these species benefited from the
higher habitat heterogeneity created by cattle in
grazed paddocks. French et al. (1998) reached a

similar conclusion for Pasimachus elongatus and
other carabids when they used mowing to mimic
grazing in a pasture reserve in central Oklahoma,
United States of America. In Stjernberg’s study
(2011), other carabids such asPoecilus lucublandus
(Say) (Coleoptera: Carabidae) that require densely
vegetated habitats had higher abundance in
ungrazed areas. She cautioned that such patterns
might vary with grazing intensity. In Alberta,
Clapperton et al. (2002) compared the diversity of
soil mite families in relation to grazing in the Fescue
Ecoregion near Stavely. They found a greater
diversity of mite families and greater abundance of
individual mite species in pastures that were lightly
grazed compared with heavily grazed pastures. A
few families were only found in the heavily grazed
pastures (Clapperton et al. 2002), demonstrating
that grazing can have significant effects on com-
munities even at the family level. Finally, a pre-
liminary report from the Kinsella Research Farm at
the University of Alberta, in the Prairies Ecozone,
reported a tentative trend of greater ant abundance
and lower carabid abundance in grazed than in
ungrazed pastures (Spence and Berg 1984). Spence
and Berg (1984) also reported a relationship
between carabid body size and grazing intensity.
Other workers have investigated the effects of

grazing on ant abundance (e.g., Heron 1996;
Schmidt et al. 2012). Heron (1996) concluded that
ants were resilient and even heavy grazing
increased abundance and diversity relative to
ungrazed grasslands in the Okanagan valley of
British Columbia. Both Heron (1996) and
Schmidt et al. (2012) used pitfall traps to study
ants, but neither reported the abundance or
diversity of carabids. Therefore, these works
cannot be leveraged to assess Spence and Berg’s
(1984) hypothesis that ants displace carabids
under certain grazing regimes.
In addition to altering habitat structure, ungu-

late grazers may directly compete with some
arthropod herbivores. For example, research con-
ducted in grasslands of the United States of
America found that populations of pest grass-
hoppers (e.g.,Melanoplus sanguinipes (Fabricus);
Orthoptera: Acrididae) were reduced in grazed
habitats compared with ungrazed habitats (O’Neill
et al. 2003). They attributed their results both to
altered habitat structure due to grazing, and to
competition between the ungulate grazers and the
grasshoppers.
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Overall, the effects of cropping practices and
grazing on arthropod diversity are species specific.
Further work to address these agricultural practices
would be interesting and could elucidate which
factors associated with grazing are the best pre-
dictors of arthropod diversity. Using a feeding guild
approach may be useful for designing experiments
that address specific questions about the impacts of
grazing and cropping on grassland arthropods.

Agricultural inputs and practices:
abiotic factors that affect arthropod

diversity

In prairie agroecosystems, insecticides are
available to combat pest outbreaks in all major
commodities (Brook and Cutts 2017). Foliar
insecticides are applied in response to insect pest
outbreaks that occur during the growing season,
when pest populations exceed recommended eco-
nomic thresholds (Stern et al. 1959). Systemic
insecticides (and fungicides) are applied as seed
treatments and function by protecting seedlings
from pests and diseases during stand establishment
(Ripper et al. 1949). Planting insecticide treated
seed does not prohibit subsequent use of foliar
insecticides. Systemic insecticides are considered
“environmentally soft”, as they only target pests
feeding on treated foliage (Ripper et al. 1949).
However, many systemic insecticides registered in
Canada are neonicotinoids (Brook and Cutts
2017), the most widely used insecticide chemistry
worldwide (Goulson 2013). Because of their
broad-spectrum range, widespread use, accumu-
lation, and persistence, neonicotinoid insecticides
used systemically may not be as environmentally
safe as once thought (Goulson 2013). Their safety
is under review in Europe and North America.
Herbicides and tillage are strategies used to

control weeds (and some insect pests) in agro-
ecosystems in the Prairies Ecozone. Conservation
tillage, which limits soil perturbation relative to
conventional tillage, is widely practiced across the
prairies to prevent soil erosion and to help main-
tain soil moisture (Holland 2004). Chemical
herbicides target certain plant growth processes,
such as amino acid synthesis (Brook and Cutts
2017). Herbicides may be applied in spring
(pre-emergence) and during the growing season
(post-emergence).

In the Canadian Prairies, ground beetles are one
of the best-studied taxa in terms of their response to
agricultural inputs. Baseline carabid data are avail-
able, especially in Manitoba, from the work con-
ducted by Norman Criddle (Holliday et al. 2014).
This historical record can be used in longitudinal
studies comparing past and present carabid assem-
blages. Different species and guilds of Carabidae
respond to agricultural inputs in disparate ways,
complicating experimentation, analysis, and synth-
esis. This information needs to be incorporated into
future studies assessing the impacts of agricultural
inputs so that appropriate guilds are selected for
evaluation. Four generalisations can be made based
on carabid research conducted in the Canadian
Prairies (and elsewhere):

1. Insecticide use generally decreases the activity
and density of carabids (Floate et al. 1989;
Bourassa et al. 2008). In a crop rotation study,
Bourassa et al. (2008) observed that the
activity density of carabid species, based on
pitfall trap data, was significantly less in the
insecticide treated potato crop relative to other
crops in the rotation that received no insecti-
cides. In a study of alfalfa fields managed for
hay production (no insecticide application)
and for seed production (with insecticide
application), Uddin (2005) noted that the
overall carabid assemblage did not differ
between the two management systems; how-
ever, some species were negatively affected by
the spring insecticide application, including
Poecilus corvus and Agonum cupreum Dejean
(Coleoptera: Carabidae). In a similar study in
Saskatchewan, high-input and organically
managed fields supported carabid assemblages
of equal diversity and abundance (Melnychuk
et al. 2003). Floate et al. (2007) observed no
negative or positive effects of corn engineered
to target Lepidoptera by expressing Bacillus
thuringiensis Berliner (Bacillales: Bacillaceae)
(Bt) endotoxins on ground beetles in southern
Alberta and concluded that Bt corn has limited
effects on non-target carabids. The impacts of
crops genetically engineered to express
Bt endotoxins on non-target species and
arthropod biodiversity have been well studied
since their introduction (e.g., Shelton et al.
2002; Floate et al. 2007). Compared to
traditional insecticides, Bt crops have
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negligible impacts on non-target insects and
offer a relatively benign option for insect pest
management (Shelton et al. 2002).

2. Tillage affects populations of carabids; how-
ever, the effects are species specific (Cárcamo
1995). In general, carabid abundance and
diversity is negatively correlated with tillage
intensity (Kromp 1999). In a study conducted
in fields managed with conventional and
conservation tillage in Alberta, Cárcamo
(1995) observed that species in the genera
Agonum Linnaeus and Amara (Coleoptera:
Carabidae) responded positively to tilled fields,
while Pterostichus Bonelli and Bembidion
(Coleoptera: Carabidae) species responded posi-
tively to reduced-tillage practices. Studies con-
ducted in Europe suggest that the natural history
of carabids is related to their response to tillage.
For example, carabid species that breed in
autumn were most abundant in fields ploughed
in the spring, and small-bodied species bene-
fitted from reduced tillage (Baguette and Hance
1997). From an integrated pest management
perspective, conservation tillage is useful as it
protects populations of beneficial insect species
from disturbance.

3. Herbicide application has indirect impacts on
carabid ground beetles in agroecosystems.
Herbicides are associated with reduced food
resources and/or habitat modification that
result from changes in vegetation density or
diversity (Richardson 1982; Bourassa et al.
2010). For example, Richardson (1982)
observed that all common species of Carabidae
observed at the Glenlea Research Farm at the
University of Manitoba were reduced in
herbicide treated plots that had significantly
less vegetation than control plots. Bourassa
et al. (2010) observed a similar effect of
vegetation density on carabid beetles in
Alberta, although in a rotation without herbicide
application. Specifically, small ground beetle
species such as Bembidion quadrimaculatum
(Linnaeus)were less common inweedy fields than
large species including Pterostichus melanarius
(Bourassa et al. 2010).

4. Chemical and organic fertilisers have species-
specific impacts on carabid beetle diversity
and abundance. Organic fertilisers such as
mulch and manure have been associated with
increasing beetle populations, perhaps due to

the addition of alternative prey (Humphreys
and Mowat 1994; Hance 2002). Studies
investigating inorganic fertilisers have
reported short-term reductions in abundance
followed by recovery, no negative impacts on
carabid abundance, and inconsistent results
between years, making conclusions difficult to
draw (Hance 2002). To our knowledge, studies
specific to Canada or the Prairies Ecozone are
lacking.

There is less information available regarding
the response of other arthropod taxa to agri-
cultural inputs in the prairies. Tillage has negative
effects on ant populations and distribution across
the landscape (Robertson et al. 1994; Yates and
Andrew 2011; Glasier and Acorn 2014). Insecti-
cides are associated with decreasing ant popula-
tions (Glasier and Acorn 2014). Insecticides that
inadvertently reach streams and rivers in the
prairies, or that are applied to control biting flies,
affect local diversity and abundance of immature
Odonata and Plecoptera (Dosdall and Lehmkuhl
1989). Effects of insecticides on the adult stages
of these orders are unknown. Decreasing polli-
nator populations are a concern worldwide;
however, bee (Hymenoptera: Apocrita) distribu-
tion, population density, and diversity have been
understudied in the Canadian Prairies (Sheffield
et al. 2014). Bee species are diverse in their
nesting and foraging habits (Sheffield et al. 2014),
and may be particularly sensitive to different til-
lage practices, herbicide use that affects vegeta-
tion diversity, and insecticides.
In the heavily fragmented Prairies Ecozone,

direct studies to quantify the impacts of agri-
cultural inputs on arthropod biodiversity are need-
ed, but are difficult to design, in part because
reliable baseline data are not available for all taxa
of interest. Other measures of agroecosystem
health that indirectly assess arthropod biodiversity
may be needed to assess agricultural impacts.
Two phenomena associated with insecticide use
could be used for this purpose: pest resurgence
and secondary pest outbreaks. Both are associated
with reduced populations of natural enemies
resulting from non-target insecticide exposure
(Croft 1990; Hardin et al.1995). These phenomena
could be used as indicators of insecticide-mediated
local diversity loss when location-specific historical
data are not available.
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Biological control arthropods as
biotic inputs

A periodic input to prairie agroecosystems is the
intentional introduction of foreign arthropods for the
control of arthropod pests and weeds; i.e., “classical
biological control”. Unlike abiotic inputs, biological
control (biocontrol) agents are expected to be self-
sustaining and interactive additions to agroecosys-
tems that exert long-term pest mitigation. As such,
their long-term existence and impacts, whether
positive or negative, contribute to the ecological
structure and function of the agroecosystems into
which they are introduced.
Although several biocontrol agents from a

range of taxonomic groups have been purposely
introduced to Canada, not all have become
established. This is especially the case for arthro-
pods used in the biocontrol of crop pests: only one
of 19 species of Hymenoptera parasitoids intro-
duced to target 12 exotic prairie pest species is
established (De Clerck-Floate and Cárcamo
2011). The successful species, Platygaster
tuberosula Kieffer (Hymenoptera: Platygaster-
idae), is a wasp released to control orange wheat
blossom midge (Sitodiplosis mosellana Gehin;
Diptera: Cecidomyiidae) (Doane et al. 2013).
Although established in Saskatchewan, this spe-
cies does not have a major impact on its target pest
(Doane et al. 2013). Biocontrol has been attemp-
ted against three crop pests native to the prairies:
wheat stem sawfly; bertha armyworm (Mamestra
configurata Walker; Lepidoptera: Noctuidae);
and Lygus Hahn (Hemiptera: Miridae). These
attempts used introduced parasitoids of closely
related (taxonomically and ecologically) foreign
arthropods (i.e., “neoclassical biocontrol”)
(De Clerck-Floate and Cárcamo 2011). None of
the three Hymenoptera parasitoids purposely
introduced in these neoclassical biocontrol pro-
grammes have become established in the
Canadian Prairies (De Clerck-Floate and Cárcamo
2011).
Some adventive species that were not purpose-

fully introduced to the Canadian Prairies have
reduced populations of some arthropod pests
and have had an impact on arthropod commu-
nities. For example, Tetrastichus julis Walker
(Hymenoptera: Eulophidae) was released in the
Creston Valley of British Columbia in 2002
(Phillip 2007), and was reported in southern

Alberta in 2007 (Cárcamo et al. 2007). It appears to
have kept the cereal leaf beetle (Oulema melanopus
(Linnaeus); Coleoptera: Chrysomelidae) below
damaging levels as observed in other parts of North
America (Roberts 2016). Macroglenes penetrans
(Kirby) (Hymenoptera: Pteromalidae) is another
foreign parasitoid that was not deliberately released,
but is now widely distributed throughout the prai-
ries and reduces populations of wheat midge
(Doane et al. 2013). Two species of foreign lady-
bird beetles, Coccinella septempunctata Linnaeus
and Harmonia axyridis (Pallas) (Coleoptera:
Coccinellidae) that were released in the United
States of America for aphid (Hemiptera: Aphididae)
control have moved into the prairies. Coccinella
septempunctata is now the dominant coccinellid
and it has been linked with displacement of native
ladybird beetle species in Manitoba (Turnock et al.
2003; Acorn 2007). Harmonia axyridis is a more
recent invader now present in Manitoba (Wise et al.
2002), where it is expected to have an impact on
native assemblages of coccinellids (Koch and
Galvan 2008).
In comparison to biocontrol efforts targeting

pest arthropods, classical biocontrol programmes
for weeds have been relatively successful.
Approximately 72% (58 of 81 species) of the
herbivorous arthropods introduced to control
29 invasive plant species from 1951 to the end of
2014 are considered established, many on weeds in
the prairies (updated from De Clerck-Floate and
Cárcamo 2011; Mason and Gillespie 2013;
Winston et al. 2014). Of the 58 established species,
the majority are Coleoptera (32 species; ~ 55%),
Lepidoptera (11 species; ~ 20%), and Diptera (11
species; ~ 20%). Some of the 32 established beetle
biocontrol agents, especially in the families Curcu-
lionidae and Chrysomelidae, occur in significant
enough abundance to have caught the attention of
taxonomists documenting Coleopteran diversity in
Canada and Alaska (Bousquet et al. 2013).
Arthropods introduced for weed control are

chosen for their host specificity, and typically
demonstrate high host fidelity once released
(Suckling and Sforza 2014). Therefore, their
abundance and distribution follows that of their
host. This is apparent for several recent successes
in classical weed biocontrol in western Canada
(De Clerck-Floate and Cárcamo 2011), including
the root weevil (Mogulones crucifer (Pallas)
(Coleoptera: Curculionidae) on houndstongue

Vankosky et al. 727

© 2017 Her Majesty the Queen in Right of Canada

https://doi.org/10.4039/tce.2017.47 Published online by Cambridge University Press

https://doi.org/10.4039/tce.2017.47


(Cynoglossum officinale Linnaeus; Boraginaceae)
in southern rangelands of British Columbia and
Alberta (De Clerck-Floate and Wikeem 2009). In
this, and other successes, the biocontrol agents
involved were highly mobile within hetero-
geneous landscapes. For example, M. crucifer
easily traversed its complex forested-grassland
landscape in southeastern British Columbia to
find isolated patches of its host (De Clerck-Floate
et al. 2005). They also behaved as ideal classical
biocontrol agents by reaching outbreak popula-
tion densities to reduce target weed densities.
Arthropod communities in the prairies are often

hybrids in structure, composed of both remnant
native grassland species and introduced species of
different trophic levels. For example, the cabbage
seedpod weevil (Ceutorhynchus obstrictus
Marsham; Coleoptera: Curculionidae) is a domi-
nant exotic herbivore pest of canola in southern
areas of Alberta and Saskatchewan, where its nat-
ural enemies are now a mixture of native and
adventive species (Dosdall et al. 2009; Cárcamo
and Brandt 2017). Likewise for weed biocontrol,
which is typically implemented in native grasslands
invaded by extensive, near-monoculture patches of
target weeds, the arthropod communities are gen-
erally simplified, weed-based assemblages of native
and adventive species. In addition to deliberately
introduced biocontrol agents, native and/or unin-
tentionally introduced insects also may join the
weed-associated arthropod community as herbi-
vores (e.g., on Canada thistle, Cirsium arvense
(Linnaeus) Scopoli (Asteraceae); De Clerck-Floate
and Cárcamo 2011), pollinators (on Canada thistle;
Theis 2006), or as parasitoids and predators that
may use the introduced herbivores as hosts or as
prey (see Winston et al. 2014). The simplicity of
these arthropod communities is due, at least in part,
to the invasive plant having escaped its arthropod
natural enemies and associated ecological ties upon
invading new ranges (i.e., the “enemy escape
hypothesis”; Keane and Crawley 2002). Classical
biocontrol reunites the invasive plant with a selec-
tive, and typically small subset of its arthropod
herbivores from its native range (De Clerck-Floate
and Cárcamo 2011), with care taken to minimise
accidental introduction of natural enemies of the
non-native biocontrol agent (Mason et al. 2017).
Although not well studied, the interspecific

interactions among arthropods that structure the
simple arthropod communities that include

biocontrol agents can be either direct or indirect.
Interspecific competition may occur between
introduced herbivore biocontrol agents on the
same weed species, directly affecting biocontrol
success. The seed-feeding species Larinus
minutus Gyllenhal (Coleoptera: Curculionidae)
and Urophora affinus (Frauenfeld) (Diptera:
Tephritidae), for instance, compete with each
other on spotted knapweed in British Columbia
(Crowe and Bourchier 2006). Arthropod natural
enemies introduced for biocontrol of crop pests
may also attack biocontrol agents of weeds if they
are closely related to the target crop pest. This
possibility has prompted development of a pre-
release testing strategy for candidate entomopha-
gous agents to avoid potential conflicts between
biocontrol efforts for weeds and insects (Kuhlmann
et al. 2006). For example, weevils in the subfamily
Ceutorhynchinae have been introduced to control
weeds in the Canadian Prairies, thus, biocontrol
agents of the cabbage seedpod weevil are being
carefully selected and tested before relocation from
eastern Canada to the Prairie Provinces (Haye et al.
2015).
Indirect interactions of introduced arthropods

for biocontrol with native members of the arthro-
pod community are very difficult to identify,
assess, and predict, and have not received
much attention in Canada. The possibility of host
specific biocontrol agents creating deleterious
collateral impacts within native arthropod com-
munities has been documented elsewhere (e.g.,
United States of America; Pearson and Callaway
2003, 2005; and Australia; Carvalheiro et al.
2008). Host specific weed biocontrol agents can
indirectly compete with native arthropod herbi-
vores on their nearby host plants if the two her-
bivores share natural enemies (i.e., apparent
competition; Holt 1977) (Carvalheiro et al. 2008).
Apparent competition occurs if generalist natural
enemies respond numerically to the food surplus
created when populations of biocontrol agents
increase (Pearson and Callaway 2003). The
indirect negative impact on native herbivores by
biocontrol agents is predicted to increase where
the abundance of the biocontrol agent remains
elevated. This can happen for some agents that are
ineffective in reducing the density of their host in
a typical predator-prey population interaction
(Pearson and Callaway 2005). Although several
weed biocontrol agents established in the
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Canadian Prairies fall into the category of high
abundance-low efficacy (Winston et al. 2014),
detailed community-level studies of their effects
are lacking. Similarly, little is known about the
potential indirect impacts of weed biocontrol
agents on native arthropods that feed on native
plants closely related to the targeted foreign weed,
in cases where biocontrol agents may also feed on
native plant species (Louda et al. 2005).
In conclusion, arthropods introduced for

biocontrol of insect pests or weeds can directly
or indirectly influence communities of native
arthropods in the Prairies Ecozone, but very little
is known about the incidence and degree of such
processes. Foreign arthropods can displace
native species through competition or predation
(e.g., adventive ladybird beetles). The effects of
parasitoid wasps and other introduced natural ene-
mies on arthropod communities remain to be
quantified. In the case of weed biocontrol, fewer
negative impacts are predicted because these agents
tend to be host specific, and the target plant is a
foreign species with a few native herbivores.
Although careful examination of host ranges and
potential impacts on non-target species before a
release are standard practices of biocontrol pro-
grammes in Canada (Mason et al. 2017), greater
awareness and knowledge of potential indirect
impacts on native arthropod populations by intro-
duced biocontrol arthropod agents is recommended.

Conclusion

Arthropod communities in the Canadian
Prairies inhabit highly fragmented pristine grass-
lands and habitats disturbed by agroecosystems.
These arthropods are influenced by landscape
features, agricultural practices, and by abiotic and
biotic inputs. Very few comprehensive ecological
studies of arthropod communities have been
conducted in the Prairies Ecozone. Even less work
has been done to compare arthropod communities
in pristine grassland habitats and disturbed
agroecosystem habitats.
In contrast to native grasslands, agroecosys-

tems are more temporally and spatially variable.
Concepts from landscape ecology predict that
arthropod diversity should increase with increas-
ing non-crop area and with increasing habitat
complexity. These concepts have been tested in
Europe and the United States of America (e.g.,

Bianchi et al. 2005; Duflot et al. 2015), but
equivalent work has yet to be completed and
published for the Prairies Ecozone. Studies
conducted at the landscape scale could reveal
important factors affecting arthropod populations,
and provide information required to develop
arthropod and habitat conservation programmes.
Crop rotation is used to manage agricultural

pests and affects the temporal and spatial
composition of habitats used by arthropods. Crop
rotation creates barriers to arthropod dispersal that
are effective in managing pest arthropod popula-
tions (especially specialists), but also affect native
and non-pest arthropods. The impacts of crop
rotation on non-target arthropods vary depending
on mobility, body size, and habitat requirements
(e.g., Cárcamo and Spence 1994; Bourassa et al.
2010). Future work to understand the impacts of
crop rotation on arthropods should use careful
experimental designs to better control for con-
founding variables (i.e., agricultural inputs
required for specific crops within the rotation),
and should span over longer periods of time to
fully assess not only the current crop in the rota-
tion, but the changes in arthropod communities
from year-to-year during the rotation.
Cattle grazing appears to influence arthropod

communities in a predictable manner. Despite
only a few studies, there is a consistent pattern for
a range of fauna including ants, carabid beetles,
and mites. Modest levels of grazing increase the
abundance, and in some cases, the species
diversity of arthropods relative to ungrazed sites.
This pattern corresponds well with the inter-
mediate disturbance concept that is known to
structure communities in other habitats. These
studies confirm that grazing, at least at moderate
levels, and similar to that done by bison in the
past, may be considered an integral aspect of the
Prairies Ecozone.
Abiotic agricultural inputs generally have

negative impacts on arthropod abundance and
diversity. Carabid beetles are the best-studied
non-pest arthropod group, although data regard-
ing ants and aquatic species are available.
Balancing the use of abiotic inputs to protect
crops and minimising non-target effects will be
key to maintain the ecosystem services that
arthropods provide (Pimentel 2009). As new pest
management inputs are developed and application
programmes evolve, assigning a dollar value to
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ecosystem services provided by arthropods could
allow farmers to simultaneously balance the costs
and benefits of agricultural inputs.
Biocontrol represents a biotic input in agroeco-

systems. Biocontrol programmes for weeds and
insect pests have been undertaken in the Canadian
Prairies, with varying levels of success. Certain
biocontrol agents released elsewhere have made
their way to the prairies and have had negative
impacts on native arthropod communities, by dis-
placing native species (e.g., ladybird beetles; Acorn
2007). Arthropods introduced for biocontrol of
agroecosystem pests are predicted to have both
direct and indirect impacts, via competitive inter-
actions, on native arthropods. Aside from a few
examples, very little work has been done to assess
these impacts, although precautions are taken dur-
ing the introduction process to evaluate and mini-
mise risks (Mason et al. 2017).
To protect arthropod diversity in the Canadian

Prairies, and ensure agricultural sustainability, we
need to learn as much as possible about our prairie
agroecosystems. Our review summarises the cur-
rent state of knowledge and highlights several
important research gaps. In moving towards fill-
ing those gaps, it is important to learn from pre-
vious research conducted in the prairies to further
refine experimental designs and arthropod sampling
methods. Where appropriate, methodology success-
fully used elsewhere (i.e., Europe, United States of
America), should be adopted. Research needs to be
conducted across multiple scales. Research should
also focus on important indicator species, or on
arthropod response to agricultural practices at the
guild level, to aid in the synthesis of research results
and guide future understanding.
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