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ABSTRACT

Anticoagulant rodenticides (ARs) are used worldwide to suppress
rodent populations. Owing to the highly toxic and persistent
properties of ARs, farmland predators are increasingly being
documented with residues in their systems. Our objective was to
evaluate the usage of ARs in Delta, the main region where raptor
carcasses have been collected for AR residue testing in British
Columbia. We found that farmers most frequently engaged in rodent
control (95%). Hobby farmers and residential owners only engaged
in rodent control if rodents had been seen or had damaged their
property. Products containing brodifacoum were most frequently
applied (32%), which was also the most commonly found AR in raptors
sampled in the region. Unintended misuse (17%) stemmed from a
lack of understanding about the differences in toxicity of products.
Our survey demonstrates the need for more information for landowners regarding correct AR application and safe disposal of poisoned
rodents.
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Introduction
Rodents are pests notorious for damaging crops and stored grains, in particular in developing countries, but also industrialized countries with significant agricultural exports [1–4].
In the US alone, rodents are responsible for an estimated $19 billion in economic damages
annually through the consumption and contamination of stored grains [5].
The primary method for controlling rat infestations worldwide, including within the
agricultural sector, is through the use of anticoagulant rodenticides (ARs) [4,6–8]. The
first generation anticoagulant rodenticides (FGARs: warfarin, diphacinone, and chlorophacinone) were introduced commercially in the 1940s, and their widespread use has led
to genetic resistance in some rodent populations [9–11]. Introduced in the 1970s, second
generation anticoagulant rodenticides (SGARs: brodifacoum, bromadiolone and difethialone) are considerably more toxic, persistent and bioaccumulative compared to FGARs,
and capable of killing target rodents after a single feeding [12,13]. Currently, SGARs are
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the most widely used compounds, especially by professional rodent control operators and
farmers [6,14].
The toxic nature and widespread use of SGARs has ramifications beyond controlling
rodents. For example, the exposure to and poisoning of non-target wildlife, particularly the
secondary poisoning of raptors is increasingly being documented worldwide [12,15–23].
Concern about non-target exposure has recently led to a ban on certain SGAR products
in the United States [24].
Beyond ecological impacts, human perception and attitude towards rodents has a role in
the output of ARs into the environment through our rodent control behaviour. In California,
half of residents along the urban-rural gradient reported animal control on their property [25]. Anticoagulants were the most commonly used chemical product [25], and few
respondents (10%) were aware of possible non-target effects [26]. Awareness of non-target
impacts of rodenticides has also been reportedly low among pest control operators [27],
yet this group considers themselves trained in the use of AR products [28]. Farmers in
Britain, however, were aware of non-target risks, but did not always comply fully with best
practice recommendations [29]. In Scotland, SGARs were reported as the most widely
used chemical applications in agricultural landscapes [30]. There is generally only limited
knowledge of the linkage between the use of rodenticides, land use types and exposure in
non-target prey and predators.
Background
The farmland in southwestern British Columbia, Canada was traditionally used for pasture
and hay production. During the past 50 years, significant amounts of farmland have been
converted to greenhouse vegetable production, including berries [31,32]. Berry fields require
more intensive rodent control than grass fields, as field voles chew plant roots, damaging
and in some instances killing the plant. Although considered a pest by farmers, the field
vole is also a key prey items for many local predators [33,34], including barn owls (Tyto
alba) [35], danger to which was recently recommended to be raised to the class ‘threatened’
in Western Canada [36].
Raptor mortality in agricultural and urban settings has been linked to SGAR poisoning
[20]. In southwestern British Columbia, analysis of raptor liver samples has shown consistently high exposures for one or more ARs. For instance, 70% of owl carcasses collected
between 1988 and 2003 tested positive for SGARs, with brodifacoum and bromadiolone
being the most prevalent toxins present [20]. More recently, residue data collected between
2006 and 2011 from deceased raptors showed that the exposure rate in all owls had increased
to an average of 96% (n = 111; Elliott et al. unpublished data). From the same 2006–2011
data, typical bird-eating raptors, such as Cooper’s hawks (Accipiter cooperii), merlins (Falco
columbarius), and peregrine falcons (Falco peregrinus) also tested positive for SGARs, albeit
at lower frequencies.
In British Columbia (and Canada generally) there is no rodenticide usage monitoring
program for farms; therefore, farmers and landowners have no data on AR usage. But since
2008, vegetable farmers and greenhouse facilities have been legally obliged to maintain
rodent control programs to comply with legal food safety standards [37]. Consequently,
greenhouses and barns processing vegetables are often permanently baited with the SGAR
bromadiolone along the outdoor perimeter. Records of rodenticide sales to professional
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applicators from 1991 to 2009 showed that products with bromadiolone or brodifacoum
as active ingredients were the most commonly sold rodenticides, and the sales of these
products increased 100% and 24%, respectively, over that same period [38] .
To reduce the exposure and poisoning of non-target wildlife as well as harm to human
beings and pets from rodenticide use, the Canadian Federal Pest Management and
Regulatory Agency (PMRA) introduced new regulations regarding the application of ARs
in 2013 [39]. The new regulations restrict SGAR sale and use to farmers and professional
pest control operators [39]. For outdoor use, farmers and pest control operators are now
limited to FGARs and only one SGAR, bromadiolone, all required to be placed in bait stations which are tamper-resistant. The two other SGARS, (brodifacoum and difethialone)
can only be used indoors in tamper- resistant bait stations because of their highly toxic
and persistent properties [40]. In addition, household use of FGARs is restricted to limited
quantities packaged in secure tamper-resistant bait stations [39]. Public use of ARs under
old regulations expired in December 2016 following a phase-out period, whereby retailers
could sell their existing stock of ARs to the public under the previous regulations (PMRA
personal communication, Irene Wilkin). It is not known to what extent such products have
been used, particularly in agricultural settings. Data used for this analysis were collected
during the same year the new regulations were enacted.
Because of the relation between non-target impact of ARs on wildlife and human use of
ARs, our objectives were to: (1) assess the usage of ARs by farmers, horse-stable operators
and residential property owners in a location where raptor carcasses were collected for AR
testing; (2) evaluate the level of knowledge residents had about AR application, and (3)
measure the awareness surrounding AR usage and impacts on pets and wildlife. These data
will add to our knowledge about the use of ARs to control rodents, and the prevalence of
misuse in their application; and accordingly will help guide measures for reducing the risk
of non-target exposure.

Methods
Study area
We conducted our survey in Delta, British Columbia, a municipality that has been one of the
main areas where raptors have been tested routinely for ARs since the early 2000s [20,41].
Delta lies at the mouth of the Fraser River and consists predominantly of low lying floodplains, with some forested areas further inland (Figure 1; 184 km²). In the 1850s, European
immigrants settled in the area and claimed land for farming by diking the foreshore [42].
Delta is also recognized as an important bird area, as it includes some of the main stopover sites for birds migrating on the Pacific flyway [43]. Further, important wildlife areas
such as the Alaksen National Wildlife Area, Burns Bog and Boundary Bay provide vital
year round habitat for resident raptors and overwintering birds. Yet low lying productive
shoreline habitats often face strong developmental pressures [44], and Delta is no exception.
Infrastructure and housing projects continue to encroach and fragment the land, making
it less viable for farming. Development pressure and speculation have also increased the
cost of land and triggered a shift from traditional grassland-associated agriculture to more
intensive cash crops such as greenhouse and berry production, which result in removal of
grass vegetation and therefore decreased habitat for raptors [32].
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Figure 1. Outline of the survey area in Delta, British Columbia, Canada. Surveys were conducted by
interviewing farmers, managers of horse-stables/hobby farms and owners and tenants of residential
properties on agricultural land.

Survey design
In the spring of 2013, we collected information about rodenticide usage in Delta using a two
part survey. Part one contained questions concerning animal and rodent control, including
animals and rodents targeted for control, products used to control the animals and rodents,
frequency of control, and application methods and preventive measures considered before
use of ARs. We also asked residents where they acquire information on pest control, and
whether they were aware of the new AR regulations implemented as of January 2013 [45].
Part two of the survey was aimed at collecting data on attitudes toward AR usage and
knowledge about the potential for primary and secondary poisoning of non-target wildlife
(see Appendix 1 for full survey).
The survey targeted farmers, horse-stable operators and residential acreage properties
on agricultural land. The survey was conducted using door-to-door canvasing in Delta,
interviewing property owners and tenants. To encourage honest and accurate answers, the
survey data were collected anonymously, and all survey subjects were made aware of this
before the interview.
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Figure 2. Percentage breakdown of the different active ingredients found in the rodent control products
used by the different user groups, n = 100 respondents.
Notes: First Generation Anticoagulants: Warfarin and Diphacinone. Second Generation Anticoagulant Rodenticides:
Difethialone, Bromadiolone and Brodifacoum.

Statistical analyses
We conducted a multiple correspondence analysis (MCA) to detect patterns in the behaviour
of respondents who used ARs, and whether there was any relationship between the ARs
used, the frequency of application and the likelihood of finding dead rodents. An MCA is
the categorical equivalent of a principal component analysis (PCA) in that it detects patterns
of relationship between multiple categorical variables. The variables included in the model
were: type of household (farmer, stable/hobby-farm, residential acreage), type of AR used
(first or second-generation), frequency of use (twice a week to once a year), location used
(indoor and/or outdoor), and the detection of dead rodents inside or outside (yes or no). All
statistical analyses were conducted using SPSS 22 (IBM SPSS, IBM Inc., Armonk, New York).

Results
A total of 100 subjects were interviewed: 37 farmers, 31 horse-stables/hobby farms, and
32 owners of residential properties. In total, 72% of the respondents had used some form
of rodent control during the previous two years. Amongst subjects who controlled for
rodents, 82% used rodenticides (Figure 2). Other forms of rodent control used in addition
to rodenticides or exclusively were: snap traps (51%), live-traps (21%), shooting (6%), and
glue boards (3%). Additionally, one farmer used a water-bucket and one stable manager
used an ultrasonic device that emits high frequency sound waves to discourage mice and
rats from settling in a building. The rodents most commonly controlled for were rats (64%)
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Table 1. Percentage breakdown of the respondents’ sources of information on rodent control; 25 respondents obtained information from more than one source, and 31 said they had not sought any information about rodent control (n = 100).
Information source
Farm supplier
Friends and/or family
Pest control operator
Other farmers
Own internet search
Trade magazine
Product label
Farmer organizations

N
31
26
15
14
7
5
5
4

%
29*
24
14
13
7
5
5
4

*

The percentages add to more than 100% because respondents were allowed to select more than one response.

Figure 3. Survey response to question 20: ‘How concerned are you that chemical rodent control products
may be affecting wildlife in your area?’, n = 100 respondents.

and mice (46%). Farm suppliers, family and friends were the most important sources for
advice on rodent control (Table 1).
The majority of subjects engaged in preventive measures in conjunction with rodent
control to reduce rodent populations. All three user-groups expressed an awareness and
concern for accidental poisoning of non-target species (Figure 3). But unintended misuse
was not uncommon and 17% of the respondents were unintentionally misapplying SGAR
products. The misuse happened when subjects used SGAR products that are only allowed
for inside application outdoors or they did not use bait stations when applying SGARs
indoors. Finally, 17% of the subjects were aware that there were new regulations regarding
SGAR usage and AR packaging as of January 2013.
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Farmers
Farmers were the most likely survey group to engage in rodent control (95%), and of those
controlling for rodents (predominantly rats and mice), 94% did so via the application of
ARs. The two main reasons for conducting rodent control amongst farmers were to prevent
property damage on their own property (46%), and preventive rodent control as required
by food safety laws (37%).
Owing to the intensity and reporting requirements for the fruit and vegetable producers
certified pest control program [37], 26% of the farmers hired a professional pest control
operator to run the program. In those cases, the rodent control operator would visit the farm
on a bi-weekly basis to check all the bait stations, remove dead rodents from snap traps and
replace bait in bait stations. The food safety certification program does not permit the use
of ARs inside facilities where fruits and vegetables are stored and processed. All farmers
were in compliance with this regulation, such that only snap traps, and in some instances
live traps were used inside structures. For the outdoor perimeter of buildings, ARs are
allowed to be used, and we found that all structures where vegetables were either grown
or stored were all baited with bromadiolone approximately every 10–20 m along building
perimeters. In some instances, the companies buying the produce from the farmer would
require additional rodent control measures and separate audits.
Among all farmers surveyed, the most commonly used AR was brodifacoum (46%)
followed by bromadiolone (27%) and warfarin (21%, Figure 2). These products were used
mostly along the walls and by the entrances of buildings (64%). Forty-five percentage of
farmers had found dead rats outdoors on their farm property. Interestingly, three farmers
that did their own baiting noted that most of the bait went uneaten, and they replaced it
after two to three months to prevent mould growing on the bait.
Farmers were aware of the precautionary measures needed to reduce rodent populations
on their property, such as safe storage and removal of open food sources for pests, blocking possible access to the inside of structures, keeping grass short, and minimizing litter
on the property. In most cases farmers maintained these preventive measures, but we did
observe two farms where there was room for improvement in respect to reducing litter on
the property and safe storage of food sources.
The survey documented some unintended misuse of rodent control products, mainly
among berry growers. Farmers are only permitted to control for field voles with AR products containing the FGARs: diphacinone and chlorophacinone [45]. Of the nine berry
farmers surveyed, three did not use any ARs, two were uncertain as to what product had
been applied, and three were using products containing brodifacoum, which has never
been registered for outdoor control of field voles in Canada, and has since 2006 only been
permitted for usage inside structures because of its highly toxic and persistent properties
[40,46]. One farmer applied a product containing difethialone, which is very similar in
structure to brodifacoum and therefore only allowed for indoor use in tamper-resistant
bait stations as of January 2013 [45], and it has never been registered for field vole control.
Overall, the most common failure to comply with AR regulations by farmers was the application of products containing brodifacoum or difethialone outdoors along the perimeter
of buildings or in agricultural fields (30% of farmers).
Farm suppliers were the main information source on how to control for rodents (49%),
and most farmers (91%) felt there was enough information available for effective on-farm
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rodent control. One berry farmer suggested additional information on field vole control
would be useful. Another farmer thought it would be beneficial if results on the effectiveness of products and new regulations on products were made more readily available to
agricultural landowners. Except for one farmer, all were aware that ARs may negatively
affect wildlife, and 51.4% percent were very concerned about harming non-target wildlife,
including pets (Figure 3).
Horse-stables, hobby farms and residential acreage properties
Survey results showed that horse-stables and hobby farms were less inclined to control
for rodents than farmers (55%).The concern that pets and/or wildlife might be negatively
affected was the main reason given for not using any form of rodent control on the property. Sixty-five percent (65%) of the respondents were very concerned that ARs might be
harming wildlife in the area. Tangentially, 16% of the respondents found cats to be effective
at controlling rats and mice.
Nonetheless, the majority of rodent control was done using ARs (88%). Of those surveyed
that did use ARs, warfarin was most commonly used (53%), followed by bromadiolone
(27%) and brodifacoum (20%; Figure 2). Horse-stables and hobby farms applied AR less
frequently than farmers, and in all cases ARs were applied after rodents had been observed,
or damage to structures or stored grain had been documented. ARs were also applied less
frequently with 80% applying < 4 times a year. Two respondents had found dead rats outdoors on their property after AR application.
AR application was mostly inside barns and stables (93%), and only 27% replied that it
had been used outside along the wall of a structure or a fence line. Unintended misuse of
ARs at horse-stables and hobby farms was less prevalent, but two residents did not use bait
stations when applying brodifacoum and bromadiolone inside structures in locations where
the SGARs would also be accessible to children and non-target animals.
Farm suppliers were the most important source for information on how to control for
rodents (47%), and most respondents were practising preventive measures against rats.
Several residents thought it would be useful to have more information on how to reduce
the risk of exposing wildlife to ARs. This need for reliable advice seems to be common to
all users.
Residential
Owners and tenants on residential properties which actively controlled for rodents were
found to be the least inclined to use ARs (55%), and in most instances they were applied
only once or twice a year (91%). Rodent control was triggered by the presence of rodents
and/or noticeable property damage caused by rodents. Products containing brodifacoum
(46%) or warfarin (36%) were the most commonly used (Figure 2). Three subjects had
found dead rats outdoors on their property after AR application.
Misuse among residents was also recorded. Two respondents were using brodifacoum
outdoors and one respondent was applying brodifacoum inside but without a secure bait
station (36%). Friends and/or family was the most important source of information on how
to control for rodents for this survey group (65%), and the majority of residents (59%) were
concerned that ARs may affect wildlife in their area (Figure 3).
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MCA analysis
A total of 59 respondent used ARs, and these were included in the MCA analysis. On account
of the small sample size, inferences from the MCA analysis are somewhat limited, but the
results suggest that patterns in user behaviour were best explained by two dimensions in
the MCA (Figure 4(a)). The first dimension included the variables ‘type of household’
(farmer, stable/hobby-farm, residential acreage), and ‘location used’ (inside bait application
or outside bait application). The second dimension included the variable ‘discovery of dead
rodents’ (dead rats found outdoors, dead rats found inside).
The joint category plot (Figure 4(b)) identified which categories were associated with
each other (close together in the plot), and proximity to the origin was positively related to
the number of respondents giving that response. The first dimension indicated that FGARs
were mainly used by horse-stables and hobby farms; they were used less frequently, and were
mostly applied inside structures. Horse-stables, hobby farms, and residential respondents
also found fewer dead rats compared to farmers. Farmers tended to use SGARs more often,
applying them outdoors along the perimeter of structures. The second dimension showed
that residential owners were least likely to know the active ingredient in the AR product
they were applying.

Discussion
Many species inhabiting an intensive agricultural landscape can have unintended exposures
to chemicals such as herbicides, pesticides and rodenticides [47–49]. In southwestern BC,
AR residues have been detected in all tested raptor species inhabiting the agricultural landscape [20,41]. Better knowledge of the reasons why and how users choose ARs to control
rodents can help with understanding the exposure patterns that have been observed in
these raptors. Of the three AR user groups, our study showed that farmers most frequently
engaged in rodent control, and most commonly used the SGARs brodifacoum and bromadiolone to suppress rodents. The conspicuous usage of SGARs was partly driven by the
CanadaGAP [37] audited food safety program which requires vegetable farmers to have an
audited permanent rodent control program in place. Consequently, all non-organic farmers
defaulted to using products containing the SGAR bromadiolone, which was placed in bait
stations along the outdoor perimeter of structures used to store and process vegetables.
The bait stations were permanent and baited, regardless of whether there was any rodent
activity on the farm.
Compared to farmers, hobby farmers and residential owners were less inclined to use
ARs, and they only engaged in rodent control if rodents had damaged property or been seen
on the premises. For all user groups, products containing brodifacoum were most commonly
applied (32%), and those with bromadiolone (21%), were the third most commonly used.
These results are consistent with residue data from the region, as these two compounds
were also the most frequently found in the liver tissues of raptors [20,41]. The persistence
of these active ingredients and their long half-life in the body compared to other ARs would
also influence the likelihood of the sampled raptors testing positive for them [40].
All respondents, except for one farmer and one horse-owner were aware that chemicals used for rodent control are affecting wildlife in the area. This shows more awareness
than has been found elsewhere [26]. Yet, consistent with other findings [28], unintentional
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Figure 4. (a) Discrimination measure plot including the percentage of variance explained by the two
dimensions in the MCA: dimension 1: 42%, dimension 2: 23%. Variables: Household_Type: farmer, stable/
hobby-farm, residential acreage, Dead_Rats_Inside/Dead_Rats_Outside: dead rats found inside or outside,
Freq_usage: How often was ARs applied, Type_AR: What was the active ingredient in the AR product
applied, Applied_Inside/Applied_Outside: was the AR applied inside structures or outside structure. (b)
joint category plot for a multiple correspondence analysis (MCA) examining the relationship between
behavioural traits of AR users and likelihood of finding dead rats on property. The plot identifies which
categories are associated with each other (close together in the plot) and proximity to the origin is
positively related to the number of respondents giving that response.
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misuse was documented among all user groups. This seemed to stem from a general lack
of understanding about the differences in toxicity of AR products, and that toxicity should
determine where a product can be applied. Finally, low awareness of the new AR regulations was not surprising as the new regulations had only been in effect for three months
when the survey was conducted, during the phase-out period for retailers and households.
Farmers are exempted from the new regulations which restrict the application and usage
of SGARs, and along with professional pest controllers, are allowed to purchase and apply
SGARs according to the labelled application instructions [39]. But our survey revealed that
about one-third of farmers did not possess knowledge regarding proper product application,
nor could they differentiate between FGARs and SGARs. Consequently farmers were using
SGARs such as brodifacoum and difethialone outdoors along the perimeter of buildings and
in berry fields, or were not applying the AR products in a securely fastened tamper-resistant
bait station. The majority of farmers were very concerned about the adverse effects of ARs on
wildlife, indicating that the misuse of products was not intentional. This illustrates the challenge of ensuring that knowledge of the toxicity and persistence of AR products, and their
correct application techniques, reaches all user-groups, including farmers. Farmers need to
know the same facts about ARs that professional pest control operatives know. Information
sheets on new regulations and correct product application are available from several agencies
and some retailers [45,50]. Nevertheless, this information seems not to reach the farmers,
which would suggest that more rigorous outreach work by retailers and regulators is needed.
Suggested methods would include talking to farmers directly, and providing translated
information sheets for non-English speaking farmers and farm-workers. The majority of
farmers, hobby farmers and owners of horse-stables said retailers were the most important
source for information on rodent control. Hence, it is appropriate to encourage retailers to
help farmers purchase the correct AR product for their intended application, and to inform
them at the time of purchase about correct application (how, where, and where not to use
ARs). Farmers could also be required to obtain a licence through the existing provincial
pesticide certification program, which is mandatory for professional pest control operators
in British Columbia [51]. Correct AR product application is increasingly important in berry
fields, as this is one of the fastest growing crops in the region [32].
Predators that scavenge on dead rodents have consistently been documented with AR
residues. Affected avian species include red kites (Milvus milvus), Eurasian eagle owls (Bubo
bubo), barn owls, great-horned owls (Bubo virginianus), barred owls (Strix varia), and
red-tailed hawks (Buteo jamaicensis). Thus, AR poisoned rodent carcasses are a potential
pathway for the uptake of ARs in predators [15,20–23,52–54]. Half of the farmers that baited
with ARs said that they did occasionally find dead rodents outdoors in the farmyard or
elsewhere on the property. Sightings of dead rodents were less frequent for hobby farmers
and residential owners. This may reflect the less intense baiting regime on these properties.
In any event, the number of dead rodents found by chance likely underestimates the true
number of rodents that die from ARs. Encouraging, or including systematic searches for
dead rodents as a mandatory component of rodent control programs that uses ARs would
reduce the risk of poisoned rodents entering the food chain [29]. Further, clear guidelines
on how to dispose safely of dead AR-poisoned rodents seem to be lacking, as most farmer
and residents said they put the dead rodents either in the garbage or on the manure pile. The
dead rodent should be removed in a sealable container and incinerated, making it inaccessible to scavengers. Otherwise, predators are at risk of consuming AR poisoned carcasses.
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Bald eagles (Haliaeetus leucocephalus), for example, feed regularly at the Vancouver regional
landfill [55], and open manure piles on farms are easily accessible to all predators.
Is the permanent placement of ARs an effective way of dealing with rodent
problems?
Pest management programs that require the permanent placement of bait stations around
the perimeters of buildings regardless of whether there is a rodent infestation or not seem
to contradict the precautionary principle criterion, in this case, to minimize the amount of
a toxic substance needed to combat a pest effectively [56]. Permanent placement is also not
consistent with modern pest control methods under Integrated Pest Management (IPM)
methodology, yet this practice is widespread [14]. There seem to be no data that suggest
permanent baiting of SGARs is the most effective way of suppressing rodent populations.
Rather, the widespread and permanent placement of SGARs has reportedly led to cases of
resistance in rats [11,57,58]. Non-target contamination of insects, slugs, song-birds and
non-target rodents such as voles and shrews has also been documented as a result of outdoor
AR placement around the perimeters of buildings [17,38,59–61]. In theory, any creature
that is small enough to fit through the entrance of a secure bait box could consume AR bait
and pass this on to a non-target predator [38,62,63].
Similar to other studies [64,65], our data showed a seasonal influx of rodents, as most
rodent problems occurred in the fall and winter when rats were observed moving into
structures. Tosh et al. [59] found that there were no significant differences in the abundance
of wood-mice between farms that were permanently baited with ARs vs. farms that did not
bait, suggesting that other mechanisms controlled the overall abundance of small mammals on a farm, such as seasonal fluctuations and immigration or emigration. The British
Campaign for Responsible Rodenticide Use [66], which provides guidelines and courses
to pest control operators, recommends a short but well planned and effective AR baiting
campaign in order to reduce the amount of ARs needed, reduce AR waste, and minimize
the risk of AR to non-target species. Similarly, in the US, Wal-Mart conducted a two year
pest management study as part of a corporate sustainability initiative, and found that 60%
of bait stations were never visited by rodents, and large quantities of ARs went un-eaten
and were eventually disposed of. The results led to Wal-Mart adopting an IPM approach to
rodent control. They now used snap traps and detection blocks, substituting the permanent
use of ARs, which were retained for strategic use only if there was evidence of rodents. This
approach significantly reduced the amount of ARs around their distribution centres and
the financial costs associated with their rodent control program [67].

Conclusions
Landowners in Delta are well informed about the preventive measures required to reduce
rodent populations on their properties, and exhibit an awareness and concern of the potential effects of secondary AR poisoning of non-target wildlife, including pets. But the documented unintentional misuse by all user groups when applying ARs demonstrates the
need for increased outreach and more readily available information on correct product
application techniques. Information on what types of products are permissible in different
locations (i.e. inside structures, outdoors, fields, fence lines etc.), and instructions on safe
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and effective application needs to reach all user groups. Farmers in Delta are representative
of the modern conventional North American farmer, who depends on chemical fertilizers
and pesticides to maximize yields while meeting commercial and government food safety
standards. Our results revealed that preventive permanent placement of rodenticides is
commonplace as part of food safety requirements, and highlights a wider global issue: the
overuse of rodenticides in agricultural systems [14]. These rodenticides, when over used, in
many cases become less effective, and can lead to resistance in target species while increasing the risk of poisoning non-target wildlife[11,57–59,61,68]. There needs to be a strategic
IPM process for suppressing rodents by the removal of potential food sources and through
landscape and structural solutions with rodenticides as a final resort [66,69].
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Appendix 1
Survey Questions:
Part 1
1. Have you or anyone else tried to control rodents or other animals on your property (during
the past 2 years)?
(a) yes, (b) no, (c) unsure
(If no, please go to part two of survey)
2. What kind of animal where you trying to control for?
(a) rat, (b), mice, (c) squirrel, (d) rabbits, (e) moles, (f) voles (f) coyote (g) other - please specify:
3. What caused you (or someone else) to begin controlling these animals on your property?
(a) indoor observation of pests, (b) outdoor observation of pests, (c) property damage on own
property, (d) property damage on neighbours’ property, (e) damage to standing crops (f) damage to
stored food/grain (g) preventive use (have not seen animals), and (h) part of routine treatment by
hired company (e) preventive measures required by food safety laws
4. Who is the primary person responsible for applying rodenticide products?
(a) I am the person responsible, (b) someone other than myself, but in my household is responsible,
(c) third-party(yard care company; professional pest control company), (d) other
If you answered with Pest Control Company above, did they provide you with information about the
products they applied? (a) yes (b) no, (c) not sure (d) not applicable
5. Which, if any, of the following physical rodenticides have been used on your property?
(a) snap traps, (b) glue boards, (c) live traps, (d) shooting, (e) electricity (e.g., rat zapper), (f)unsure,
(g) other, or (h) none.
6. Have Chemical rodenticides been used on your property?
(a) yes, (b), no, (c) not sure
7. Which of the following types of chemical rodenticides have been used on your property?

(a) Anticoagulants (identify active ingredient)
• Wilson’s Warfarin (active ingredient: warfarin)
• Wilson’s Wilsarin (active ingredient: bromadiolone)
• Wilsons’s Mouse Treat (active ingredient: chlorophacinone)

(b) Dehydration (e.g., Rodetrol)
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(c) Fumigants (e.g., gas canisters)
(d) Nerve agent (e.g., Bromethalin)
(e) Zinc phosphide (e.g., Ratol)
(f) Unsure
(g) Other:
8. If chemical rodent control is applied on your property, how often is it applied?

Approximately every month or more often
Approximately every other month (6 times per year)
Approximately every four months (3 times per year)
Approximately twice a year
Approximately once a year or less often
Other _________
9. If chemical rodent control is applied on your property, do you use the bait stations that come
with the product or do you make your own bait stations?
_Product made bait station _Home-made bait station
If home-made, what kind? (Tamper- resistant wooden box, pvc tubes)
10. If chemical rodent control is applied on your property, in what kind of structures is it applied
INSIDE? (check all that apply)

House
Barn
Garage
Silo
Manure Pit
Outbuilding
Other _________
Not applied inside
11. If chemical rodent control is applied on your property, in what locations OUTSIDE structures is it used? (check all that apply)

Along walls of any building (within 1 foot)
Along fence lines within 15 m (~45 feet) from any structure
Between 1 and 150 feet from any building
Between 150 and 300 feet from any building
More than 300 feet from any building
In farm fields, in which case what kind of crop is being grown_
Not applied outside
12. Has anyone in your household found dead animals at the following locations INSIDE after
chemical rodent control methods have been applied? (check all that apply)

House
Barn
Garage
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Silo
Manure Pit
Outbuilding
Not applied
Other _______
13. Has anyone in your household found dead animals at the following locations OUTSIDE
structures after chemical rodent control methods have been applied? (check all that apply)

Along walls of any building (within 1 foot)
Along fence lines within 15 m (50 feet) from any structure
Between 1 and 150 feet from any building
Between 150 and 300 feet from any building
More than 300 feet from any building
In farm fields, in which case what kind of crop is being grown_
Not applied outside
14. Did you consider preventive measures to discourage the presence of pests on your property/
premises before you applied rodent control?

removal of open food sources for pests
safe storage of food products and or waste management
block possible access to the inside of structures
keep pet food for pets indoors
keep grass short within 1 m surrounding barn, removal of debris
15. Where do you acquire information on how to control pests on your property?

Farm Supplier
Other farmers
Farmer Organizations (i.e. The Dairy Foundation, Chicken Farmers of Canada)
Pest control operator
Federal webpage
Provincial webpage
Own Internet search
Trade magazine
Friends and/or Family
Other
16. Do you find there is adequate information on rodent control available for farmers? (i.e.
what products are most effective, storage and safe use of products, preventive measures for
rodent control, etc.
(a) yes (b) no
17. What kind of information about rodent control would be useful to you which, to your
knowledge, is not easily available at this time?
18. Did you know there were new regulations regarding certain chemical products (anticoagulants) as of January, 2013?
(a) yes (b) no
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Part 2
19. Are you aware that chemicals produced for rodent control may be affecting wildlife in your
area?
(a) yes (b) no
20. How concerned are you that chemical rodent control products may be affecting wildlife
in your area?
(very concerned = 3, somewhat concerned = 2, not concerned = 1
21. How many individuals live in your household?
22. How many individuals in your household are less than 18 years old?
23. Do you have any pets with access to the outside?

