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The overarching goal of this thesis was to improve the understanding of canine resource
guarding (RG), which is defined as the use of avoidance, threatening, or aggressive behaviours to
retain control of items in the presence of a person or other animal. Results from the first study, an
online discussion board involving fourteen companion animal behaviour experts, identified most
participants prefer to describe the behaviour as "resource guarding" due to the positive
perception and interpretation of the term by dog owners, and the potential for inclusion of nonaggressive behaviour patterns such as avoidance and rapid ingestion. The second study examined
dog owners‟ (n = 1438) ability to identify three different forms of resource guarding (i.e.,
avoidance, rapid ingestion or aggression). The non-aggressive patterns of RG, and those
involving threatening aggression (e.g., growling, teeth baring) were significantly more difficult
for participants to identify compared to biting aggression. Findings were used to develop a RG
identification tool to ensure owners were able to correctly classify different types of RG in
subsequent studies. For the third and fourth studies, dog owners were recruited (n = 3068) to
complete a survey to determine factors associated with the expression of RG in the presence of
either people or other dogs, respectively. Neutered males, mixed breeds, and dogs with higher
levels of impulsivity and fearfulness were significantly more likely to display people- and dogdirected RG aggression compared to dogs of other sexes, breeds, and lower levels of impulsivity
and fearfulness. Training dogs to "drop" and "leave" items was associated with decreased risk of

both people- and dog-directed RG aggression while removing the food bowl during mealtimes
was associated with increased risk of people-directed RG aggression. In addition, RG aggression
had a negative association with RG avoidance and rapid ingestion in the presence of dogs;
however, no such relationship was found in the presence of people, suggesting that RG
behaviour patterns are more flexible when humans are involved. This thesis has advanced the
current understanding of RG in dogs, as well as informed areas for future longitudinal studies to
further understand the etiology of RG behaviour patterns.
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CHAPTER ONE

Introduction and Literature Review
1.1 Introduction
Humans share a unique bond with dogs unlike any other species of animal. Many
Western households regard their dog as a member of the family (Hirschman, 1994), with high
expectations for inter- and intra-species harmony within the home (Meyer and Forkman, 2014).
Dog aggression, in particular, has a strong negative influence on the human-animal relationship,
and has been one of the leading concerns for dog-owning families (Riegger and Guntzelman,
1990). The performance of aggressive behaviour around "valuable" items, such as food or toys,
often presents a problem for dog owners due to the potential for conflict and resulting injury
around items consumed or interacted with daily (Landsberg et al., 2013).
Given evolutionary history and the importance of controlling access to resources for
survival, aggression around resources (i.e., "resource guarding") is often regarded to be within a
dog's normal repertoire of behaviours (Horwitz and Neilson, 2007). Five percent of dogs are
estimated to growl, snap or bite when people try to remove food, toys or other objects from the
dog (Guy et al., 2001). Although there are no reports of the prevalence of this behaviour directed
toward other animals, general literature on aggression suggests it may be higher for intra-species
interaction (Casey et al., 2014; Haug, 2008). Aggression may not be the only approach to control
access to a resource. Observations on wolf family units suggest the majority of behaviour
patterns and signaling during interactions between individuals focus on reinforcing relationships
to reduce aggression between group members (Mech, 1970). Therefore, aggression may not be a
necessary component in the identification of resource guarding behaviour; other non-aggressive
patterns of behaviour may exist that function to control access to a resource. Furthermore, some
1

researchers consider resource guarding aggression to be abnormal and out-of-context given the
process of domestication and the relaxation of related selective pressures, particularly in
consideration of modern care and housing practices for most pet dogs (e.g., reliable meal
delivery with adequate caloric intake) (Overall, 2013).
Nevertheless, a percentage of dogs display aggression in the context of resource control.
The limited studies focused on understanding the factors associated with aggression around
resources have identified several potential risks such as a dog being of mixed breed, increased
age of the dog at acquisition, an increased number of dogs in the household, and feeding treats
from the owner's dinner plate (Guy et al., 2001; McGreevy and Masters, 2008). Further studies
on the topic of resource guarding behaviour are necessary to fully understand factors that
influence the aggressive form of the behaviour, as well as non-aggressive forms. A review of the
existing literature on general aggression may provide some guidance on factors to consider for
future assessment of resource guarding aggression.

1.1.1 The importance of canine aggression research
Out of the 40 million households in North America that own a dog, there are an estimated
4 million dog bites to humans occurring each year, with approximately ten percent of households
dealing with an aggressive dog (Haug, 2008). Children are bitten more frequently than adults,
generally as a result of their smaller stature coupled with a higher likelihood of inappropriate
interaction with dogs (Reisner, 2003; Reisner and Shofer, 2008). Prevention is thought to be
more successful than management or treatment of aggressive behaviour; it has been suggested
that the behaviour is at a greater risk of re-occurring once it has been performed, and treatment
success is conditional on owner compliance and performance (Bowen and Heath, 2005).
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Understanding the reasons why aggression is expressed in specific scenarios and how it can
potentially be prevented is important for companion dogs and their owners.
The majority of pet owners regard their dogs as members of the family, some even as
children (Hirschman, 1994; Sanders, 1990). Researchers suggest this relationship is not onesided; dogs may feel a bond similar to that felt by humans as evidenced by increased levels of the
hormone oxytocin, which has been associated with bonding in various species, during petting
and eye-gazing sessions (Miller et al., 2009; Nagasawa et al., 2015). Aggression can negatively
impact this bond between owner and dog through mistrust and concern about future negative or
harmful reactions from the dog (Serpell, 1996; Taylor and Mills, 2007). Furthermore, aggressive
dogs may suffer from various forms of neglect. For example, dogs that are consistently
aggressive towards other dogs or people may be infrequently walked due to the concern of
encountering another dog or person. This lack of mental and physical exercise may compound
the dog's frustration and decrease their latency to arousal around triggering stimuli (Haug, 2008).
Some owners may inflict (positive) punishment in response to anxiety or aggression in hopes to
stop the behaviour or decrease the likelihood of similar future responses when in actuality,
positive punishment has been suggested to increase the intensity and duration of an aggressive
episode (Ben-Michael et al., 2000; Blackwell et al., 2008; Herron et al., 2009), and may
encourage future aggression through the conditioning of a negative emotional state in a similar
context. Finally, aggression is a primary reason for relinquishment and euthanasia of pet dogs
(Gorodetsky, 1997; Salman et al., 1998).
Aggression is a complicated and multi-faceted behaviour problem. Research has been
able to uncover various exogenous and endogenous factors that may influence whether or not a
dog will behave aggressively, but the majority of these reports provide conflicting or insufficient
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evidence (e.g., Borchelt, 1983). This may be partly to blame on the lack of consistent
classification of types of aggression, as well as the tendency to investigate risk factors for
aggression as a general concept, rather than considering the likelihood that different factors
influence the risk of different types of aggression.

1.2 Classification of aggression: Functional versus Target-outcome
It is well accepted that there are multiple types of aggression. Categorization or
classification of these different types of aggression is important because of potential differences
in risk factors and prevention or management of the behaviour (Beaver, 2009). There are two
main approaches to classification. Aggression may be classified by target (i.e., the intended
victim of aggression; e.g., owner-directed or familiar-person directed aggression), or by the
apparent function (e.g., fear-related aggression) (Reisner, 2003). The former may be more
desirable for some individuals due to the objectivity of the classification method; it is less
vulnerable to misinterpretation and therefore, misclassification. However, the latter may be more
desirable for others, as it provides a greater level of detail about context and reasons for the
aggressive behaviour. Research investigating factors associated with aggression would benefit
from the function-based approach, as there are likely different contributing factors involved in
each type of aggression. Further, this approach makes management or treatment of the
aggression more practical for clinicians and pet owners, provided they are accurately identifying
the true function of the aggression.
Aggression classification has been one of the most contentious topics debated amongst
canine behaviour professionals. Houpt (2006) suggests that the main area of disagreement
between classification schemes is in assigning motivation to the aggression. The objectivity of
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classifying a behaviour based on 1) the initiator of the aggression (e.g., the dog chasing a cat is
an issue concerning the dog), and 2) the object of the initiator's actions (e.g., the cat in this
scenario) cannot be disputed. The issue, Houpt argues, is in the final modifier which is assumed
when applying a function-based approach to classification. This method would extend beyond
the subjects involved and suggest the reason for the dog chasing the cat, which could range from
a desire to play to a desire to kill. Unfortunately it is impossible to know definitively what the
underlying motivations of another individual are. This is likely the reason for target-based
classification schemes as used, for example, by Duffy and colleagues (2008) and Houpt (2005).
Aggression is classified as "stranger-directed", "owner-directed", and "dog-directed" in the
former and the latter adds "veterinarian-directed", "child-directed", and "other-animal directed"
to their classification scheme. However, Reisner (2003) argues that the main reason for
classifying aggression types is for prevention, management and treatment of unwanted
aggression, and the success of these aims are dependent upon the reasons for the aggression more
so than the dog's choice of target. Many veterinary behaviourists, perhaps those most concerned
with the treatment and management aspect of classification, seem to agree with Reisner (2003)
(e.g., Beaver, 2009; Horwitz and Mills, 2009; Sueda and Malamed, 2014). For instance, Sueda
and Malamed (2014) advise against a general diagnosis of aggression by target, stating that
without careful consideration for the cause and the circumstances surrounding the aggression, a
veterinary behaviour professional cannot properly assess the risk and prognosis or formulate an
accurate treatment plan for the aggressive dog. Therefore, classifying aggression based on
motivation or cause is preferable for someone who wishes to understand the cause in order to
prevent future behaviour.
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Within the function-based classification scheme for canine aggression there is both
agreement and disagreement over the number and types of aggression proposed. Categories with
general agreement include fear-related aggression, territorial aggression, predatory aggression
and resource guarding (also referred to as "possessive aggression" or “food-related aggression”)
(Table 1.1). Fear-related aggression is typically triggered by a stimulus that the dog interprets as
threatening and is generally suggested to be accompanied by fearful body language and signs of
arousal (Landsberg et al., 2013). Fear is suggested to be one of the most common causes of
aggressive responses and it is thought that even offensive-appearing aggression can include a
component of fearfulness (Bowen and Heath, 2005). This can make the diagnosis of other types
of aggression more challenging as they can often be influenced or amplified by anxiety or fear.
For example, territorial aggression may be manifested through fearful or confident aggressive
postures and vocalizations (Landsberg et al., 2013). Landsberg and colleagues (2013) suggest the
major differentiating factor between fear-related and territorial aggression involves the location
of the behaviour. Territorial aggression typically occurs in very specific locations and contexts;
for example, it may only appear in the dog's yard or home, whereas fear-related aggression
occurs in varied locations and contexts. Territorial aggression is generally directed towards
unfamiliar people or animals approaching an area the dog perceives as his territory. It has been
suggested to be a variant of normal behaviour considering evolutionary history, as a dog's
survival would be dependent upon defending access to an area containing important resources
(Bowen and Health, 2005; Miklosi, 2007). Similarly, predatory aggression has been suggested to
be an inappropriate modification of a normal instinct in dogs to chase and hunt prey animals
(Landsberg et al., 2013; Miklosi, 2007). It includes behaviours such as stalking, chasing,
catching and biting, and may sometimes involve death and ingestion, although the latter two
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components are not necessary for the diagnosis. This behaviour is generally directed towards
species-contextual prey types (e.g., cats, birds), or towards individuals with uncoordinated
movements (e.g., human infants) (Overall, 2013).
Researchers classifying aggression based on function universally agree upon the
existence of aggression related to resource control, which is further explored in the next review
section. The terminology used to reference this type of aggression varies. For example,
aggression around resources has been referred to as "possessive aggression" (e.g., Borchelt,
1983), "resource guarding" (e.g., Haug, 2008), "food-related aggression" (e.g., Reisner, 2003),
and "material protective" (e.g., Beaver, 2009). From this point forward in the current thesis, this
behaviour will be exclusively referred to as "resource guarding", given the preference for this
term from surveyed experts (Chapter 2), and the potential for dogs to use non-aggressive
behaviour patterns when attempting to control resources (Appendix B). Behaviour patterns of
resource guarding (including non-aggressive types, such as avoidance) may be directed at either
familiar or unfamiliar people or other animals that approach the dog when it is near an object it
values, such as a favourite toy or a bowl of food (Landsberg et al., 2013).
Additional types of aggression are mentioned with variable consistency in the functionbased classification literature. The following have all been suggested as additional categories of
aggression: pain-induced, play-related, maternal, redirected (described as aggressive behaviour
directed toward a person, animal or object that was not the stimulus for the initial response),
intra-species (described as aggression between dogs, typically within a household), pathophysiological (aggression resulting from underlying physiologic or physical abnormalities),
idiopathic or impulsive (described as atypical and without contextual association; unpredictable),
conflict and dominance (latter two are described in further detail below) (Overall, 2013). While
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some authors choose to list "learned" aggression as a separate category or cause, others suggest
that all forms of aggression are modified by learning and it is rare for "learning" to be the
igniting cause of aggression (e.g., Landsberg et al., 2013; Luescher and Reisner, 2008).
Conflict-related aggression is a relatively new category suggested by a few researchers
(Horwitz and Neilson, 2007; Landsberg et al., 2013). This type of aggression is described as
resulting from competing internal states of motivation, or alternatively results from frustration
over the inability to perform a desired behaviour (Landsberg et al., 2013). Luescher and Reisner
(2008) imply that "conflict-related aggression" may often be misdiagnosed as "dominancerelated aggression". Dominance-related aggression, also known as "social-status aggression"
(Horwitz and Neilson, 2007), has been a particularly contentious topic within the canine
ethology community as of late (e.g., see debates between Schilder et al., 2014 and Bradshaw et
al., 2016). Past research suggests this form of aggression to be the most commonly diagnosed,
with up to 59% of aggressive cases identified from all cases of aggression (Blackshaw, 1991;
Borchelt and Voith, 1986). According to Beaver (2009), dominance-related aggression describes
situations when a dog challenges another dog or person because it views itself as having or is
attempting to achieve a higher social rank at the time of the aggressive act. This term is broadly
applied in terms of dominance rank and the hierarchy of individuals within a household as well
as personality (van Kerkhove, 2004). It seems unlikely that aggressive interactions between dogs
are motivated by the aim to achieve alpha status within a group as there is evidence that large
groups of dogs can co-exist in a single area with little conflict, they do not appear to form clear
hierarchies, and they can even cooperate in tasks (Bradshaw et al., 2009). The theory of
dominance-related aggression was originally based from observations in a captive wolf
population by Zimen (1975). Zimen described intense aggression between two male wolves,
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which he assumed was related to social rank (i.e., the alpha position) and proposed that a linear
hierarchy exists in wolf packs. Descriptions of the behaviour of wolf packs in the wild are
drastically different. Mech (1999) observed family groups rather than linear hierarchies, with
constant non-aggressive demonstration of rank by the wolves that did not escalate beyond
posture changes during social interactions. Therefore, the usefulness and appropriateness of
applying the concept of "dominance" to describe a form of aggression has been called into
question (van Kerkhove, 2004; Bradshaw et al., 2009), and many believe this type of aggression
has been over-diagnosed (Haug, 2008).

1.3 Internal and external factors associated with canine aggression
The term 'motivation' is used to describe the internal processes that arouse and direct
behaviour. It cannot be observed directly, but it is a useful concept for theorizing the causes of
behaviour. Motivation is produced by an interaction of internal factors (e.g., hormonal status,
hunger, pain; influenced by genetics) and external factors (e.g., specific stimuli or cues) (Toates,
2002). For example, the motivation of a dog to retain access to his food bowl might be higher if
he has been deprived of food for a substantial period of time, and a person is attempting to
remove the bowl of food. Once the threshold for a behaviour, such as aggression, has been
reached through the interaction of internal and external factors, the behaviour is expressed
(Toates, 2002). The following sections will further explore some of the internal and external
factors suggested to motivate aggressive behaviour, both generally and in the context of resource
control.
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1.3.1 Genetic contributions
In humans, quantitative genetic epidemiology studies using twins and adoption methods
to investigate heritability of aggressive behaviour estimate that genetics account for
approximately 50% of the frequency of acts of physical aggression (Lacourse et al., 2014;
Provencal et al., 2015). Genetics has been suggested to influence aggressive behaviour in species
extending beyond humans (Hall and Wynne, 2012; Provencal et al., 2015; van Rooy et al.,
2014). For example, selective breeding over 50 years at the Institute for Cytology and Genetics
(ICG) in Russia has resulted in two contrasting groups of silver foxes: one highly sociable
toward people, and an alternate group highly aggressive toward people (Kukekova et al., 2008),
which highlights the potential of genetic selection to influence behavioural responses.
Heritability of aggression has also been described in canines (Podberscek and Serpell,
1997; Takeuchi et al., 2009; Vage et al., 2010). Aggression has been observed to be heritable
when dogs are selected for this behavioural characteristic (e.g., for the purposes of protection or
fighting). For example, aggression in German Shepherds used for attack during war by the
United States Army was determined to be heritable in subsequent generations (MacKenzie et al.,
1985). Emphasis on the selection of phenotypic characteristics with little adaptive or survival
value in certain dog breeds may have inadvertently relaxed selection for desired temperament
and behavioural characteristics (Reisner et al., 2005). For example, English Cocker Spaniel
(ECS) dogs with solid coat colour patterns have been suggested to be more likely to show
aggression compared to ECS dogs with multi-coloured coat patterns (Perez-Guisado et al., 2006;
Podberscek and Serpell, 1996). Podberscek and Serpell (1996) surveyed 2,000 purebred ECS
owners and found a higher likelihood of aggression for solid-coloured ECS's in twelve out of
thirteen given scenarios (e.g., owners were asked if the dog typically responded in an aggressive
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manner when the dog was "reached for or handled", and "at meal times or in defence of food")
compared to reports from owners of multi-coloured ECS dogs. Perez-Guisada and colleagues
(2006) compared the aggressive behaviour of fifty-one related (i.e., full or half siblings, resulting
from matings from four sires and ten dams) seven week-old ECS puppies. Although the authors
only observed one generation of ECS with a relatively small sample size for a study investigating
heritability, their results concurred with previous research suggesting aggressive behaviour was
more likely in solid-coloured ECS dogs compared to multi-coloured ECS dogs.
Heritability of behaviour may be linked to neurotransmitter-related genes. For example,
Vage and colleagues (2010) reported associations between several neurotransmitter-related genes
(e.g., dopamine (D1) and serotonin receptors (1D, 2C)) and owner reported human-directed
aggression in a group of English Cocker Spaniels. Further, van den Berg and colleagues (2008)
reported associations between owner-reported human-directed aggression in Golden Retrievers
with single nucleotide polymorphisms (SNPs) in several serotonin receptor genes (1A, 1B and
2A).

Neurotransmitter systems
As previously stated, one way that genes can influence behaviour is through effects on
neurotransmitter systems. A meta-analysis of the relationship between serotonin
neurotransmission and aggression in 84 studies (including various vertebrate species) suggests
that increased serotonin has a significant inhibitory effect on aggression (Carrillo et al., 2009).
There are dense concentrations of serotonin receptors in the amygdala, which processes threat
and emotional responses. Serotonin has been demonstrated to have a net inhibitory effect in the
amygdala and serotonin deficient states may result in compromised inhibition of amygdalar
reactions (Keele, 2005), potentially lowering the threshold for impulsive aggressive reactions to
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certain stimuli. Lower cerebrospinal fluid and blood levels of 5-hydroxyindolacetic acid (5HIAA), a serotonin metabolite, have been found to be correlated with high levels of aggressive
behaviour in monkeys (Higley et al., 1996) and humans (Coccaro et al., 1997). Further, lower
levels of 5-HIAA were found in the cerebrospinal fluid of „dominant‟ aggressive dogs compared
to non-aggressive dogs (Reisner et al., 1996). Additional studies link serotonin deficiency to
canine aggression (Leon et al., 2012; Vage et al., 2010). Drugs that block the reuptake of
serotonin such as amitriptyline and fluoxetine, have been demonstrated to decrease aggression in
dogs (Dodman et al., 1996; Houpt, 2007; Virga et al., 2001). In humans, the dopaminergic
system has been suggested to influence an individual's propensity for aggression, and in
laboratory animals, the vasopressin system has been suggested to regulate various social
behaviours, including aggression (Rosell and Siever, 2015). However, the relationship of these
systems to canine aggression have yet to be investigated.

Breed
Much of the past research on the influence of breed on aggression has focused on the
epidemiology of dog bites; gaining particular attention is the identification of breeds that are at
an increased likelihood of aggression for risk assessment (De Keuster et al., 2006; Kizer, 1979;
Overall and Love, 2001). Depending on the source of the data (e.g., hospital or town reports of
bite incidents), the results can be skewed toward larger breeds due to their increased jaw size and
ability to inflict damage upon the victim, resulting in an over-representation of large-sized breeds
in reports on dog aggression (e.g., Overall and Love, 2001). For example, a cross-sectional study
of dog owners recruited from veterinary hospitals suggests contrary findings; this study reports
that small dogs were at a significantly higher risk of biting compared to large dogs (Guy et al.,
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2001). Therefore, research investigating the influence of breed on the prevalence of aggression
should be collected through owner reports under situations that do not introduce inherent bias,
although this method is not without other bias (e.g., volunteer bias, where participants that
respond may be more interested in the topic, and in this case, may have an aggressive dog or
have been previously bitten).
Duffy and colleagues (2008) included 30 dog breeds (n = 1,553 dogs total) in an ownerreported survey on aggression. The authors reported Dachshunds, Chihuahuas, Jack Russell
Terriers, Australian Cattle Dogs, American Cocker Spaniels and Beagles to be at the greatest risk
for exhibiting aggression toward people. Akitas, Jack Russell Terriers and Pit Bull Terriers were
reported to be more likely to exhibit aggression towards unfamiliar dogs. This suggests there are
contextual differences (i.e., between target eliciting-stimuli, such as other dogs or people) that
are differentially important to specific dog breeds. Results reported in Duffy and colleagues
(2008) are similar to those reported in Hsu and Sun (2010), although both authors used the same
method of data collection (i.e., the Canine Behaviour Assessment Research Questionnaire
(CBARQ); Hsu and Serpell, 2003), which is likely to create similar results given similar
response populations. A few other studies present contrasting results. Although small in sample
size, Martinez and colleagues (2011) did not find any difference between breeds in severity or
frequency of aggressive behaviours in a cross-sectional survey of 232 dog owners visiting a
veterinary clinic, which agrees with results reported by Casey and colleagues (2014) from a
convenience sample of 3,897 dog owners.
In a thirteen year study, Scott and Fuller (1965) examined and described the role of
heredity on the development of behaviour in five represented breeds (and cross-breeds) of dogs
(Basenji, Beagle, Cocker Spaniel, Shetland Sheepdog, and Fox Terrier). The authors found that
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almost all behavioural traits tested were affected by heredity but that the relationship is complex.
They concluded that there are behavioural differences between breeds, but dogs within a breed
are equally different with respect to behaviour traits; therefore behavioural responses cannot be
predicted based on breed.

Temperament traits
Canine temperament refers to the characteristics (i.e., traits) of an individual that describe
and motivate consistent patterns of thoughts, feelings, and behaviours, which persist across time
and situations and differentiate one individual from another (Pervin and John, 1997; Weinstein et
al., 2008). Temperament is likely to influence an individual‟s behaviour and response to changes
in their environment, making its relationship to aggression an important area to consider.
Svartberg and Forkman, (2002) conducted temperament tests on 15,329 dogs (with 164 breeds
represented), subjecting the dogs to human strangers, rapidly moving prey-like objects, and fear
and aggression-eliciting stimuli, such as the sudden appearance of a human-like dummy.
Following coding and factor analysis of the data, the authors reported consistent demonstration
and variation between individuals on the following proposed traits: "playfulness", "fearfulness",
"chase-proneness", "sociability", and "aggressiveness", with the first four factors relating to each
other. Although sample sizes were large, the traits that emerged from this analysis may have
been a direct result of the selection of the types of tests chosen. Incorporating additional tests on
large groups of individuals over time in identical contexts may have revealed additional
temperament traits.
The temperament trait of impulsivity has been assessed in dogs, and demonstrated to vary
between individuals and show consistency within an individual (Wright et al., 2011). Impulsivity
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is a trait related to inhibitory control which has been suggested to play a role in the expression of
a range of problem behaviours in dogs, including aggression (Reisner et al., 1996). Individuals
with greater levels of impulsivity show a decreased ability to tolerate delay of reinforcement
(Wright et al., 2012), or difficulty in response control (Eagle and Robbins, 2003). Wright (2008)
suggested that dogs with difficulty controlling the intensity or degree to which their behaviour is
expressed (i.e., highly impulsive) may be more likely to bite compared to those with the ability
to contextually inhibit their responses. Individuals grouping into the latter category may growl,
bark or snap in response to the same stimuli that causes an impulsive dog to bite. Increased
impulsivity in rodents (e.g., van den Bergh, 2006) and humans (e.g., Waltes et al., 2015) has
been associated with aggressive behaviour, and research by Reisner and colleagues (1996)
supports a similar association in dogs; they reported lower levels of 5-HIAA (i.e., a serotonin
metabolite related to impulsivity; serotonin has been implicated as a metabolite important to
suppressing behavioural responses (Soubrie, 1986)) in a group of dogs that had a history of
biting without warning, compared to a group of dogs that warned before biting (i.e., growled,
stared, and became stiff).
In addition, fearfulness has been demonstrated as an existing temperament trait in dogs
(Goodloe and Borchelt, 1998; Svartberg, 2005), and is frequently implicated in the expression of
aggression (Hsu and Serpell, 2003). For example, Pageat (2004) observed the reaction of young
dogs in fear-stimulating circumstances (e.g., loud and sudden noises, abrupt moving objects, and
interaction with unfamiliar people) and found that dogs identified as fearful were at an increased
risk of developing aggressive behaviour in the future. Furthermore, Guy and colleagues (2001)
reported that dogs described as generally fearful by their owners were more likely to be
"dominant" or "possessive" (i.e., resource guarding) aggressive, as interpreted by their owner.
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Fearfulness has been primarily associated with fear-related aggression; however, it is possible
that fear may contribute to the expression of other types of aggression. For example, Landsberg
and colleagues (2013) suggest that resource guarding stems from an underlying anxiety that
items will be removed when the dog is approached.

Hormones and gonadectomy
A positive relationship between testosterone and aggression in non-human animals has
been demonstrated in a variety of species through both observational and experimental studies in
which testosterone levels are manipulated through castration and injection (as reviewed by Brook
et al., 2001). For example, aggression in male mice has been found to be positively correlated
with an increase in circulating testosterone, and the castration of these individuals results in a
decrease in aggressive behaviour (VomSaal, 1983). Further, male rhesus monkeys with high
levels of testosterone engage in more aggressive displays than conspecifics with relatively lower
levels of testosterone (Rose et al., 1971). Testosterone injection has been suggested to have
nearly immediate consequences on aggression, with increased levels of aggressiveness observed
in a variety of species (Monoghan and Glickman, 1992). In contrast, however, Goymann and
colleagues (2015) did not observe increases in territorial aggression in male black redstarts (a
species of bird) following injections with testosterone. The authors noted that this particular
species does not experience natural increases in testosterone during territorial male-male
encounters, and therefore suggest that species that do not typically experience a rise in
testosterone levels during aggressive encounters may not benefit (i.e., increase intensity or
persistence of aggression) from additional circulating testosterone.
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Studies investigating the relationship between testosterone and aggression in male dogs
typically rely on the effects of castration, which decrease the level of circulating testosterone, but
this relationship may be complex. For example, the castration of male dogs has been suggested
to reduce sexually dimorphic behaviours such as urine marking and roaming, but a reduction in
territoriality and aggression toward other dogs was reported to a relatively smaller degree
(Neilson et al., 1997). Hart and Eckstein (1997) reported that neutering had moderate effects on
territorial and inter-male aggression, but no effect on any other type of aggression. In contrast,
Mengoli and colleagues (2010) found no effect of neutering on any type of aggression, while
several authors of cross-sectional studies report an increased likelihood of owner-directed
aggression in neutered male dogs (Hsu and Sun, 2010; Lund et al., 1996).
In a recent study investigating the effects of castration, testosterone and
behaviour, 102 free roaming intact male dogs were randomly assigned to either a surgical or
chemical sterilization group, or a control group (Garde et al., 2016). Researchers monitored the
behaviour of each dog pre- and post-intervention using video recordings, GPS collars and
collected blood samples to measure circulating testosterone levels. The authors reported no
behavioural effects of surgical castration on sexual activity or aggression, while chemically
castrated dogs showed a significant increase in dog-directed aggression (Garde et al., 2016).
Further, the authors reported no consistent association between levels of serum testosterone
concentration and behavioural changes in any group (Garde et al., 2016).
Complicating the relationship between aggression and testosterone is the potential effect
of age of castration, which was not reported in Garde and colleagues (2016). Veterinarians are
varied in their recommendations for the ideal age of castration; a cross-sectional study of
veterinarians in the U.K. (n = 973), reported an average recommended age of 7.5 months (95%
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confidence interval: 1.4 - 13.6 months) for castration of male dogs (Diesel et al., 2010). If dogs
are castrated after puberty, they may have experienced the effects of testosterone and may be
more likely to retain certain patterns of behaviour even after castration. In such scenarios, the
role of learning may have already made an adaptive change in the individual's behaviour as a
result of experience. For example, male rats castrated at various ages (pre- and post-puberty; n =
14 in each group) were compared with sham-operated intact controls (i.e., sedated in the same
procedure as the experimental group but remaining intact; n = 28), and exposed to socially
aggressive males in their home cages. All rats castrated prior to puberty did not fight, intact
males were subject to intense fights, and individuals castrated post-puberty were subject to
initially vigorous but unsustained fights (Flannelly and Thor, 1977). In dogs, it has been
suggested that sexually dimorphic behaviour, such as mounting, copulation, and urination
posturing, are dependent upon both prenatal and pubertal hormonal action (Beach, 1975);
however, it has yet to be determined if or how prenatal hormonal action affects the facilitation of
aggressive responses in the adult dog.
Ovariohysterectomy results in the removal of the main sources of estrogen and
progesterone in female dogs. In one study, spayed female dogs were reported to be more likely to
be aggressive in household contexts compared to non-spayed females (Sherman et al., 1996),
which agrees with results from O'Farrell and Peachey (1990), who, according to owner reports,
suggest spayed females show an increase in "dominance aggression towards family members"
compared to intact female controls. Furthermore, German Shepherd females were compared for
reactivity and aggression 5 months following either ovariohysterectomy or shamovariohysterectomy (controlled for genetic and early environmental influences through
purposeful and balanced assignment of littermates to groups) and the authors reported an
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increase in reactivity of the spayed compared to the intact females by a novel observer blind to
treatment (Kim et al., 2006). It should be noted that aggressive behaviour is a product of a
complex interaction between physiological, emotional, and context-specific stimuli, and it is
highly likely that several variables moderate the relationship between sex hormones (i.e.,
estrogen or testosterone) and aggression (Brook et al., 2001).

Summary
Understanding the contribution of genetics is challenging, given that an animal's
behaviour is influenced by both inheritance and interactions between the environment, learning
and epigenetics (van Rooy et al., 2014). Genes supply an organism with the necessary basis for a
particular behaviour, but behaviour is likely to develop in synchrony with the environment in
which the animal lives, and genes can therefore only be considered as predisposing factors which
may bias an animal toward certain reactions and developmental pathways (Jensen, 2002). For
example, rats selected for quick and accurate performance in a maze (i.e., "bright" rats) had
offspring that performed the task equally well within a few generations when raised in a
standardized environment (Tryon, 1940). However, when these "bright" rats were raised in
impoverished conditions, they performed as poorly as a selected line of "dull" rats (slow to learn
the maze) raised in standardized environments (Cooper and Zubek, 1958), which emphasizes the
interaction between genes and the environment in determining behaviour.
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1.3.2 Environmental contributions
Pre and early post-natal environment
The pre-natal environment can have lasting effects on future behaviour. This is a critical
time for neurodevelopment and is, thus, subject to vulnerability for lasting effects on brain
development with implications for future health and behaviour (reviewed by Kinsella and Monk,
2009). In particular, maternal stress may permanently alter an animal‟s reactivity to future
stressors (Chapillon et al., 2002), which may be relevant when considering factors that influence
aggression. For example, pregnant human females experiencing high levels of anxiety in late
pregnancy had children with higher rates of behavioural and emotional problems when assessed
at both two and four years of age, even after controlling for potential effects of post-natal anxiety
and depression (O'Connor et al., 2003). Further, in another study, a high level of maternal stress
was associated with low frequency heart rate variability in the fetus, and with difficulty
regulating emotion in children, and high levels of hostility in adults (Sloan et al., 2001). These
types of effects have also been observed in non-human animals. For example, subjecting
pregnant female rodents to stressful experiences has a tendency to render their offspring more
reactive in test situations as adults, startling more quickly and expressing behaviours indicative
of fear for longer periods of time (Weinstock, 2005). Further, rats experiencing early adversity,
such as decreased licking and grooming during the first week of life by the mother, exhibited
higher behavioural and endocrine responses to stress in adulthood (Weaver et al., 2004), and
maternal deprivation has been suggested to induce a high level of aggressive-impulsive
behaviour in the offspring (Barr et al., 2003).
Based on survey data from adult dogs, it appears puppies that are prematurely separated
from their mother at 30 days of age are more likely to develop undesirable behaviour when they
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are adults in comparison to dogs that remained with their mothers until 2 months of age
(Pierantoni and Verga, 2007). This early separation was associated with significant increases in
a variety of fears and phobias, as well as aggression towards unfamiliar people when tested later
in life. Furthermore, rats experiencing feed restriction (i.e., allowed free access to food for only
two hours daily) during their infancy demonstrated an increased appetitive motivation as adults
(Sefcikova and Mozes, 2002), suggesting a potential association between early food management
practices and future motivation to consume food. In further support, it has been suggested that
low levels of stress in the postnatal environment may be protective in comparison to a complete
lack of stress and high levels of stress. Following brief maternal separation and neonate handling,
Anisman and colleagues (1998) described a reduction in hypothalamic-pituitary-adrenal (HPA)
reactivity to future stressors in comparison to individuals experiencing prolonged maternal
separation and prenatal illness.
At approximately three weeks of age puppies‟ sensory abilities and motor skills are
sufficiently developed for them to begin to interact with their environment; this period is marked
by learning and shaping of behaviour based on interactions and experiences with littermates and
human caregivers (Scott, 1957). Puppies are constantly gathering information about appropriate
behaviour from their social interactions and environmental experiences. When the expression of
a behaviour alters the environment in a desirable way, reinforcement occurs and the dog
becomes more likely to show the same behaviour pattern in a similar context in the future.
Successfully displaying aggressive behaviours in order to achieve or maintain access to an
important resource is likely rewarding and could perpetuate the behaviour. This has potential
implications for the development of resource guarding behaviour in young puppies. Although
this has not yet been explored in dogs, alternative species may be used for comparison and
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hypothesis generation. For example, the first few days after piglet birth are marked by
competition between littermates for access to preferred teats. Consistent access to preferential
teats is rewarded by increased weight gain in comparison to littermates of piglets (RosillonWarnier and Paquay, 1985). In a study measuring the behaviour and growth of 125 domestic
pigs, researchers reported levels of individual aggressiveness to be influenced by early life
correlates, such as being born into larger litters, having a higher level of activity in the eight
hours following birth, and engaging in more pushing with littermates during the pre-weaning
period (D'Eath and Lawrence, 2004). It is possible that these effects are similar in dogs; there
may be preferred nipples on the bitch due to either a greater volume of milk or better nutrition,
and puppies may display agonistic behaviours in order to gain access to these nipples. Those
that have greater success or are more "pushy" in their selection may also be more likely to be
aggressive as adults. Observing behaviour around the nipple has been suggested to help predict
future behaviour around resources (McConnell, 2013), but this is an area that requires further
research in dogs.

Socialization
Socialization deficits are perhaps one of the most widely suggested factors contributing
to future canine behaviour problems, including aggression. Socialization has been defined as a
learning process in which a puppy is exposed and learns to accept the close proximity of
members of its own species, members of other species, and differing environments (Beaver,
1994). The “socialization period" refers to a specific developmental period during which social
behaviour patterns are rapidly learned and acquired, typically between 19 days to approximately
12 weeks of age (Freedman et al., 1961; Scott and Fuller, 1965). For example, puppies that were
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cross-fostered on cats and raised throughout the socialization period with only kitten littermates,
preferred to interact with cats and kittens and avoided interacting with unfamiliar puppies (Fox,
1969). This suggests the strong degree to which exposure of different social groups during the
socialization period helps to determine an animal's preference for future social partners.
If dogs have not experienced proper socialization during this sensitive time period, they
are more likely to be fearful, defensive and potentially aggressive when exposed to people, other
animals and new environments at a later age (Appleby et al., 2002). Early isolation experiments
demonstrate that puppies reared in restricted, un-enriched and isolated environments until twelve
to fourteen weeks of age exhibit neophobia when placed in unfamiliar situations (Fuller, 1967).
Furthermore, puppies reared without exposure to human contact for the duration of the
socialization period develop a generalized fear of people (Freedman et al., 1961; Scott and
Fuller, 1965). Additionally, Roll and Unshelm (1997) report that 44% of dogs displaying
aggression towards other dogs had few or no interactions with conspecifics from five weeks to
five months of age within their study population. Attendance at puppy classes (distinguished
from training classes for their emphasis on socialization with people and other puppies, not
obedience training) has been suggested to reduce the risk of aggression to unfamiliar people and
dogs (Casey et al., 2014). Unfortunately, the specific amount and degree of socialization required
for optimal development is unknown. General exposure to other people and dogs may not be
enough to guarantee appropriate future reactions when presented with unfamiliar external
stimuli, such as new people or environmental situations (Haug, 2008). Early interactions should
be monitored to ensure an emphasis on positive experiences, which have been demonstrated to
be vital to the development of the dog to cope with future unfamiliar scenarios. The role of
socialization in the development of resource guarding behaviour, specifically, is unknown.
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Training
Training techniques have been suggested to have an impact on both the dog's immediate
and future behaviour. Positive punishment, or the application of an aversive stimulus in order to
reduce unwanted behaviour, has been demonstrated to increase aggressive behaviour in dogs, or
make an aggressive responses more intense (Arhant et al., 2010; Casey et al., 2014). Roll and
Unshelm (1997) compared the characteristics of owners of dogs that were aggressive and nonaggressive, and reported that owners of aggressive dogs were more likely to achieve their dog's
obedience by use of physical force. In another study, 25% of owners reported that their dogs
responded aggressively after the use of confrontational methods such as "hitting or kicking the
dog for undesirable behaviour", using an "alpha roll", or yelling "no" (Herron et al., 2009). In
further support, owners reporting the use of a combination of positive reinforcement and positive
punishment training techniques had dogs with a higher score for aggressive tendencies in
comparison to owners reporting use of positive reinforcement alone (Blackwell et al., 2008). Hsu
and Sun (2010) reported that dogs subjected to physical reprimands (e.g., smacking), were more
frequently and severely aggressive than those that did not experience physical reprimands. As
these methods also serve to increase the dog's level of arousal, it may be that increased arousal
influenced the expression of aggression in these scenarios. These studies suggest that positive
punishment is associated with the expression of aggression, but it is unknown the degree to
which it is an influencing factor. In support of the use of positive reinforcement training
methods, Rooney and Cowan (2011) reported dogs to perform better on a novel training task
when their owners subscribed to reward-based training techniques throughout the dog's lifetime.
This suggests that reward-based training has a positive effect on learning, perhaps through proper
motivation to learn new tasks.
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All forms of behaviour are modified by learning, including aggression. When an animal
learns that a behaviour alters the environment in a desirable way, reinforcement occurs. The
animal is more likely to show the same or similar behaviour pattern in a similar circumstance in
the future (Haug, 2008). It is possible that the expression of aggression may be reinforcing in
itself, provided the immediate environment is altered to a favourable degree from the dog's
perspective.

Owner-related and household factors
Prior experience interacting with and owning a dog are associated with a decreased
likelihood of owning an aggressive dog in comparison to first-time owners (Jagoe and Serpell,
1996); this suggests experienced owners are either superior at selecting a non-aggressive dog, or
are better at managing the dog and providing an environment that does not provoke aggressive
responses. Furthermore, owners receiving and putting into practice proper advice on dog rearing
can be a protective factor in the expression of aggression (Gazzano et al., 2008); this prospective
cohort study involved owners of five-month old puppies who received and followed the advice
of a veterinary behaviourist on canine ethology (including normal dog development, body
language, and the importance of enrichment and play) as well as basic training techniques
(including elements of classic and operant conditioning, the effects of punishment, and proper
socialization). In a six-month follow-up, owners who had been advised were less likely to have
dogs exhibiting problematic behaviour, including aggression, than those owners that did not
receive advice. The opportunity to receive well-informed advice as well as having the desire to
follow through with such advice may be an important owner-related factor in reducing the
likelihood of aggression.
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It is often suggested that "spoiling" dogs (e.g., allowing dogs on furniture, feeding them
scraps of food from the table) encourages the expression of "problem" behaviours. There is
literature to both contradict and support this theory. O'Farrell (1997) reported an association
between "anthropomorphic activity" (e.g., allowing dogs on furniture) and dominance aggression
(i.e., aggression directed towards the owner, as defined by the author). However, this study had a
very small convenience sample size of 50 owners and the results may have been a reflection of
chance or response-bias. In contrast, Voith and colleagues (1992) surveyed 711 dog owners‟
attitudes towards their dog, whether the dog had formal obedience training, and whether the
owner considered the dog to have "problem" behaviours. The authors reported no relationship
between "spoiling activities" and the dog engaging in behaviours considered to be a problem by
the owner (Voith et al., 1992). In the latter example, it is possible that owners willing to share
food and allow dogs on their furniture may be more tolerant of problem behaviours, such as
aggression, resulting in under-reporting of problem behaviours in this sample of owners. For
example, Reisner (2003) described an owner referring to her dog as "purring" while she petted
him during feeding in a behaviour consultation, which is very likely an incorrect observation,
highlighting the difficulties associated with reliance on owner reporting of behaviour issues.
There are various household-related factors that have been suggested to influence
aggression. In one study, dogs living in larger family households were more likely to be
aggressive than dogs living in smaller households (Bennett and Rohlf, 2007). This may be a
reflection of owners with large families having less time to dedicate to training, exercising or
generally interacting with the dog, or it may reflect increased opportunities for inappropriate
interactions with the dog. Furthermore, the authors reported that acquisition source had a
significant influence on aggression, with dogs originating from pet shops or shelters being more
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likely aggressive than dogs coming from breeders. This agrees with Casey and colleagues
(2014), who report dogs from shelters were 2.6 times more likely, and those from "other sources"
(including pet shops) were 1.8 times more likely to show aggression towards familiar people
than dogs acquired from breeders. Increased aggression in shelter-sourced dogs might result
from the cycle of relinquishment due to behavioural issues (Wells and Hepper, 2000). Although
most animal shelters screen for aggression, screening techniques tend to have poor reliability and
predictability for context-specific aggression (as explored in a future section), so these dogs may
be inadvertently deemed suitable for adoption. The aggressive tendencies may not be displayed
until the external trigger(s) is present.

1.3.3 Summary of general risk factors
It is widely accepted that the etiology of aggressive behaviour is complicated and multifactorial; there are a variety of factors, both internal and external, that are involved in the
expression of aggression. It is unknown to what degree each of these factors contributes to
individual expression of aggressive behaviour, and it may be different for each dog. General
characteristics of dogs and owners may be important at a population level but are likely less
informative in the prediction of behaviour at an individual level, which is supported by the large
body of contradicting literature. Casey and colleagues (2014) assessed a variety of risk factors
(including sex, breed, owner characteristics, and training history) contributing to aggression in
the presence of familiar and unfamiliar humans in their model, and found that these variables
explained less than 10% of the variance between aggressive and non-aggressive dogs. This
emphasizes the importance of individual experiences, or alternative risk factors that have yet to
be considered. Furthermore, many studies generalize the type of aggression and reduce it either
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to target (e.g., aggression towards familiar people), or in some cases, simply to aggressive and
non-aggressive individuals. Aggression is almost always context-specific, and a dog that
responds aggressively in one situation is not necessarily more likely to respond similarly in
another unrelated situation (Serpell, 2008). Therefore, investigating risk factors for aggression
types based on function (characterized by separate motivations and functions) is likely to yield
more valuable results for aggression prevention, provided aggression types are properly
identified.

Limitations to aggression risk-factor studies
Owner reports are a useful source of information for studies investigating the factors
associated with aggression, due to the ability to collect large amounts of detailed data on all
lifestyle aspects of the dog at a relatively low cost. However, there is a major limitation to this
method of data collection. These reports rely on the accurate identification of behaviours of
interest, such as types of aggression, by the owner. It has been suggested that owners may have
difficulty identifying and agreeing on the classification of aggression (Tami and Gallagher,
2009), which greatly impacts the validity of studies investigating aggressive responses in dogs
due to misclassification bias. If owners are unaware their dog has aggressive tendencies and
respond accordingly on a survey, this impacts the analysis of factors influencing aggressive
compared to non-aggressive dogs.
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1.4 Competition over resources: drawing parallels to further understand canine resource
guarding
In certain situations, resource guarding may involve a perceived or real competition for
an item, whether this competition is intentional or not. Competition is a term used by ecologists
to describe the active demand by two or more individuals for a resource that is potentially
limiting (Wilson, 1975). Whether a competition is involved would depend upon the signals and
actions of the other individual and the interpretation of those signals from the individual in
control of the resource. Some dogs may recognize any individual within a certain radius as a
threat to control over the resource (i.e., a potential competitor), regardless of the individual's
signals or actions. Therefore, drawing parallels between canine resource guarding and the
literature on animal competition strategies may be useful for generating hypotheses about the
etiology of resource guarding.
Hurd (2006) argues that strategic models of competition are influenced by three distinct
properties: 1) resource holding potential (RHP), 2) relative resource value, and 3)
aggressiveness. RHP was first proposed by Parker (1974), who suggested that the two
individuals in competition assess their opponent's fighting ability relative to their own (i.e.,
"RHP") and their subsequent behaviour varies according to this assessment. For example,
competitors are likely to differ in size, development of weaponry, physiological state, experience
or position, any of which might affect the ability of each animal in a contest. Assuming both
competitors are able to assess the opponent's RHP relative to their own, the one with lower RHP
could terminate the competition to avoid costly injury (Arnott & Elwood, 2008). Strategies
involving escalation and potentially leading to aggression would be restricted to opponents
whose RHP is closely matched.
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Bradshaw (2009) argues that RHP might not be a valuable consideration for explaining
the outcome of disputes between dogs. In many competitive scenarios involving other species of
animals, relative size is a strong predictor of winner outcome. For example, cichlid fish can
detect 2% weight differences, and this predicts their interaction (Barlow et al., 1986).
Considering the weight differences between the smallest and largest domestic dog species, size
should be the most obvious indicator of RHP for dogs. However, dogs appear to pay little
attention to relative size. For example, size did not influence the outcome of encounters between
dogs meeting while being exercised (Bradshaw and Lea, 1992), nor did defensive responses vary
towards differing dog sizes following playback of a growl (Taylor et al., 2010; in this case the
authors assumed dogs can interpret relative size of dog based on characteristics of a growl, which
may or may not be accurate). Moreover, dogs use other signals for intra-specific communication,
such as body posture, head, tail and ear position, among others (Landsberg et al., 2013).
However, due to artificial selection, some dog breeds are limited in the signals they are capable
of sending, and therefore receiving, through modification or removal of structures necessary for
intra-specific communication (Kerswell et al., 2009; McGreevy and Nicholas, 1999). Goodwin
and colleagues (1997) reported that the number of different wolf-like signals in a dog breed was
negatively related to the breed's level of paedomorphosis (i.e., retention of juvenile
morphological traits in adulthood), suggesting that canine intra-specific communication has been
affected by morphological changes due to selective breeding. Therefore, RHP may have little
application towards explaining influences in domestic dog resource guarding strategies.
A second distinct property of competition concerns the value of the resource to each
contestant. It has been suggested that animals will adjust their fighting strategies when the value
of the resource has changed based on predictive models for fight duration, cost, and probability
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of victory (Enquist and Leimar, 1987). A higher valued resource will encourage a greater
motivation to fight, as demonstrated by the greater cost the animal is prepared to pay in order to
gain control over the resource (Arnott& Elwood, 2008). Thus, dogs may adjust their resource
guarding behaviour patterns based partly on the value they place on the resource. In addition, it
has been suggested that the original "owner" of the resource places an intrinsically higher value
on the resource than the "attempted usurper" (Archer, 1988). For example, in territory disputes
between male fiddler crabs, ninety percent of the fights were won by the owner of the territory
even though in the majority of the cases the intruder was larger (Hyatt & Salmon, 1978). This
may be particularly applicable in scenarios where a dog considers "ownership" of a favourite
item, such as a toy. Even though the toy may not be obviously special or valuable to other
individuals, the intrinsic value lies in the attachment of the animal to the resource (Dowds and
Elwood, 1983).
Finally, Hurd (2006) suggests aggression as a third influencing property of competition
strategy. The author suggests that aggression differs from resource value in that it is an inherent
property of the individual, a personality trait, rather than a variable motivational state.
Personality implies that an individual's behaviour displays some level of temporal consistency. In
this case, aggression refers to an individual's tendency to escalate a contest independent of RHP
and resource value. Within the human literature, there is general consensus that five main
personality traits account for the majority of the variation in people (McCrae and Costa, 2008),
but there is little agreement about the number or types of personality dimensions that explain
behavioural variation in dogs. Several authors do propose that aggression is a measurable
personality trait in domestic dogs (Careau et al., 2010; Hsu and Serpell, 2003; Jones and Gosling,
2005). Over short time periods and when exposed to a replicate situation, aggression has been
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demonstrated as a consistent behavioural response (Weiss, 2002). However, longer periods
between personality trait tests (more than twenty-four weeks) show less consistency in
personality dimension results (Fratkin et al., 2013) suggesting that while these may be fixed
traits, they are influenced by external factors to varying degrees. Therefore, there may exist an
inherent trait (either aggression or a moderating trait) that influences the individual's potential or
minimum threshold for response, but there are likely many exogenous and other endogenous
factors that contribute to whether or not an aggressive reaction is ultimately displayed in a
specific context.

1.5 Suggested methods for management and treatment of canine aggression
In cases with obvious triggers for aggression, avoiding exposure to these situations can
help prevent future aggression. For example, if a dog is aggressive towards another dog in the
household when provided with rawhides, separating the dogs through physical barriers while
they consume the rawhides may be sufficient in preventing an aggressive response (Siracusa,
2016). In addition, clear communication from the owner can help a dog interpret requests or
body language which may have previously influenced the risk of aggressive responses due to
ambiguity. Reisner (2003) suggests that dogs with a history of resource guarding can be asked to
relinquish items by trading them for a highly palatable food item. Teaching dogs to "leave it"
(not pick up an interesting item) and "drop it" (relinquishing an item already in the mouth) may
be highly useful tools to manage and reduce the risk of aggression around resources (Landsberg
et al., 2013).
In cases where management alone is not sufficient to decrease the risk of aggression,
desensitization and counter-conditioning may be carefully applied to mitigate the risk of future
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aggressive responses (Luescher & Reisner, 2008). Desensitization involves gradually increasing
exposure to a stimulus, with levels of exposure low enough to maintain a calm and relaxed
emotional state in the dog throughout all grades of increased exposure (Bowen and Heath, 2005).
Effective desensitization requires that the offending stimulus can be accurately identified and
replicated (Reisner, 2003), but in some cases it is difficult to properly identify underlying
triggers and predict when aggression is likely to occur. However, due to the high risk of injury,
the emotional nature of aggression, and the difficulty in identifying all potential triggers, the
reliability of desensitization as a treatment tool is not guaranteed (LeDoux, 1994).
Desensitization is most effective when paired with counter-conditioning techniques.
Counter-conditioning involves conditioning an alternate emotional or behavioural response to a
previously aversively-interpreted stimulus (Bowen and Heath, 2005). The aversive stimulus (i.e.,
the "trigger") is paired with something pleasant to alter the dog's emotional state, or with an
alternate and incompatible behaviour around the stimulus. The strength of the pleasant stimulus
must be greater than the effect of the aversive trigger, otherwise the dog's emotional state will
not change. For situations that evoke a strong aggressive response, pairing counter-conditioning
with desensitization may be the most effective strategy in order to ensure the pleasant stimulus is
well-received by the dog by remaining below the threshold of response (Bowen and Heath,
2005).

1.6 Methods to assess canine aggression
In order to investigate the etiology of canine aggression, individuals for study must be
accurately identified. There are several methods that researchers (and others) typically use in
order to identify aggressive dogs. These methods include, but are not limited to: owner reports,
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test batteries, and observational tests, with the latter two differentiated by a controlled
environment and testing strategy (i.e., test battery) compared to an uncontrolled but carefully
selected environment for observational tests (e.g., walking through a shopping center to assess a
dog's reaction to strangers) (Jones and Gosling, 2005). Owner reports and test batteries are the
most common methods of assessment (Jones and Gosling, 2005), and both have good
representation in the literature (e.g., Casey et al., 2014; Hsu and Serpell, 2003; Netto and Planta,
1997). Owner reports may be preferred over test batteries as they can provide information on
context-specific behaviour that may not be able to be replicated reliably in a test setting.
However, they are also potentially at risk for misclassification bias, which is a systematic error
arising from inaccurate classification of subjects (Last, 1988), a concern explained in a previous
section. Test batteries, or "behaviour assessments" as they are sometimes referred to, have
several benefits and drawbacks which will be explored in the next section.

1.6.1 Behaviour assessments
Behaviour assessments are used to test a dog's temperament or reaction to specific stimuli
or situations. The test results are used to predict how that same animal is likely to respond in a
similar real-life context based on the dog‟s response to the testing situation (Taylor and Mills,
2006). These tests are mainly used for evaluating re-homing possibilities (e.g., Taylor and Mills,
2006), categorizing dogs for research studies (e.g., van der Borg et al., 2010) and selecting
individuals for service (Weiss, 2002) or breeding purposes (Netto and Planta, 1997). However,
the accuracy of these tests in predicting future behaviour is often questioned (Bennett et al.,
2012; Segurson et al., 2005). This is of particular concern to the public when the test is tasked
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with determining whether a dog is safe for re-homing in a shelter setting. Originally, it was
suggested that four main qualities should be considered when evaluating the efficacy of any
behaviour assessment, as stated by Martin and Bateson (1993). These are: standardization,
reliability, sensitivity, and validation (Martin and Bateson, 1993). More recently, Taylor and
Mills (2006) suggested a fifth quality: practicality.
Standardization, as defined by Diederich and Giffroy (2006), refers to the administration
of the test being identical between individuals, and the only unit of change between tests is the
individual animal being assessed. Standardizing the testing procedure is important to be able to
make accurate comparisons between individuals. Test-retest reliability refers to the degree of
stability exhibited when a measurement is repeated under identical conditions (Last, 1988). It is
similarly defined as the repeatability of a test when measured within the same individual, either
immediately, or after an extended period of time (Diederich and Giffroy 2006). For example,
inter-observer agreement (also referred to as inter-observer reliability) is relevant when there is
more than one person observing and scoring a particular reaction; these scores should be
compared to ensure the observers have not unintentionally introduced an additional factor of
variation to the observation. This can be done by measuring the degree to which responses are
similar, or correlated. If possible, scores within a person (intra-observer reliability) should also
be tested to ensure the measurements are scored the same each time. If the tests are videotaped,
this may be an easy way to implement an intra-observer reliability test.
"Sensitivity", from the perspective of behaviour assessment testing, refers to the ability of
the test to be objective (Diederich and Giffroy, 2006). To address sensitivity concerns in canine
behaviour testing, pre-tests are often conducted to refine and determine the best method of
behavioural notation. In epidemiology, the term "sensitivity" refers to the proportion of truly
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diseased subjects within a population that have been identified as diseased by the test (Last,
1988). If we were to apply epidemiological sensitivity to a test for aggression, we would aim for
a test that concluded the dog is aggressive when s/he is actually aggressive. In this aspect,
epidemiological sensitivity can be thought of much in the way behaviourists consider the validity
of behavioural assessment tests. Indeed, these two terms have a tendency to appear within the
canine behaviour literature describing the same constructs (e.g., Bollen and Horowitz, 2008).
Validity refers to the ability, or degree, to which the test actually measures what it is supposed to
measure (Martin and Bateson, 1993). This can be assessed by comparing the test to some type of
„gold standard‟. When considering the appropriateness and effectiveness of any behavioural
assessment, these four primary areas should be considered and any issues addressed.
In a shelter setting in particular, the fifth quality of an assessment (i.e., practicality) is
important to ensure the assessment is feasible for quick completion and easy performance by
multiple assessors (Taylor and Mills, 2006). Generally speaking, animal shelters have limited
resources, which results in necessary limitations on employees, funds and spare time. Therefore,
when designing behaviour assessments for shelter use, practicality needs to be considered,
otherwise the test will never be utilized. The goal of these tests for shelters is primarily to
identify situations that might evoke an aggressive response, and secondly to identify dogs with
potentially manageable issues so that inferences can be made about the dog's general
temperament to aid in adoption. There are at least two different types of behaviour assessments
(or a variation on these assessments) that are commonly used throughout North America: the
Safety Assessment for Evaluating Rehoming (SAFERTM; Table 2; Weiss, 2007), and the AssessA-PetR (AAP; Table 3; Sternberg, 2006).
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Each item of SAFER is scored on a 1 to 5 scale, with higher numbers indicating
escalating signs of aggression. For example, a score of 1 indicates loose, relaxed body posture
and soft eye contact, and in contrast, a score of 5 indicates freezing, growling or biting
behaviour. This test was designed to take less than ten minutes and involves two people: the
observer, who watches the test procedure and marks the dog's scores on each item, and the
evaluator, who performs the test (Weiss, 2007). Each item in AAP is scored on a five-point
descriptive scale. The first three points are "passing" on three levels, with higher levels
indicating escalating signs of arousal or potential concern. The fourth point is labeled a "grey
area", where the dog responds to the item with intense arousal, direct and hard eye contact,
strains to leave the test area, or repeatedly lays down (i.e., avoidance). The fifth point is labeled a
"fail" if the dog responds aggressively (freezes, teeth bares, stiffens, growls, bites). This test was
designed to take approximately fifteen minutes and involves two people: the evaluator, who
performs the test, and the observer/handler, who watches the test procedure and marks the dog's
scores on each item, and handles the fake children and the leash for specific test items
(Sternberg, 2006).
Bennett and colleagues (2012) investigated the validity of the SAFER and a modified
version of the AAP (mAAP) protocols (i.e., the authors decided that if a dog were deemed unsafe
through a bite of the handler, the test would be terminated; as described in Bollen and Horowtiz,
2008). Validity was tested by comparing SAFER results against a validated questionnaire for
measuring behaviour and temperament traits in dogs, which includes a section on aggression (CBARQ: Hsu and Serpell, 2003). Owners completed the questionnaire immediately prior to
behaviour assessment of the dog. Seventy-three owned dogs were categorized into two groups
based on their C-BARQ scores (group 1: history of no or possibly mild aggression; group 2:
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history of moderate to severe aggression), and then completed both the SAFER and the mAAP
behaviour tests. Sensitivity ((Sn) defined as the probability that the test would accurately identify
an aggressive dog with a history of aggression) and specificity ((Sp) defined as the probability
that the test would accurately identify dogs without aggression as being non-aggressive), as well
as odds ratios (in this example, the odds of a dog being classified as aggressive by the assessment
test if the dog were identified as being in group 2) were estimated. Both the Sn and Sp were
higher for the mAAP procedure (Sn = 0.73, 95% confidence interval: 0.58-0.85; Sp = 0.59, 0.360.79) than the SAFER procedure (Sn = 0.60, 0.44-0.74; Sp = 0.50, 0.28-0.72), with higher odds
of a dog being correctly classified in the aggressive group for the mAAP procedure (OR: 4.1
(1.4-11.7) versus 1.5 (0.5-4.2) for SAFER (Bennett et al., 2012).
Both SAFER and mAAP had marginal sensitivity and specificity, but mAAP was more
likely to identify a truly aggressive dog in this study. After refined categorization of the dogs, the
authors concluded that the SAFER assessment was unable to identify dogs with moderate
aggression (i.e., dogs that would benefit from behavioural modification; (Bennett et al., 2012)).
Christensen and colleagues (2007) suggest that these behavioural assessments, designed for use
in shelters, do not reliably test for certain types of aggressive tendencies, such as territorial,
predatory, and intra-specific aggression. The authors report 40.9% of dogs in their test
population exhibited lunging, growling, snapping and/or biting after having passed the mAAP
assessment, post-adoption in their new home. However, Bollen and Horowitz (2008) suggest that
these assessments are still useful. At an open admission animal shelter during a 1-year study
period, the authors reported that the implementation of behavioural assessments reduced returns
for aggression from 5% (n=51 out of 1002 adopted) to 3.5% (n=36 out of 1033 adopted), with
fewer incidents of serious aggression reported. In addition, 86% of the dogs in their test
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population that failed the behavioural evaluation failed multiple components of the tests (231
failed two, 233 failed three, and 220 failed four or more components), indicating general
aggressive tendencies in these dogs. These specific behavioural tests may not be ideal for
identifying some forms of aggression, but at a minimum, seem to be useful to identify dogs that
should be removed from the cycle of relinquishment due to general and extreme severity of
aggression.
The lack of well-established guidelines for the timing of behaviour assessments following
intake has been identified as a potential source of variability impacting the validity of
behavioural assessments (Bennett et al., 2015). Dogs tested in the first few days after intake may
be experiencing acute stress due to environmental changes, while dogs that have been placed in
the shelter for several weeks and have not acclimated to the environment may be experiencing
chronic stress (Bollen and Horowtiz, 2008), either of which may affect the dog's response to the
assessment subtests. High levels of acute and chronic stress may increase the likelihood of
aggression, or alternatively, may inhibit behaviour patterns, particularly for fear-based
motivational states (Kruk et al., 2004). Klausz and colleagues (2009) reported that dogs showed
significantly less aggression within the first few days of being in a shelter compared to responses
observed two weeks later for an identical behavioural assessment test, while Beerda and
colleagues (1999) suggest that chronically stressed dogs might have a lower threshold for arousal
and are therefore more likely to show aggression when challenged.
Bennett and colleagues (2015) compared SAFER assessment subtest results of thirtythree dogs on the day of intake and after a three-day acclimation period. Agreement (estimated
by weighted kappa) from testing day zero to day four varied between subtests from 0.28 (-0.020.57) for the "look" test and 0.78 (0.45-1.0) for the "squeeze 2" test (i.e., the "squeeze" subtest
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was repeated once immediately following the first instance) (Bennett et al., 2015). Both the
"look" subtest and "squeeze 2" subtest were non-directional, with dogs equally likely to get a
higher or lower score on either day zero or four (Bennett et al., 2015). However, the authors
reported three subtests in which dogs were more likely to receive a higher score on day zero
compared to day four: "sensitivity", "tag", and "squeeze 1" (Bennett et al., 2015), suggesting the
acute stress at intake may lower their behavioural response threshold. This information has
important implications for the assessment of aggression for both shelters and scientific research,
with a higher likelihood of aggressive or excited responses when conducting a test in a new
environment.
It has been suggested that behaviour assessments are relatively valid when assessing
resource guarding aggression (i.e., aggression to people over food/rawhides/toys) (Christensen et
al., 2007). Marder and colleagues (2013) investigated the validity of a behavioural assessment
test (Match-Up II Shelter Dog Rehoming Program; includes identical assessments for aggression
around food and rawhides as described in both SAFER and AAP procedures) to predict future
aggression around food in the dog's new home. In this study, dogs were classified as either food
aggressive (FA+; indicating the dog had growled, shown teeth, snapped, lunged and/or bit during
the assessment) or not food aggressive (FA-; indicating the dog did not perform any of the above
behaviours during the assessment). Of those included in the study, twenty dogs were identified as
FA+ and seventy-seven as FA- in the shelter assessment. Three months following adoption,
owners were contacted and asked about their dog's behaviour around food items. The authors
report the positive predictive value (i.e., the likelihood that a dog displaying FA+ behaviour in
the shelter would also display FA+ behaviour at home) of the behaviour assessment as 55%
(95% CI: 31.6-76.9%) whereas the negative predictive value (i.e., the likelihood that if a dog did
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not display FA behaviour in the shelter it would also not display FA behaviour in the home) was
78% (95% CI: 67-86.6%). These results suggest that the absence of FA behaviour in the
assessment may be more informative than the presence of FA behaviour (Marder et al., 2013).
However, adopters of FA+ dogs may have been more experienced dog owners, perhaps without
young children, willing to tolerate and manage mild to moderate levels of aggression around
food. Indeed, the authors report that FA+ dogs were not adopted into homes indiscriminately;
prospective owners were screened and given counseling prior to adoption which likely helped
them manage and discourage aggressive behaviour in the home. Furthermore, sixteen dogs were
euthanized due to severe, general aggression following the behaviour assessment. Therefore, the
FA+ adopted group may have been an example of a moderately aggressive group of dogs in a
shelter environment, and given a more relaxed environmental context (e.g., a home with wellinformed owners), were less likely to respond aggressively.
An additional area of caution for resource guarding subtests involve the timing and
location of assessment. Bennett and colleagues (2015) reported approximately half of the dogs
(sixteen out of thirty-three) in the "food" subtest assessment refused to eat on day zero (the
authors suggest this is likely due to stress), but eight out of the sixteen refusals ate on day four of
testing. The authors noted that most shelters would have scored the initial refusal of food as a "1"
(i.e., the lowest score), but on second assessment, two of the eight dogs scored a "3" (i.e.,
indicating moderate aggression) (Bennett et al., 2015). This suggests an increased risk for
misclassification in certain scenarios, and in a shelter environment, dogs that refuse interest in
food should be re-tested on a different day if possible. Given these results, it is important to
consider the dogs level of interest in the object or food item for accurate assessment and consider
the potential role of acute stress in the prediction of behaviour around food.
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These studies suggest that there is room for improvement in addressing the validity of
behaviour assessments. The currently popular tests may be relatively good at identifying dogs
that are not aggressive as well as dogs that have severe, general aggression, but the tests seem to
have more difficulty identifying dogs that have mild to moderate aggressive tendencies in
specific contexts. More research should be conducted to create methods for correct assessment
and identification of this population, as these individuals are likely to respond well to behaviour
modification (Bennett et al., 2012). In addition, it is important to consider the potential effect
stress may have on the dog's behavioural response in any given environment (Bennett et al.,
2015). Researchers attempting to standardize the behavioural testing environment by inviting
owned dogs to a testing facility to determine aggressive tendencies may be introducing a
measure of variability due to environmental stressors.

1.7 Mixed methods
Mixed methods involve the application of both quantitative and qualitative
methodologies in a study (Agerfalk, 2013). Utilizing this combination can result in a more
complete understanding of the topic of study than if either method was used on its own.
Independently, both quantitative and qualitative studies have advantages and limitations
(Creswell, 2003). Quantitative studies are generally considered to be an objective approach to
studying relationships between variables. The data collected in a quantitative study are used to
look at statistical associations in order to test hypotheses and draw generalized conclusions to a
target population. Qualitative studies draw inferences from participant's perspectives of the topic,
considering participant background and experiences (Braun and Clarke, 2006). Data typically
take the form of words collected though interviews, focus groups or observations. The results of
this type of research are intended to provide in-depth understanding of the topic from the
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perspective of the participant group. This method acknowledges the role of the researcher in the
interpretation of the data and is often considered to be less objective than quantitative analyses
(Creswell, 2003).
Applying a combination of quantitative and qualitative strategies to investigate a research
topic may lead to a greater understanding of the topic and strengthen the conclusions (Mingers,
2001). The findings of a qualitative study can be used to provide deeper meaning to the findings
of a quantitative study, and likewise, the results of a quantitative study can support
interpretations of a qualitative study. When combined, the strengths of both qualitative and
quantitative study design work together to improve upon the inherent limitations in both methods
when employed independently. In this way, mixed methodology enables the researcher to
expand the depth and validity of their investigation (Venkatesh et al., 2013).

1.7.1 Questionnaires
Questionnaires provide a structured means of collecting data from large populations at a
relatively low cost (Phelas et al., 2011). Internet-based questionnaires have the additional benefit
of potentially accessing unique populations that may be hard to reach, allowing researchers to
draw information from specific communities of interest that may have otherwise been
overlooked (Wright, 2006). Relative to in-person interviews, they may provide less opportunity
to influence participant responses in the form of social desirability bias. Social desirability bias
refers to the tendency of research subjects to give socially desirable responses in the presence of
an interviewer instead of choosing responses that reflect their true feelings (Grimm, 2010). One
important aspect to consider regarding questionnaires is the reliability and validity of the
questions contained within. The results produced by the questionnaire should be reproducible
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(repeatable), and the questionnaire needs to accurately measure the phenomenon it is supposed to
be measuring (valid) (Streiner and Norman, 2003). If a questionnaire meets these criteria, it is an
appropriate means of collecting data, particularly when the researcher is concerned about
accessing specific populations of people.

1.7.2 Thematic analysis
Qualitative study methods often involve collection of data in the form of words and nonverbal expressions. In order to fully investigate and draw inferences from the thoughts of
participants, thematic analysis is commonly applied to qualitative data. This method is flexible in
that it can be used across a variety of theoretical lenses and epistemological views, and is
employed to identify themes and patterns that are common and distinct across the data (Braun
and Clarke, 2006).A theme captures important thoughts expressed within the data in relation to
the research question, and represents some level of patterned response or meaning within the
data set between participants. The ultimate goal of thematic analysis is a rich description of the
data set with the identification and relationship of extracted themes as a validating reference
(Braun and Clarke, 2006).

1.8 Thesis rationale and objectives
Canine aggression can have negative consequences for public safety, animal welfare, and
the dog-owner bond (Herron et al., 2009; Serpell, 1996; Taylor and Mills, 2007). Without
intervention, this behaviour problem frequently leads to relinquishment of the dog with an
increased risk of euthanasia for behaviour-related purposes. Understanding the motivation for a
dog to behave aggressively is vital to recommending prevention, management and treatment
techniques to dog owners.
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One of the most common forms of aggression involves the control over a perceived
valuable resource. This behaviour has been referenced as "possessive aggression", "resource
guarding", "aggression around resources", and "material" or "food-related aggression". The use
of inconsistent terminology to describe the same behaviour may impact the effectiveness of
communication between dog owners and clinicians, affect treatment and management success for
the behaviour, and inhibit research progress. Understanding the common and distinct reasons
why particular terminology is preferred among behaviour experts will provide support for a
proposal for the use of a universal term, as well as encourage the use of definitions where terms
are applied to avoid confusion and prevent misunderstanding.
Investigating the history and current lifestyle of a large population of pet dogs requires
the acquisition of valid information from the owner. In particular, surveys relying on owner
response are prone to misclassification of the outcome variable, such that the outcome of interest
to the researcher is misclassified or "diagnosed" by the owner through either misunderstanding
or lack of knowledge on the topic. It is important to provide clear descriptions and examples of
the outcome(s) of interest and ensure the owners understand and can reliably identify the
outcome(s) (e.g., resource guarding behaviour patterns) to prevent misclassification bias from
affecting the results of the study.
There are many ways an animal might attempt to control access to a resource, and
aggression is only one possible response. The limited research on the etiology of resource
guarding is primarily focused on behaviour patterns involving aggression, likely due to the risk
of public injury (Guy et al., 2001; McGreevy and Masters, 2007). However, understanding the
development and risk factors of alternative, non-aggressive behaviour patterns of resource
guarding is equally important as they may be precursors to aggressive behaviours. Causes for
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aggression are complicated and multi-faceted according to current research. Furthermore, a
review of the research on canine aggression reveals the high degree to which influencing factors
appear contradictory. Conflicting reports may be partially due to the tendency to generalize
aggressive outcomes in determining influencing factors as it is likely that different factors
contribute to different types of aggression. Further research is needed to understand the factors
associated with resource guarding behaviour patterns expressed in response to people or other
dogs.
The objectives of the series of studies in this thesis were as follows:
1) To understand expert opinion regarding the use of different terms for canine competition
around resources and develop an ethological definition for this behaviour (Chapter 2)
2) To create an identification tool for resource guarding and validate owner ability to accurately
identify resource guarding behaviour patterns (Chapter 3)
3) To identify dog, owner and environmental factors that are associated with the expression of
resource guarding behaviour patterns around people (Chapter 4)
4) To identify dog, owner and environmental factors that are associated with the expression of
resource guarding behaviour patterns around other dogs (Chapter 5)
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Table 1.1 Types of aggression included in several function-based classification schemes
Reference

Borchelt, 1983
Beaver, 1983

Dominancerelated

Conflictrelated

X

Possessive

X

7
8

Beaver, 2009

X

X

Schwartz, 1997

X

X

Overall, 1997

X

X
X

1

X

Landsberg et al., 2003

X

Landsberg et al., 2013
Bowen and Heath, 2005
Horwitz and Neilson, 2007

X
X

2

X

3

X
X

X

Haug, 2008
Houpt, 2011

X

Sueda and Malamed, 2014

X

X 12

X

PainInduced/
Irritable
X

X

X

12

X

X

X

12

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

9

X

X

6

X
5

X

X

X

10

X

X

X

X

X

9

X

X

X

X

X

9

X

X

X

X

X

X

X

X

X

X

X

X
X

X

Predatory

X

4

Luescher and Reisner, 2008

Territorial/
Protective

X

Horwitz and Mills, 2009
Reisner, 2003

Fear-related

X

X

Overall, 2013

Foodrelated

1

Referred to as "impulse control"
Referred to as "status related"
3
Referred to as "social status"
4
Referred to as "owner related"
5
Referred to as "social" or "dominance related"
6
Authors imply previously labelled "dominance related" should be re-categorized as "conflict related"
7
Referred to as "material protective"
8
Referred to as "material protective or food protective", depending on resource
9
Referred to as "resource guarding"
10
Referred to as "aggression related to resources"
11
Description includes non-food related items
12
Also described around people
2
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X

Reference

Play

Maternal

Redirected

Borchelt, 1983

Intraspecies

Learned

Pathophysiological

Idiopathic/
Impulsive

X

Beaver, 1983

X

X

X

X

Beaver, 2009

X

X

X

X

Schwartz, 1997

X 14

X

X

X

Overall, 1997

X

X

X

X

X

Overall, 2013

X

X

X

X

X

Landsberg et al., 2003

X

X

X

X

Landsberg et al., 2013

X

Bowen and Heath, 2005
Horwitz and Neilson, 2007

X

Horwitz and Mills, 2009

X

X

X
X

X
13

X

X

X

X

X

X

X

X

X

X

X

Reisner, 2003
Luescher and Reisner, 2008

X

X

X
X

X

X

X

13

Haug, 2008
Houpt, 2011
Sueda and Malamed, 2014
13
14

X

X

X

Authors state this is not a specific category of aggression, rather all types of aggression are modified by learning
Referred to as "medical"
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Table 1.2 SAFER test procedures (in order of performance)
1.

Look

Evaluator gently holds dog's head in hands and looks into the dog's eyes, with nonthreatening eye contact

2.

Sensitivity

Evaluator gently grasps handfuls of fur and skin in a firm kneading motion over the
dog's side from shoulder to hip and back two times.

3.

Tag

Evaluator tries to engage the dog using an excited voice and play movement, then
touches the dog with a finger to try to initiate play. This is repeated twice.

4.

Squeeze

Evaluator says "squeeze", then runs a hand down the dog's leg and follows by gently
squeezing between the toes using the pads of his/her fingers and repeats once.

5.

Food behaviour

The dog is given a mix of canned and dry food and allowed to start eating. The
evaluator then asks for the food and places a fake hand into the food bowl, pulling
the bowl away from the dog and withdrawing the hand. The dog is allowed to begin
eating again. The evaluator then pushes the dog's head away from the food bowl
saying "my bowl", and then gently strokes the dog's neck and body using the fake
hand before removing the bowl completely.

6.

Toy behaviour

Evaluator shows the dog a toy and tosses it to the dog and gives it time to engage
with it. The evaluator then reaches to take it using the fake hand. If the dog readily
relinquishes the toy, the evaluator offers it back one more time before finally
removing it.

7.

Rawhide
behaviour

Evaluator shows the dog a rawhide and offers it to the dog and gives it time to settle
with it. The evaluator then reaches to take it using the fake hand. If the dog readily
relinquishes the rawhide, the evaluator offers it back one more time before finally
removing it.

8.2

Dog-to-dog
behaviour

The test dog enters the room on a leash with the evaluator where the observer is
waiting with a stable, non-reactive dog on a leash. The dogs do not touch or greet
each other. The initial reaction is observed and recorded and the test dog is removed.

1
2

Based on Bollen and Horowitz (2008)
This procedure is often omitted due to the lack of an appropriate and consistently non-reactive dog
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Table 1.3 mAAP test procedures (in order of performance)
1.

Cage
presentation

The evaluator stands quietly for 5 seconds in front of the cage, then gives 5 seconds
of non-threatening eye contract, then kneels down and talks to the dog in a friendly
manner for 5 seconds.

2.

Sociability

The evaluator stands and ignores the dog for 60 seconds while holding the leash,
then strokes the dog's back three times, then sits down and ignores the dog for 5
seconds, then talks to the dog in a friendly manner for 20 seconds.

3.

Teeth
examination

The evaluator lifts the dog's upper lips and holds them for 5 seconds, and repeats this
2 times

4.

Handling

The evaluator strokes the dog's side, picks up a hind food, tugs gently on the tail,
touches both ears, wipes the dog's body with a towel, tugs the collar, presses gently
on the dog's shoulder, and hugs the dog.

5.

Arousal

The evaluator initiates play using toys with the dog for 30 seconds.

6.

Food bowl

The evaluator gives the dog a bowl of canned and dry food and allows the dog to
begin eating. Then the evaluator uses a fake hand to pet the dog's back, reaches
toward the food bowl and pushes the dog's face away from the bowl. This is repeated
3 times.

7.

Possessions

Evaluator gives the dog a basted pig's ear, allows the dog to become settled with it
and then says "drop it", and attempts to take it away with the fake hand.

8.

Stranger

A person dressed in a hat and coat knocks on the door, enters and then walks toward
the dog and makes eye contact for 3 seconds, then steps forward and reaches toward
the dog. The stranger then kneels down and talks to the dog in a friendly manner.

9.

Response to
children

A helper enters the room with a lifelike (fake) baby, then with a lifelike and lifesized toddler doll. The tester says "can my dog meet your child?", before
approaching the doll with the dog.

10.2

Dog introduction

The test dog is presented with an unfamiliar, neutral, non-reactive dog on a leash.

1
2

Based on Bollen and Horowitz (2008)
This procedure is often omitted due to the lack of an appropriate and consistently non-reactive dog
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CHAPTER TWO
A qualitative study of expert opinion on defining and clarifying the terms possessive aggression
and resource guarding

2.1 Abstract
The terms possessive aggression and resource guarding are often used interchangeably to
describe behaviour patterns used by a dog to control primary access to a perceived valuable item.
The use of inconsistent terminology may impact the effectiveness of communication between
dog owners and clinicians, affect treatment and management success for the behaviour, and
inhibit research progress. The aim of this study was to explore the opinions of canine behaviour
experts on the meaning of and preference for the terms possessive aggression and resource
guarding, as well as to develop an operational ethological definition for the preferential term
identified. Fourteen canine behaviour experts, predominantly from the United States and Canada,
participated in an online discussion board that was developed to allow anonymous open
commentary on the topic during a seven-day period. Following content and thematic analyses of
the data, we conclude that the majority of participants preferred the term resource guarding for
several main reasons: 1) ease of communication with dog owners, 2) improved owner perception
of the behaviour, and 3) inclusion of non-aggressive behaviours (e.g., avoidance-related) in the
behavioural repertoire. Considering 100% consensus was not reached regarding terminology
among experts in the field, future authors and clinicians should provide clear definitions where
terms are applied to ensure effective communication between all parties and to ensure
consistency in canine behaviour research. Based on expert contributions, we define resource
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guarding as "the use of avoidance, threatening, or aggressive behaviours by a dog to retain
control of food or non-food items in the presence of a person or other animal".

2.2 Introduction
Canine aggression is the behaviour problem most commonly referred to companion
animal specialists (Luescher and Reisner, 2008), at least in part due to the potential danger
involved in living with an aggressive dog and the advanced knowledge typically needed to
address the problem. Treatment and management advice differs between categories of aggression
(Beaver, 1983; Overall, 2013), and as such, it is important for clinicians to diagnose the type of
aggression correctly and to effectively relay that information to the pet owner. Clear descriptions
of the behaviour patterns involved are essential to proper diagnosis, and effective communication
with the dog owner is paramount to the success of the dog's treatment. Furthermore, research
efforts focused on causation or efficacy of treatments for aggression may be negatively impacted
when the type of aggression is misidentified or poorly described.
The terms possessive aggression, resource guarding and food-related aggression have all
been used to refer to a sequence of behaviour patterns that dogs exhibit to gain or maintain
primary access to a perceived valuable item when another animal or person approaches (e.g.,
Christensen, 2007; Reisner et al., 2007). It is unclear if these terms are considered to be
synonyms or if there are fundamental differences between the terms that are not explicitly stated
in the literature.
Possessive aggression is used frequently in scientific literature to describe a category of
aggression involved in defence of a resource (e.g., Horwitz and Neilson, 2007; Landsberg et al.,
2003; Overall, 2013). The descriptions in these sources share several common and distinct
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components. For example, Horwitz and Neilson (2007) describe possessive aggression as "dogs
that aggressively guard things (food bowl, rawhides, real bones, stolen or found items), or
objects (e.g. toys, stolen objects)". Landsberg and colleagues (2003) describe possessive
aggression as when "the dog barks, growls, lunges, snaps and or bites when a person or animal
approaches it while it is in possession of or near something it does not want to relinquish." The
former quote is specific regarding the objects of apparent interest, whereas the latter quote
focuses on the specific behaviours involved in the overall sequence. Both sources seem to agree
that the behaviour involves aggression around something of perceived value for the dog. Overall
(2013) separates possessive aggression and food-related aggression, distinguishing between the
two categories by item of apparent interest (e.g. food or non-food object). The author describes
possessive aggression as "aggression (threat/challenge/contest) that is consistently directed
toward another individual who approaches or attempts to obtain a non-food object or toy that the
aggressor possesses or to which the aggressor controls access." The description for food-related
aggression differs by the behaviour being exclusively executed in the presence of something
edible ("dog food, bones, rawhides, biscuits, blood, treats or table scraps"). Interestingly, the
author further remarks that food-related and possessive aggression should not be considered
"under the umbrella term of resource guarding"; the author states that this term is deleterious
and prevents veterinarians and clients from evaluating the degree of abnormality of the
behaviour and inhibits a discussion on risk assessment for future aggression (Overall, 2013).
Trends in the scientific literature may not reflect general consensus or everyday
application of preferred terminology. Comments regarding the term resource guarding in Overall
(2013) may be a recognition of the inconsistent application of the two terms or changing
preferences in the dog owner community. Luescher and Reisner (2008) refer to the behaviour
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pattern as "resource guarding (possessive aggression)" in their text without a clear description,
suggesting an interchangeable application between the two terms. An updated edition of
Landsberg and colleagues (2003) now refers to the behaviour pattern as resource guarding and
includes the original description of possessive aggression with the addition of "tense" posture in
the list of specified behaviours (Landsberg et al., 2013). Furthermore, the term resource
guarding seems to be gaining colloquial popularity and is used almost exclusively in these types
of settings, such as blogs (e.g., McConnell, 2013).The lack of standardized terminology and
descriptions coupled with the complexity of the behaviour generates areas of potential issues for
dog specialists, owners and researchers.
Although a number of recent editorials have suggested that discussion and consensus on
terminology related to companion animal behaviour is needed (e.g., Overall and Burghardt,
2006; Overall, 2008), this topic has received little attention thus far in the scientific literature. To
explore and develop an understanding of preferences for terminology and definitions among
behaviour specialists, a dynamic and interactive approach is required. One method to achieve
such understanding involves online discussion boards where participants can openly share their
views, opinions and ideas around terminology while remaining anonymous to each other.
Discussion boards are similar to focus groups in that they are facilitated by a moderator and data
are generated through participant discussion (Kitzinger, 2008). The extracted data are analyzed
using qualitative methodology, which utilize the participants' words in the context of the
discussion to gain a deeper understanding of the topic.
The objective of this study was to clarify terminology and definitions surrounding the
behaviour(s) commonly referred to as resource guarding, possessive aggression, and foodrelated aggression. More specifically, the authors sought to determine whether canine behaviour
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specialists felt the terms described different behaviours or were interchangeable. If participants
expressed that the terms were interchangeable, the authors sought to determine if a preferential
term existed and to explore reasons why the chosen term may be preferred. Additionally, the
authors sought to develop an acceptable definition for the preferential term for the behaviour
pattern based on considerations from participants. An external and long-term objective of this
research is to encourage further discussions surrounding the various uses of terminology and
definitions for similar topics which lack clarity.

2.3 Materials and Methods
The study protocol was reviewed and cleared by the University of Guelph Research
Ethics Board (REB #13JL003).

2.3.1 Participants
Originally, a two-stage survey method was employed to gather expert opinion regarding
concepts, definitions, treatment, and prevention methods for the behavioural response(s)
commonly referred to as resource guarding, possessive aggression, or food-related aggression.
Experts were identified by having an advanced degree (either Doctor of Veterinary Medicine
[DVM] or Doctor of Philosophy [PhD] in a related field) with additional professional
requirements that indicated an advanced knowledge of companion animal behaviour (i.e.,
Diplomat of the American College of Veterinary Behaviour [DACVB], Diplomat of the
European College of Animal Welfare and Behaviour Medicine - Companion Animal
[DECAWBM-CA], Certified Applied Animal Behaviourist [CAAB], or Certified Clinical
Animal Behaviourist [CCAB]). Eighty-five experts were invited to participate in the first survey

72

stage of open-ended questions. Thirty-six individuals participated for a response of 45%.
Responses from the first stage were returned to all responding participants for comment during
the second stage. Twenty-nine of the thirty-six individuals participated in the second stage of the
survey for a response of 80%. Following the second stage of the survey, the authors determined
that developing a definition and understanding the terminology preferences required in-depth
discussion with experts that extended beyond the ability of traditional survey techniques.
Twenty-nine experts participating in the previous two stages of the survey were invited to
participate in an online discussion board.

2.3.2 Procedure
Participants were invited through an introductory email which provided a link to an
online discussion board website (20|20 research, Qualboard). After completing the consent form
and initial sign-in process, a unique identifier was automatically assigned to each participant to
provide them with anonymity during the online discussion board in order to encourage honest
responses and reduce the potential influence of group pressure (Linstone and Turoff, 1975). The
discussion board initially consisted of the following three questions related to terminology: 1)
"Do you think the terms possessive aggression and resource guarding describe different
behaviours or are they appropriate to use interchangeably? Please explain", and 2) "What are
your thoughts on the use of separate terminology when referring to this behaviour when
associated with food only?" A third question was developed based on responses to the first stage
of our original two-stage survey, where we asked participants to provide us with their definition
of resource guarding or possessive aggression. We considered all responses and derived the
following definition based on a combination of the most common components drawn from all
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participants' definitions: "A dog that is displaying defensive, threatening, or aggressive
behaviours to prevent a person or other animal from gaining access to a food or non-food
object." During the online discussion, participants were provided with this definition and asked
3) to comment on components of the definition they would like to have changed, or provide their
own complete definitions. These questions were released simultaneously to participants at the
beginning of the study period. The discussion board was open for seven days during which
participants were encouraged to post comments on their own time schedule. They could either
respond directly to the moderator‟s three questions, or post responses to other individual's
comments.
In addition to the three initial questions posed by the moderator, one probing question
was posed to participants by the moderator on day three during the online discussion to explore
perceived variability in participants‟ definitions of aggression. Participants were asked "How do
you define the word "aggression"? Please consider specific behaviours in your response." On day
6 of the discussion board, the main points of the discussion were summarized by the moderator
and presented back to all participants for a 24-hour period in order to provide a final opportunity
for clarification, confirmation of the discussion or any final thoughts from participants. The final
completed discussion board was downloaded in text documents for analysis.

2.3.3 Data analysis
In order to fully understand the data and address the research questions, the author
performed both content and thematic analyses on the text-based data. Content analysis identifies
and counts specific words or ideas expressed within the data whereas thematic analysis is used to
identify, code and categorize primary patterns that evolve from the data (Mayan, 2001; Braun
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and Clarke, 2006). Comments on the proposed definition were reviewed using content analysis
in order to identify and quantify suggested changes. Data resulting from the terminology
discussion were also initially reviewed using content analysis to identify the number of
participants that used the terms possessive aggression and resource guarding interchangeably or
independently, as well as the number of participants preferring to use separate terminology when
describing the behaviour around food only.
Inductive thematic analysis was used to gain an understanding of the reasoning for the
preference of terminology. The process of thematic analysis involved seven major phases
(summarized in Table 2.1). The first phase required familiarization of the data in order to
understand the depth and breadth of the content (Braun and Clarke, 2006). This included
repeated reading of the data set and the creation of notes for reference during subsequent steps.
The second phase involved the creation of "codes" from each line of data in order to organize the
raw data into meaningful groups (Braun and Clarke, 2006). The third phase involved the
refinement of the number of codes used to represent the data such that each code was unique;
initial codes were assessed to determine if any codes shared meaning and could therefore be
combined. Inter-coder reliability was conducted to support the rigor of the coding process at this
stage. Once the codes were refined, an unbiased individual (with no prior knowledge of or
contribution to the discussion board) used the codebook established by the author to review and
code the same text documents arising from the discussion board. Coding was compared between
the author and second coder and disagreements were discussed. If an agreement could not be
reached by consensus, the code was deemed a true disagreement. Inter-coder agreement was
calculated using a simple Cohen's Kappa (as suggested in Hruschka et al., 2004), which accounts
for agreement beyond chance.
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The fourth phase began once codes had been refined and the list considered complete by
multiple parties. This phase involved re-focusing the analysis at the broader level of themes by
sorting and collating the codes with consideration of how they may combine to form an
overarching theme (Braun and Clarke, 2006). At the end of this phase, a list of candidate themes
and sub-themes had been generated, and a sense of the relationship between the themes and subthemes had begun to emerge. This relationship was further refined in phase five and six, when a
thematic "map" was generated to highlight the relationships between the candidate themes and
sub-themes, and clear definitions and names were given to each theme and sub-theme. In phase
seven, the themes were finalized through review of the original data set to ensure each theme and
sub-theme captured the breadth and depth of the data. This phase also included a written final
report, in which a concise account of "the story" of the data was provided by describing
information gathered within and across themes (Braun and Clarke, 2006). Examples of the data
were also provided in the final report, which were chosen based on ability to capture the essence
of the theme, sub-theme, or point being demonstrated in the text.

2.4 Results
Inter-coder reliability was calculated to be 0.92, indicating a high level of agreement .
Fourteen individuals (out of twenty-nine) participated in the online discussion for a response of
48%. Four individuals were male and ten were female. Five individuals held a PhD with
certifications in either AAB or CAB, seven held a DVM and were either Diplomats of ACVB or
ECAWBM-CA, and two individuals held both a DVM and PhD and were Diplomats of ACVB.
The majority of participants (n=13) resided in the United States or Canada.
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2.4.1 Creating a definition
Twelve of the fourteen participants suggested changes to the initially proposed definition
for resource guarding or possessive aggression (Table 2.2). Half of those participants (six out of
twelve) suggested that the definition should include specific behaviours (e.g., "growling,
snapping, biting") instead of using an inclusive term open to misinterpretation (e.g.,
"threatening" or "aggressive"). These six individuals proposed a variety of specific behaviours,
including: body blocking (one out of six), rapid ingestion (two out of six), submissive postures
(two out of six), lip lifting (two out of six), grabbing the item and running away (three out of
six), stiffening (three out of six), barking (five out of six), growling (six out of six), lunging (six
out of six), snapping (six out of six), biting (six out of six). All suggestions of specific
behaviours were either preceded by "for example", or concluded with "etcetera" indicating their
proposal represents a sample of all possible behaviours to be included in the behavioural
repertoire.
The use of the word "defensive" in the proposed definition also received a lot of attention
from participants. Five participants discussed the merit of including the word in the primary
definition or using it in a modifier, which could be added or subtracted from the definition
depending on the body posture of the dog and the context of the behaviour. A few of these
participants (three out of five) suggested that threatening and aggressive behaviours could be
offensive or defensive, and one individual suggested these terms could be applied on a case-basis
to help describe the dog's body posture. One individual suggested that the motivation for the
behaviour is defensive, and thought the definition should include examples of a defensive
response. For instance, this participant suggested the following: "Resource guarding is a
behaviour motivated by the defence of valuable resources, as perceived by the dog. It can be
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displayed as a purely defensive response (e.g., running away with valuable items)... or as an
overtly aggressive response (e.g., growling, barking, lunging and biting)." In response, another
individual disagreed and stated that the observed behavioural response may be a reflection of
past encounters in which the dog was previously punished in a similar scenario and the
behavioural response is often more complicated than the defence of a resource. Another
participant agreed and mentioned that motivation for the behaviour does not belong in an
ethological definition.
One-third of the twelve participants who suggested changes to the initially proposed
definition mentioned the importance of considering underlying affect (e.g., anxiety, as a
component of resource guarding or possessive aggression for some dogs) and adding a
subsequent modifier to describe associated body postures such as fearful body postures when
anxiety is involved. For example, one participant stated, "...adding something like, 'at times
fearful, submissive or deferent body postures may be associated with the behaviour when anxiety
is a component".
Use of the word "valuable" was debated by a few individuals. Two individuals had a
preference for incorporating the word into a definition, suggesting that the item(s) hold some
degree of value to the dog based on their unwillingness to relinquish the item. Two other
individuals felt that this word is anthropomophic and assumes what the dog might be feeling
toward the item or about the situation in general and suggested that use of the word "valuable" is
either avoided or preceded by the word "perceived" (e.g., "perceived to be valuable", or
"perceived threat to maintaining possession of the object").
The word "item" was suggested as a replacement for the term "food or non-food object"
by two individuals. Alternatively, two individuals stated that the term "non-food object" and
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"item" are both too vague and instead they should be described in separate categories as items
the dog can physically "take into possession (e.g., pick up in mouth) or possess in another way
(e.g., lying on the couch or sitting near an individual)." There was some discussion regarding
whether resource guarding or possessive aggression is a sub-category of territorial aggression as
one participant defined a territory as "any defended area", and suggested that "people, areas,
objects, food, etc." can all be defended or guarded. Three participants disagreed with this view,
with one stating they believe aggression in defence of an area (specified as a "yard, home or
car") or person is not correlated with aggressive behaviour around food, objects or sleeping and
resting places. Another participant remarked they are unclear about whether people are being
"possessed" or "guarded" when a dog behaves with threats or aggression upon approach by
another person or other animal. One participant supplied an alternate definition of a territory as,
"a fixed area from which an individual animal excludes rival intruders by some combination of
advertisement, threat and attack (Brown, 1971)", and stated that "territorial behaviour involves a
whole other set of behaviours that don't belong under the topic of resource guarding (e.g., scent
marking)".
Complicating the development of a definition was the division in agreement over
possessive aggression and resource guarding being synonyms or terms requiring separate
definitions. For example, one participant provided separate definitions for resource guarding and
possessive aggression, stating: "Resource guarding involves using a variety of behaviours for the
purpose of maintaining possession of a particular resource. Possessive aggression is the use of
aggressive behaviours in order to maintain possession of a particular resource". Another
participant expressed their confusion over the use of separate definitions as they believe the
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terms are interchangeable and refer to the same pattern of behaviour. All suggested
modifications to the originally proposed definition are summarized in Table 2.2.

2.4.2 Terminology preference amongst participants
Eleven (out of fourteen) participants thought the terms resource guarding and possessive
aggression described different behaviours, with the majority (seven out of eleven) further
expressing the belief that possessive aggression described a more specific version of the
behaviour and is only applicable when aggressive behaviours are involved. Two of the eleven
individuals mentioned, unprompted, that they recognize the terms are often used interchangeably
but they do not consider them to be synonyms. Two participants (out of fourteen) consider the
terms to be synonyms and thus consider it appropriate to use the terms interchangeably. One
participant did not provide a direct response to this topic.
When asked about the use of separate terminology for the behaviour pattern when
associated with food only, the majority of participants (twelve out of fourteen) agreed the use of
a separate term is unnecessary. A few participants stated they prefer not to complicate
terminology further by using a separate term specific to one type of resource. Several other
participants stated that they believe the motivation remains the same regardless of the type of
item being "guarded" and therefore the use of separate terminology is not meaningful. Three
participants discussed that dogs may consider items other than what we consider to be food
edible (such as a paper towel) and thus, it is inappropriate to ascribe a specific term when
assumptions are being made about the item category. A little more than half (eight out of
fourteen) of the respondents mentioned that they would use a subheading with their preferred
term to describe the item or context more specifically for treatment and management purposes,
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but that using a completely separate term was unnecessary. Only two participants thought it was
important to use separate terminology when describing food-related aggression. In support of
this view, these two participants referenced published literature suggesting the existence of
separate brain pathways mediating aggression around food compared to other objects (example
provided: Siegel et al., 1999).

2.4.3 Reasons for terminology preference
The inductive thematic approach revealed two primary themes relating to the use of
terminology around resource guarding and possessive aggression: interpretation of the words
used in a term and level of knowledge. Figure 2.1 provides a thematic map highlighting the
relationships among the identified sub-themes and themes.

Theme 1: Interpretation of the words used in a term
More than two-thirds of all participants (eleven out of fourteen) felt that a term that
includes the word “aggression” characterizes a relatively specific behaviour sequence that
requires an aggressive response. During this discussion, a debate developed amongst participants
in relation to the definition of aggression. A little more than half of the participants included both
threatening (described as behaviours that serve to increase distance between subject and target,
such as staring, growling, and baring teeth) and harmful behaviours (described as behaviours that
result, or are intended to result, in harm such as lunging, snapping and biting) in their description
of aggression, while the remainder included only harmful behaviours in their description of
aggression. In addition, several respondents reported that a client's interpretation of the words
used in a term and their concern for owner perception of the behaviour influenced their term
choice. In particular, the term possessive aggression was discussed most often in relation to a
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client‟s interpretation, with a handful of participants expressing concerns about an owner‟s
misinterpretation of the motivation of the behaviour when the term is used potentially leading to
the mistreatment of the dog by the owner.
Sub-theme: Use of the word "aggression”
Eleven (out of fourteen) respondents suggested that the word “aggression” within the
term possessive aggression has an influence on the perception, meaning, and application of the
term. Specifically, these participants stated that possessive aggression was not a broad enough
term to include the behaviours of “body blocking” or “grabbing an item and running away with
it”. For example, one respondent stated "I always use resource guarding, which is a broader term
than possessive aggression. A dog may in fact guard just by staring and/or body blocking without
showing an aggressive response". Respondents considered the inclusion of the word
“aggression” to limit the referenced behaviour to the aggressive form, and for some, the use of
the word "aggression" in the term implied a more severe form of the behaviour. For example,
one respondent stated "...some animals will guard the resource without overt aggressive
responses but will freeze and hover. I tend to use both terms ... but when the dog becomes more
threatening I may use possessive aggression but at times have also used resource guarding
aggression."
Three respondents (out of fourteen) disagreed with other participants‟ rationale for
distinguishing between terms with and without the word “aggression”, stating that inclusion of
this word should not be a limiting factor for the meaning of the term as aggression can include a
range of behaviours not limited to snapping or biting. For example, one respondent stated "... I
don't think just because the word „aggression‟ is used in the category name, that is a good
rationale to distinguish it from resource guarding - which can also include threats and/or
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aggression". Among participants, a division on the definition of aggression was evident which
seemed to contribute to the disagreement respondents expressed in relation to using the terms
resource guarding and possessive aggression.
Generally, participants‟ discussions of the definition of aggression were divided into two
categories: 1) actions that harm or intend to harm the other participant, or 2) threats and harmful
actions that primarily serve to increase distance between themselves and the other participant.
Respondents participating in the latter discussion expressed concern about defining and using the
word aggression to only mean "intent to harm" as it implies planning on the part of the dog. One
individual acknowledged and responded to this concern by stating, "Obviously we cannot 100%
know an animal's intent, I use it as „obvious intent‟ which includes anything from lip lift and
growl to bite." When asked to provide specific examples of what distinguishes between threats
and harmful behaviour from another participant, responding individuals generally agreed that
"growling, teeth baring, and freezing" are examples of threatening behaviour, whereas
"snapping, lunging, and biting" are all examples of harmful actions. Two participants admitted
that the line between threatening and harmful behaviour is not always distinguishable; aggression
lies on a continuum and the dog's ultimate response will be a result of the dogs' experience,
genetics, and the behaviour of the other individual. To validate the two group's contradictory
opinions on the definition of aggression, one participant cited numerous quotes from the
literature that reflected a similar, long standing level of disagreement on the definition of the
word "aggression" within the scientific literature. These quotes included: "the term aggression
has so many meanings and connotations that in effect it has lost its meaning ... it is not a simple
unitary concept and therefore cannot be defined as such (Johnson, 1972)."; "The word
'aggression' is widely used and misused in a variety of contexts (Scott, 1975)"; and, "The
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solution to the problem of 'aggression' is simply to treat the word as a convenient, loosely
defined aid to communication ... recognizing that we cannot provide an adequate definition and
that we are probably lumping together a number of diverse phenomena (Dewsbury, 1978)".
Sub-theme: Understanding motivation
Almost two-thirds of respondents (ten out of fourteen) mentioned the importance of
understanding the motivation for the behaviour, both for themselves (treatment and management
advice) and for owners. Several participants provided their interpretations of the motivation
behind resource guarding, which included the following participant definitions: "a resource that
the dog is guarding from other individuals being able to obtain", an "attempt to maintain
control/ownership of an item", and "protection of a high-value item". These participants all
stated their preference for the use of the term resource guarding over possessive aggression due
to the potential for motivation to be interpreted more accurately by owners. For example, one
participant stated, "I always use resource guarding... the term resource guarding underlies the
motivation for the behaviour, making the owner understand that the dog is protecting a high
value item." Two respondents warned that it is inappropriate to assume motivation, and that
motivation may be different for each dog even though the behaviour has the same or similar
appearance.
Sub-theme: Concern for owner perception
Ten respondents referenced concern about lay persons‟ general perception of a behaviour
due to the words within the applied term. All of these individuals were concerned about the
owner misinterpreting the dog's motivation to perform the behaviour, and ultimately were
concerned about the reaction of the owner. This concern was primarily focused around the use of
the term possessive aggression with owners. According to three participants, the word
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“possession" is particularly misleading; owners may interpret this word as an indication that the
dog is vying for inappropriate ownership of the item resulting in a necessary competition
between the owner and dog for the item. For example, one respondent stated "I think that the
term 'possession' may have misleading meanings (the same way the term 'dominance' does), and
may induce the owner to engage in dangerous confrontations with the dog to determine who
'possesses' something".
In addition, five participants expressed their concern with using a term with the word
"aggression", specifically when using it to describe an intention of harmful behaviour. One
participant was concerned that representing aggression in this light might lead to mistreatment of
the dog during owner attempts to control the dog‟s actions. Specifically, this individual stated
"this terminology... may be deleterious in that it may contribute to inappropriate treatment of
aggression problems (combative/confrontational techniques/punishment)". Participants
suggested that terms that include the word aggression might be avoided because of the negative
connotation. For example, one participant stated "A lot of people seem to want to use 'resource
guarding' because it doesn't sound that bad, that if the dog had 'aggression' that the dog is a bad
dog." Not all respondents felt it necessary to avoid terminology based on its potential perception
by owners, even though they recognize that many professional people may do so. For example,
one respondent stated "Possessive aggression explains the dog is displaying aggression, which
can vary in intensity, etc. I don't think the word 'aggression' is a bad word, but it is often avoided
when some people talk with owners."
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Theme 2: Level of knowledge
The majority of participants (twelve out of fourteen) identified differences in the way
they relay information between colleagues (e.g., DVMs or PhDs with behavioural expertise) and
clients (i.e., pet owners) with respect to behaviour issues. Two subthemes related to level of
knowledge were identified: level of detail or explanation and ease of communication.
Sub-theme: Level of detail or explanation
Seven (out of fourteen) participants stated that they use the same terminology with
presumed lay-persons as they do with experts; however, they take the time to go into more detail
with lay individuals when explaining the behaviour. For example, one participant stated "I would
do a lot more explaining to clients (than colleagues), pointing out the details of their dog's
behaviours and the context(s) in which they occur but the language would remain the same." For
these individuals, the depth of explanation about the behaviour relies on the perceived
knowledge level of the audience in order to communicate more efficiently. In addition, as
discussed previously, a few other participants indicated that they would avoid using certain terms
that might have associated negative connotations with clients, such as the word “aggression”, in
order to appease clients or avoid misunderstanding.
Sub-theme: Adjusting language to ease communication
Five (out of fourteen) participants indicated that when speaking with dog owners they
adjust their terminology to match that of their audience in order to ease communication.
Participants who consider aggression to include "harmful or harm-intending behaviours only"
recognized that most dog owners define aggression more broadly and include behaviours such as
growling and teeth baring when discussing aggressive behaviour. These participants suggested
that although they may use strict ethological definitions of aggression when discussing the
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behaviour with colleagues, generally they find themselves adjusting their definitions and
language use when discussing the behaviour with clients and dog owners in order to ease
communication and attempt to prevent misunderstanding. For example, one respondent stated
"with colleagues... I use very specific ethological definitions and descriptions. With clients and
DVMs without behavioural expertise, I use aggression in the way that most people outside the
field do - any behaviour that makes people concerned about a bite or an actual bite. It's not great
to use different definitions, but to be practical, I always try to speak the language of the listener."

2.5 Discussion
2.5.1 Developing a definition
Ethology studies generally focus on the following four main areas, or questions, as
proposed by Tinbergen (1963): evolutionary history, development, causation and function. The
apparent function of a behaviour (i.e., the consequences of the behaviour) is often included in
operational definitions of animal behaviour (Martin and Bateson, 1993). For example, Broom
and Fraser (2007) define competition as "the striving of two or more individuals to obtain a
resource that is in limited supply". In this example, the immediate function of the behaviour is
the resulting access to a limited resource. The apparent function of resource guarding or
possessive aggression is the control of an item. Given that the consequence of the behaviour
pattern is likely to be the same regardless of the specific behaviours that occur (e.g., running
away with an item vs. snapping or biting) a complete description of the behaviour pattern should
allow for extension of the definition beyond aggression alone. In a clinical setting, it might be
advantageous to distinguish between behaviours that have been displayed in different contexts in
order to assess and mitigate future risk of aggression, however, we propose that the operational
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definition be inclusive of those behaviours that support the apparent function of the behaviour
pattern.
Although half of participants preferred the inclusion of specific behaviour examples in
the definition, the use of a finite list of examples in this context is likely to be too rigid and,
therefore, limiting. It is possible that conflicting behaviour patterns or those not commonly
observed may be used by the dog for the same functional purpose of retaining control of an item;
thereby the dog's behaviour pattern is functionally representative of resource guarding or
possessive aggression but would not be labelled as such based on the absence of key behaviours.
Furthermore, an ethogram for this behaviour pattern does not currently exist in the scientific
literature, so there is insufficient data on which to base inclusion of specific behaviours in the
definition. Indeed, when participants proposed specific behaviours for inclusion in the definition
they either preceded their list with "for example" or concluded their list with "etcetera", which
indicates the list was not exhaustive. For these reasons, we propose to include only broad terms
in the general definition at this time. As more definitive research is completed, the definition
may be augmented with an ethogram that further defines the specific behaviours that relate to
each of these broad terms.
One area that received much attention by participants was the discussion around inclusion
of the words "defence" or "defensive" in the definition. Participants seemed to be using these
words in two different ways, with one group considering "defence of the resource" as a
motivation for the behaviour, and the other group considering "defensive" as a way to describe
the behavioural response (i.e., "defensive body postures"). The latter group debated whether the
behaviour pattern could also appear offensive, with the majority of participants agreeing that
aggressive behaviour could be either offensive or defensive. It was suggested that it might be
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important to identify which was occurring through the use of a modifier in the definition in order
to infer the emotional state in the dog. Historically, offensive and defensive aggression in
animals have been distinguished by attack patterns and bite locations (e.g., Blanchard et al.,
1977), and are suggested to have different situational determinants, emotional and motivational
states (Weinshenken and Siegel, 2002) and therefore differing associated body postures.
However, no scientific studies to date have assessed the emotional states of dogs in the context
of resource guarding or possessive aggression, so it is not possible to infer emotional states in
this context at this time. In addition, when put into practice, these modifiers would need to be
added to a definition post-response by the dog, and would require direct observation to
distinguish between offensive and defensive behaviours or would rely on the ability of the
assessor, often likely to be the dog owner, to accurately describe or identify body postures.
Furthermore, some behavioural responses may be ambiguous, including both offensive and
defensive components. For these reasons, we felt the terms defensive and offensive did not
belong in a definition of the behaviour.
One of the biggest challenges in developing a definition that is likely to be widely
acceptable to the canine behaviour community revolves around determining which items,
objects, areas and individuals should be included. Participants in the current study were varied in
their preferences with suggestions to replace "food or non-food object" with the word “item”, to
include a separate indication for food, to limit items to those that can be physically held [in the
mouth], and to include larger things such as resting areas or people. However, each change was
only suggested by one or two people. The literature follows with similar variation. Some authors
are non-specific in their descriptions; for example, "food or other resources" (Bennett et al.,
2012; Reisner et al., 2007) and "food" (for food-related aggression) and "non-gustatory items"
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(for possessive aggression) (Overall, 2013). Other authors have shown varying degrees of
specificity, including: "food, rawhide or toys" (Christensen et al., 2007), "territory, owners or
other animals" (Haug, 2008), "food bowls, chew toys, people, pets or places" (Landsberg et al.,
2013), and "food bowls, rawhides, real bones, stolen or found items, toys and stolen objects"
(Horwitz and Neilson, 2007). It seems unclear in both the literature and within participant
discussions whether the behaviours of dogs around people and large areas are serving a similar
function as behaviours around small objects that can be manipulated. Alternate interpretations
(e.g., fear-related, territorial) may suggest the motivation or function of those behaviour patterns
differ from those employed to retain control of relatively small food and non-food items. This is
a topic in need of further scientific investigation, therefore we opted to exclude people and areas
from the current definition. With further evidence to the contrary, the definition should be
refined.

2.5.2 Terminology preferences
Participants on the discussion board expressed a variety of perspectives about the use and
meaning of the terms resource guarding and possessive aggression. Most experts initially
expressed the belief that the terms possessive aggression and resource guarding described two
different behaviour patterns. However, upon analyzing the experts‟ discussion it became clear
that the majority of experts believe possessive aggression describes a more specific sub-set of the
behaviour pattern and is limited to the expression of aggressive behaviours. The majority of
individuals participating in this discussion preferred the term resource guarding over possessive
aggression for a variety of reasons including a broader inclusion of behaviours, a greater
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potential for dog owner understanding and relatively positive dog owner perception of the
behaviour (see Overall, 2013 for a contradictory argument).
A number of participants expressed the belief that dogs use strategies other than
aggression to maintain control of valuable items in support of their preference for the term
resource guarding. Examples mentioned include grabbing an item and running off with it and
rapid ingestion of an item (i.e., avoidance strategies). These types of non-aggressive strategies
are rarely mentioned in the literature when describing the behavioural response. Perhaps these
behaviours are of less concern to owners (and clinicians) due to their relatively low risk of
injury, and thus are seldom presented to a behaviour specialist and not widely considered in
reference book descriptions of resource guarding and possessive aggression. This focus on
aggression may be why the term possessive aggression has been used more frequently in
reference manuals than resource guarding, and the description of the behaviour almost always
includes the use of aggression (e.g., Horwitz & Neilson, 2007; Overall, 2013).
Although anecdotal, experts suggested that many dog owners react negatively to the term
possessive aggression due to the owner's perception of both words within the term. One of the
topics that received the most discussion was whether the word “aggression” unduly influences
the meaning of the term for owners, inhibiting their understanding that avoidance behaviours can
also be displayed and that the behaviour is often normal (Archer, 1988). Furthermore, there was
an underlying concern among participants about owner perception of the behaviour when the
word “possessive” or “possession” was applied, fearing that owners might misinterpret the
behaviour as a competition with the dog over item ownership, potentially leading to the
application of positive punishment-based training methods. These concerns seem to parallel
some of the discussion surrounding the labelling of a "dominant" dog. Historically,
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confrontational techniques have often been employed to make a "dominant dog" submit to the
owner or to reinforce the dog's dominant position to other household dogs (Kerkhove, 2004).
Research suggests that the application of confrontational training techniques (e.g., using a shock
collar or hitting) is associated with and can exacerbate aggressive behaviour (e.g., Blackwell,
2008; Herron et al., 2009). Recent position statements from a variety of veterinary organizations
disagree with these practices (e.g., American and Canadian Veterinary Medical Associations,
Australian Veterinary Association, American Veterinary Society of Animal Behaviour) and it
seems reasonable to be concerned about the impression of any word that might inadvertently
imply the need for confrontational techniques.
Concern over term perception likely contributed to several participants‟ belief that the
term resource guarding better communicates the motivation of the behaviour, with the aim of
promoting owner understanding about the normal nature of the behaviour and ultimately
decreasing the chance that performance might result in conflict between the owner and the dog.
Several of these participants provided their interpretation of resource guarding motivation.
These suggestions had only slight variation between them and were generally described as
"guarding", "protection", or "control" over high-valued items. Several other participants were
displeased with these suggestions, stating that motivation cannot be known or at the very least,
generalized to all dogs exhibiting the behaviour. It appeared that these individuals were
concerned with knowing the motivation beyond the desire to maintain access to a resource (i.e.,
hunger, primary access).
One area that did not have much variation in response involved discussion around the use
of the term food-related aggression. This term has been used throughout the literature to describe
an aggressive behavioural response towards a person or other animal when a dog has a food item
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(e.g. Bowen and Heath, 2005; Overall, 2013). The vast majority of participants believe that using
a separate term to describe resource guarding and possessive aggression around food is
unnecessary and further complicates the issue. Participants mentioned that food is often narrowly
interpreted by humans and that dogs may find items edible that we would not consider to be
food. This is an interesting point and one that challenges the literature referenced by another
participant that suggests there is different brain circuitry involved in mediating food-related
aggression from other types of aggression. The cited reference does suggest there are two
distinct neural circuits that mediate two different kinds of aggression (in rats and cats), 'defensive
rage' and 'predatory attack' (Siegel et al., 1999). It is unclear which of these two types of
aggression the participant was comparing to food-related aggression although one might assume
predatory attack as it is the natural method of obtaining food (even though predation is directed
at the food item, rather than a potential food stealer). Although predation has been listed as one
category of aggression by a few authors (Borchelt, 1983; Blackshaw, 1991), Archer (1988)
argues there are only two broad functional types of aggression: resource competition and
reactions to danger. Neither of these involves predation.

2.5.3 Limitations
A range of opinions on the topic were gathered and analyzed in this study. Due to the
nature of the discussion board it was difficult to obtain depth from all participants; some
individuals provided deeper opinions and a greater number of comments than others as a result
of visiting the discussion board more frequently than their peers. In addition, the results may not
reflect the opinions of all experts in the field of canine behaviour. Considering there are
approximately sixty DACVB Veterinarians and thirty CAABs in North America we achieved

93

representation from approximately 16% of this particular population. Furthermore, it is unknown
if all participants recognized English as their first language. Differences in word use and
understanding may have impaired some discussions. However, the unique nature of the online
discussion board format allowed participants to express themselves freely and anonymously,
while qualitative analysis allowed for exploration on areas of agreement and disagreement
amongst experts on components of a definition and terminology used to refer to a relatively
common behaviour "problem" that would not have been obtained through other research
methods.

2.6 Conclusion
As Overall (2008) states, "If what we call something affects the way we think about it and it does - then what we call it is essential." The majority of participants indicated that they
prefer the term resource guarding rather than possessive aggression, suggesting that resource
guarding provides a kinder perception of the behaviour, is easier to communicate to dog owners,
and better represents the potential for behaviours other than aggression to be exhibited during the
behavioural sequence (e.g. avoidance-related behaviours). Based on discussion among
participants, we propose the following definition for resource guarding: "The use of avoidance,
threatening, or aggressive behaviours by a dog to retain control of food or non-food items in the
presence of a person or other animal". As more scientific research is conducted on this topic we
welcome refinement to this proposed definition. Employing consistent definitions and
terminology when referencing this behaviour pattern will help ensure consistency and progress
for future research and will help to avoid confusion between clinicians and clients.
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Figure 2.1 Thematic map of themes and sub-themes emerging from the terminology discussion

Level of knowledge

Interpretation of words used in term

Use of the word "Aggression"

Concern for owner perception
Ease of communication

Understanding motivation

Level of detail/explanation

Definitions of aggression
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Table 2.1 Description of the seven phases of thematic analysis
Phase
1. Familiarize yourself with the data

Description of the process
Read and re-read the data, note down initial ideas

2. Generate initial codes

Code interesting features of the data in a systematic fashion across the entire
data set, collating data relevant to each code

3. Refine codes

Consider codes that may overlap; create a notebook with codes and
descriptions of each code. Check inter-observer reliability with a person
unfamiliar with the data

4. Search for themes

Collate refined codes into potential themes, gather all data relevant to each
potential theme

5. Review themes

Ensure the themes relate to the data set. Generate an initial thematic "map"
of the analysis to visually represent the relationship between the themes

6. Define and name themes

Refine the specifics of each theme. Generate clear definitions and names for
each theme

7. Produce the report

Consider the themes in relation to the original dataset and relate the map to
the research question and literature to ensure the data has been fully
captured. Produce a scholarly report of the analysis including examples of
the data to support each theme's description

Adapted from Braun and Clarke, 2006
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Table 2.2 Content analysis of agreement and disagreement to the proposed definition by participants
Number
Agree:2
2

1
6

Included Behaviors
Defensive, threatening or
aggressive1
Additions:
Tense body posture
Specific behaviors 3

Context-specific inclusions:
Anxious behaviours 4
Classified as defensive or
offensive
1
Deferent or submissive

Number
Agree:2
2

Target
Person or other animal1
Additions:

1

Context-specific inclusions:

2
3

2

Substitutions:
"Changes in affect"; used as a
blanket term
Agonistic behaviours

1

Avoidance (replace defensive)

2

Deletions:
Defensive should not be
included

1

Number
Agree:2
4

2

1

Substitutions:
Another individual

2
2
1

Deletions:
1

1

Underlying affect or motivation
Prevention of loss, desire to
maintain1
Additions:
Defence (as the motivation)

Context-specific inclusions:
Anxiety (as a component)

Substitutions:
Maintaining control of "valued"
resource
"Perceived" valued resource
control
"Perceived" potential loss to
possession
Deletions:
Should not include motivation in
a definition

Number
Agree:2
2

Object/item types
Food or non-food object1

2
2

Additions:
People
Resting and sleeping
places (e.g. couches)

1

Territories (i.e. "area")

Context-specific inclusions:

2
2

2

Substitutions:
"Item" preferred to nonfood object
Distinction for items dog
can/not hold in mouth

Deletions:
People and territories
should not be included

The text in grey represents components of the originally proposed definition that had suggestions for alteration among participants. The original proposed definition was:
“A dog that is displaying defensive, threatening, or aggressive behaviors to prevent a person or other animal from gaining access to a food or non-food object".
2
The "number agree" represents a count of individuals that either proposed the respective component or agreed with a previous participant regarding the component
proposed.
3
e.g., taking item and running off, rapidly consuming item, stiffening and hovering over it, lip lifting, barking, growling, lunging, snapping, biting
4
e.g., lip licking, yawning, averting gaze, freezing
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CHAPTER THREE

Ability of owners to identify canine resource guarding avoidance, rapid ingestion, threatening
and aggressive behaviours

3.1 Abstract
Canine resource guarding (RG) describes the behaviour used by a dog to achieve or maintain
control over a perceived valuable item. Three distinct behavioural patterns of RG have been
proposed; rapid ingestion (i.e., rapid consumption of an edible item), avoidance (i.e., positioning
of the head or body to maintain item control, or location change with the item) and aggression.
Research and clinical treatment has been mainly focused on aggression forms due to the potential
for harm to people and other animals. However, rapid ingestion and avoidance patterns are
equally important since they may be precursors to aggression, with owner response being an
important influencing factor. If this hypothesis is correct, accurate owner recognition of all
patterns of RG behaviour is an important first step in preventing future aggression around items.
The aim of this study was to determine if dog owners were able to accurately identify types of
RG behaviour patterns, and if additional dog experience influences this ability. Dog owners (n =
1438) were recruited to watch videos, each involving different examples of RG behaviour
patterns, and asked to identify each of the categories they observed. Four canine behaviour
experts independently validated the videos, prior to the study, for the type of behaviour pattern(s)
displayed. Data were analyzed using multi-level logistic regression in Stata 13. Dog owners were
more likely to correctly identify the presence or absence of biting aggression compared to all
other RG behaviour patterns (p < 0.001). Owners were significantly more likely to correctly
identify the absence of a behaviour pattern (i.e., rule out the pattern's existence) compared to the
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presence of a behaviour pattern (p < 0.001). Owners that reported having an advanced
knowledge of dog behaviour (p < 0.01) or had participated in professional dog training classes (p
< 0.01) were significantly better at correctly identifying RG behaviour patterns. The results
suggest owners are relatively good at identifying obvious RG aggression but need to improve
their ability to recognize other patterns of RG. Future research is needed to examine whether
identification can be improved through alternative methods of training. In addition, as a next step
owners need to be educated on appropriate methods to prevent escalation of RG behaviour when
it is observed.

3.2 Introduction
Canine aggression is a serious problem for both humans and animals in current society,
as evidenced by the large number of reported human bite injuries, referrals to canine behaviour
specialists, and reasons given for relinquishment to animal shelters (Overall & Love, 2001;
Salman et al., 2000). The majority of dog bites are reported to be delivered by the victim's own
pet in the context of routine daily activities, such as feeding and play (Weiss et al., 1998). Biting
is a potential risk in living with a companion dog, and recognizing early warning signs and
situations that trigger aggressive behaviour that may lead to a bite is an important component to
minimizing that risk (De Keuster& Jung, 2009). Biting is often preceded by threatening
behaviours such as growling, body tension, freezing and teeth baring (Archer, 1988). These
behaviours are important indicators of and precursors to harmful biting behaviour.
Biting and threatening aggression are behaviour patterns that can be expressed by a dog
to retain control over a resource (Overall, 2013). Other patterns of behaviour exist for the same
functional purpose and have been confirmed through expert opinion (Chapter 2) and exploratory
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analysis of behaviour (Appendix B). These include avoidance (e.g., blocking access to an item
through head or body movements, or grabbing an item and running away with it), and rapid
ingestion of an edible item. Collectively, these patterns are often termed "resource guarding"
(Haug, 2008). It is currently unknown if non-aggressive behaviour patterns are precursors to
aggressive behaviour or if they are simply alternative, context-specific strategies dogs employ in
order to maintain control of an item. Identification of and passive response to non-aggressive
patterns of behaviour in the context of resource guarding may decrease the potential for future
aggressive responses, as hypothesized by Landsberg and colleagues (2013). However, this has
yet to be empirically demonstrated in the literature. In order to fully understand the causes and
consequences of different forms of resource guarding in dogs, it is first necessary to ensure
proper identification in affected animals.
Canine body language is the most important tool for interpreting a dog's reaction in any
given situation (Beaver, 1999). Dogs use visual signals, such as changes in body posture and
facial expression, to instantaneously communicate their responses to changes in their social
environment (Simpson, 1997). It has been suggested that a person's inability to correctly read
warning signals emitted by a dog is a critical factor in the occurrence of severe aggression
towards that person (Mertens, 2002). Therefore, in certain circumstances, aggression around
resources might be preventable provided proper recognition and reaction to precursory behaviour
are exercised. There are relatively few scientific papers describing the abilities of general lay
people to correctly identify dog behaviour. Bahlig-Pieren and Turner (1999) reported that people
interpreted facial expressions of fear and curiosity in dogs with over 80% agreement. Tami &
Gallagher (2009) report that their participants were relatively successful at identifying and
agreeing on fear, friendliness and play solicitation, but had difficulty identifying and agreeing on
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the classification of aggression, confidence and play sequences. These results are concerning
given that aggression is the most dangerous behavioural issue facing dog owners.
The aim of this study was to determine if dog owners were able to correctly identify four
different categories of resource guarding behaviour from a sample of video recordings of dogs‟
responses to standardized tests for aggression. To fully test the accuracy to which owners can
identify between these behavioural categories, we tested the correct identification of both the
presence (i.e., the existence of a particular behaviour category within the video) and absence
(i.e., the lack of existence of a particular behaviour category within the video) of each behaviour
category. For the purpose of this study, two of the four categories of resource guarding behaviour
investigated involved different displays of aggression: 1) threats involving growling, freezing,
body tension and teeth baring, and 2) aggression involving biting and snapping. The two
additional resource guarding categories investigated were avoidance and rapid ingestion. We
hypothesized that dog owners would be less likely to correctly identify the more subtle forms of
resource guarding, such as avoidance, rapid ingestion and threatening behaviour compared to
biting and snapping behaviour, and that those with additional dog experience would be better at
identifying all patterns of resource guarding behaviour. The results from this study were used to
inform an identification tool for dog owners for a subsequent study investigating the relationship
between these four categories of resource guarding (Chapters 4 and 5).

3.3 Materials and Methods
All procedures were submitted and approved by the University of Guelph Research
Ethics Board (#13JL006) and Animal Care Committee (Animal Utilization Protocol #2566) prior
to the start of this study.

105

3.3.1 Questionnaire development and validation
Collection of videos
During initial questionnaire development, forty-four videos of dogs being tested for
behaviour around food and rawhides were made using protocols from the Safety Assessment For
Evaluating Re-homing (SAFER). All testing was conducted by the same assessor who was
trained and certified by the American Society for the Prevention of Cruelty to Animals (ASPCA)
for SAFER testing, and who had five years experience conducting SAFER testing. Videos were
collected at two locations: a shelter and a teaching veterinary hospital. Rooms within both
facilities were empty aside from the individuals participating in the test and the testing
equipment. The shelter room was approximately 10 feet x 10 feet, whereas the room within the
teaching hospital was approximately 30 feet x 40 feet. Camera locations and angles were
standardized within each facility, selected to obtain the best view of the dog's entire body.
The following standardized protocols for behaviour testing were used during video collection for
this study:
1) Food test- The dog was offered a mix of canned and dry food and allowed to start eating.
After three bites, the evaluator then asked for the food saying "can I have this?", while pulling
the bowl away from the dog using a fake hand, then allowing the dog to eat again. The evaluator
then pushed the dog's head away from the bowl twice each time saying "my bowl", then stroked
the dog's head and neck using the fake hand before removing the bowl.
2) Rawhide test- The evaluator showed the dog an unbasted rawhide, offered it to the dog and
allowed the dog to engage with the rawhide. The evaluator then reached with the fake hand to
take the rawhide. If the dog did not surrender the rawhide, the evaluator reached for it a second
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time. If the dog readily gave the rawhide back to the evaluator, she returned it to the dog one
final time before removal.

Evaluation of behaviour categories by experts and selection of videos
Following video development, four veterinarians with expertise in companion animal
behaviour (identified as Diplomats from the American College of Veterinary Behaviourists
(DACVB)) were recruited to watch the videos. Videos were hosted on the online survey website
Fluidsurveys. Video presentation order was randomized between participants. Experts
independently watched each video and grouped the video into one of five behavioural categories.
In the presence of multiple categories, experts had the option of indicating more than one
category was present. An ethogram describing each behavioural category was provided to the
experts (Table 3.1). Additionally, a long-text box was provided following the presentation of
each video for experts to make additional, open comments about the behaviour of the dog in any
particular video. Videos that received 100% consensus between experts in all categories were
used in the final dog owner questionnaire (n = 16 videos). All categories of resource guarding
were represented by a minimum of three videos, with several videos including more than one
category (Table 3.2).

3.3.2 Dog owner recruitment and questionnaire
Participant inclusion criteria included individuals over the age of 18 who were primary
dog owners (defined as being an individual with the daily responsibilities of dog ownership, such
as feeding and exercising the dog). Initial advertisement for the study were posted to Facebook,
Kijiji, Craigslist, and Ontario Veterinary College listservs. Snowballing techniques were used to
advertise the survey to dog owners through the use of social media. This method relies on
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referrals of participants and is utilized to reach groups of people that might not be easily
accessible through more traditional means (Atkinson and Flint, 2001; Biernacki and Waldorf,
1981). Therefore, recruited individuals were encouraged to share the survey with acquaintances.
Dog owners were given a brief tutorial prior to the start of the survey, which included
video examples of each behaviour and written descriptions of each behavioural category (Table
3.1). None of the example videos for the tutorial were included in the 16 experimental videos.
Participants were able to return to the tutorial page at any point during the survey.
Fifteen versions of the survey were created in order to achieve a semi-random order of
distribution of the videos to each participant, such that not all participants watched all videos to
decrease the amount of time required to complete the survey. Each version of the survey
included seven videos from the following three groups: 1) five randomly selected videos, each
displaying one of the five different expert-confirmed categories of resource guarding (n=5), 2) an
additional video, randomly selected from one of the categories, was included to assess test-retest
reliability (n=1), and 3) one video displaying a three-category combination was included to
assess the effect of multiple occurrences within the same video (n=1). Upon initial survey access,
a random number generator assigned each participant to one of the fifteen versions of the survey.
Within each survey version, video order was randomized for each participant. A single video was
displayed on each page of the survey, and participants were asked to identify which of the five
behaviour categories of interest were being displayed by the dog in the video. The same five
behavioural categories provided to the experts were also provided to the dog-owner participants.
Dog owners were coded correct for the behaviour category when they properly identified
the presence of a behaviour or the absence of a behaviour in the given video. For example, if the
video contained three categories: aggression, rapid ingestion, and threatening behaviour, a
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participant would be considered correct for each of the three respective behaviour categories
occurring in the video by indicating their presence in the video. Participants were also
considered correct for each of the two remaining categories (i.e., avoidance and no resource
guarding), by not indicating their presence in the video.

3.3.3 Analysis
To account for the non-hierarchical data collection method (i.e., the semi-random
selection of multiple videos tested by each participant), we used a multi-level logistic regression
(Stata 13) (StatCorp, College Station, TX)) to determine the association between the following
independent variables and the dog owner's ability to correctly identify the presence and absence
of the five behavioural categories in each video: behavioural category type (aggression, rapid
ingestion, avoidance, threats, and no resource guarding), category presence or absence (i.e., for
each video, each behavioural category was either present or absent according to experts), selfreported advanced knowledge of dog behaviour, past dog-related employment experience,
attendance at professional dog training classes, and experience consulting with a companion
animal behaviour expert.
The multi-level logistic regression included random intercepts for participant and video
with a cross-classified correlation structure. A manual forward selection procedure was used to
identify a main effects model with a requirement of a p-value less than 0.05 for a variable to
remain in the model. Potential confounders (i.e., an extraneous variable that has an association
with the independent variable(s) and the dependent variable) were assessed by measuring the
change in the coefficients (in log odds scale) with removal of each potential confounder. A
twenty percent change or more in the coefficients was used to identify a confounding variable
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(Dohoo et al., 2003). When the selected main effects were finalized, all biologically plausible 2way interactions were tested for significance, which included: 1) potential interactions between
the presence or absence of each behaviour category, 2) attendance at a professional dog training
class and the ability to correctly identify each behaviour category, and 3) self-identified
advanced knowledge and the ability to correctly identify each behaviour category. Where
significant interactions were noted amongst the categorical variables, contrast statements were
used to describe the relationships between groups with different combinations of the model's
interacting terms. To assess the fit of the model, we assessed the normality and homogeniety of
variance of best linear unbiased predictors (BLUPS) using a normal quantile plot and by plotting
the predicted outcome against the BLUPS, respectively. Pearson residuals were also assessed
visually to identify any potential outliers.

3.3.4 Interpretation of odds ratios
Logistic regression uses a logit transform of the probability of the outcome (in this case,
the probability of correctly identifying the presence or absence of a behaviour category). The
coefficient value is the log of the odds of the outcome, which can be converted into an odds ratio
(by exponentiating the coefficient) for easier interpretation. An odds ratio greater than 1 indicates
a positive association between the independent variable and the outcome. An odds ratio equal to
1 indicates no effect, while an odds ratio of less than 1 indicates a negative association or sparing
effect between the independent variable and the outcome. For a dichotomous independent
variable, the odds ratio represents the odds of the outcomes increase (or decrease) when the
independent variable is present. Independent variables with multiple categories are converted
into a series of indicator variables minus one category. Each indicator variable represents the
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effect of that level compared to the category not included in the model (i.e. the "baseline"
category, or "referent" category) (Dohoo et al., 2003).

3.4 Results
3.4.1 Demographics
A total of 1438 individuals completed the survey. The majority of participants indicated
residence in Canada or the United States (U.S.) (n = 1025), with 667 residing in Canada and 358
in the U.S. Ten individuals resided outside North America, with five residing in the United
Kingdom, two in Australia, two in Italy, and one in Poland. The remaining participants (n = 403)
did not supply their country of residence. Three hundred and seven individuals reported having
advanced knowledge of dog behaviour and 143 reported having past or present employment
experience related to dog care (dog trainer (n = 73), animal technician (n = 50), veterinarian (n =
15), dog groomer (n = 5)). Eight hundred and eight participants reported having had attended
professional dog training classes, and 574 participants reported having had consulted with a
companion animal behaviour expert. No information regarding participant gender or specific age
was collected.

3.4.2 Descriptive statistics
Descriptive statistics were used to obtain the proportion for the correct identification of
the presence and absence of each overall behavioural category (Table 3.3). Based on average
proportions, participants were able to identify the absence of a behavioural category to a
relatively high degree in comparison to the presence of a behavioural category. With the
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exception of the presence of threatening and rapid ingestion, all categories had proportions
correct equal to or higher than 80%.

3.4.3 Final model
The final model included behaviour category type, the presence or absence of the
behaviour category, attendance at a training class and self-reported advanced knowledge. Odds
ratios, 95% confidence intervals and corresponding p-values for the main effects and interactions
are presented in Table 3.4. There was one significant interaction found between behaviour
category type and category presence or absence. Examining the relationships within the
significant interaction, the difference between participants correctly identifying the presence or
absence of threatening behaviour was not significant (Table 3.5). For all other behaviour
categories (aggression, avoidance, and rapid ingestion), dog owners were significantly more
likely to recognize the absence of the behaviour category rather than the presence of the
behaviour category. Further examining the relationships within the significant interaction,
participants were more likely to correctly identify the presence of aggression than any other
behaviour category in all comparisons (Table 3.5). Participants were also more likely to identify
the presence of threat behaviour than rapid ingestion and avoidance, and the presence of
avoidance behaviour than rapid ingestion. Similarly, participants were more likely to identify the
absence of aggression than all other behaviour categories in all comparisons, as well as the
absence of rapid ingestion compared to threats and avoidance (Table 3.5).
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3.5 Discussion
Overall, dog owners were more likely to correctly identify the presence or absence of
aggression compared to all other behavioural categories. Although not statistically comparable,
owners were able to correctly identify the lack of resource guarding (i.e., a dog behaving
"desirably" around resources) to a similar degree. This suggests that owners can distinguish
between a dog displaying resource guarding aggression and a dog that is not exhibiting any form
of resource guarding relatively well. Dog owners had more difficulty correctly identifying the
more subtle forms of resource guarding presented in this study (i.e., avoidance, rapid ingestion
and threatening behaviours) relative to aggression.

3.5.1 Owner ability to correctly identify between categories
In this study, the category of aggression was limited to biting and snapping behaviour. A
separate category was created to include the behaviours of growling, teeth baring, freezing and
body tension, labelled as 'threatening' behaviours. Dividing threats and aggression into two
separate categories allowed for a more specific investigation on the ability of dog owners to
identify these behaviours compared to previous research (e.g., Tami & Gallagher, 2009). Our
results suggest that dog owners are good at identifying biting and snapping behaviour, but have
relative difficulty identifying more subtle aggressive behaviours such as growling, teeth baring,
freezing and body tension. Threatening behaviours are important for dog owners to identify
because they are generally observed immediately prior to biting and snapping (Archer, 1988).
Proper identification and response to threatening behaviour by the dog owner could help
decrease the risk of being bitten (De Keuster and Jung, 2009).
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Interestingly, owners were able to identify the presence of threatening behaviour better
than the presence of rapid ingestion and avoidance, but identifying the absence of threatening
behaviour (i.e., correctly observing a lack of threat behaviours in the video example) proved to
be more challenging than identifying the absence of the other two categories. Dog owners may
be more sensitive to the presence of behaviours that indicate a potential threat of harm than
behaviours that are relatively benign towards people, such as rapid ingestion and avoidance. The
threat behaviour category consisted of four behaviour examples with instructions to participants
that if any one of the behaviours were observed within the video they should select this category
as being present. It may have been relatively more challenging for participants to definitively
rule out the existence of one or more of the subtle behaviour patterns that collectively make up
the threatening behaviour category, thus resulting in difficulty identifying the absence of the
threatening category compared to rapid ingestion and avoidance, which are both defined by only
one behaviour type.

3.5.2 Owner ability to identify the absence or presence of each category
Dog owners were able to better identify the absence of a behaviour category rather than
the presence of that behaviour category for rapid ingestion, aggression and avoidance categories.
A particularly large difference was observed between correctly identifying the absence of rapid
ingestion compared to the presence of that behaviour. This suggests it is easier for dog owners to
correctly identify when a dog is eating at a normal speed compared to when the speed of eating
increases. Similarly, dog owners were better at correctly identifying the absence of aggression
rather than the presence of aggression (although both were identified with relative consistency
overall). As mentioned previously, this study limited the behaviour category of aggression to
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only include biting and snapping, which appear to be relatively obvious behaviours to dog
owners in both presence and particularly absence. It may be easier for owners to definitively
observe a lack of aggression whereas a snap (i.e., a bite that does not make contact) may have
had the potential of being misidentified as a threat by participants. Identifying the absence of
avoidance was also relatively easier for dog owners compared to identifying the presence of that
behaviour. Avoidance is generally identified through movement of a dog (either through
locomotion or body position) to avoid an object's removal. Dogs that remain completely
stationary are not exhibiting avoidance, and this may have been a relatively easy cue for dog
owners to acknowledge. Although no significant difference was identified, there was a
numerically higher odds of owners identifying the presence rather than the absence of threat
behaviours. In four videos, threatening behaviour was observed in combination with aggressive
behaviour (biting or snapping). It is possible that participants found this category to be more
clearly identifiable when it was paired with a more obvious behaviour, such as biting, thus
elevating the number of correct identifications. In contrast, ruling out the existence of all of the
behaviours that collectively make up the category of 'threats' may have been relatively more
challenging. These results suggest educational efforts for owner identification of aggressive
behaviour should focus on behaviours indicative of threats (i.e., behaviours generally occurring
prior to a bite).

3.5.3 Effect of owner expertise
It has been suggested that hands-on experience with dogs may help people to correctly
interpret dog behaviour (Bahlig-Pieren and Turner, 1999). One of the requirements for
participation in this study was dog ownership, thus all participants should have had a baseline
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level of hands-on experience with dogs. However, some participants had additional experience
that surpassed general dog ownership, which proved to have a positive effect on their ability to
correctly identify behaviour categories. This is similar to results reported by Diesel and
colleagues (2008), who suggest that people with formal training or more than eight years of
experience with dogs are more consistent in agreement of their assessment of dog behaviour. In
the current study, individuals that reported attending professional training classes or had selfidentified advanced knowledge of dog behaviour were more likely to correctly identify the
behaviour categories than those that did not report these additional experiences with dogs. While
having 'self-identified advanced knowledge' was not further explained or defined, the data
suggest those identifying with this question have extended knowledge beyond employment
experience as this factor was not significant in our model.
In a study by Tami & Gallagher (2009), no differences were found between veterinarians,
dog trainers, dog owners and non-dog owners in their description of dog behaviour. That study
required participants to score the behaviour of a dog on a video using a list of eight adjectives
(indifferent, fearful, confident, friendly, submissive, defensive, playful, aggressive). These
adjectives were presented to the participants without definition or description, and the authors
acknowledge a potential issue in the overlap of interpretation for some of the adjectives. The
descriptions and examples we provided to participants left no room for external interpretation of
the behavioural categories of interest, which may have resulted in a better representation of the
differences between individuals with and without additional dog experience. However, the small
degree (i.e., the small, albeit significant, odds ratio) to which additional experience had an effect
on behaviour identification was surprising. It is possible that our tutorial served to balance the
differences between experience levels to a lesser degree than exists in reality. It has been
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demonstrated that educational programs do improve dog owner ability to correctly interpret risk
scenarios involving aggression (Wilson et al., 2003). Although our tutorial may have served to
improve our participants ability to correctly identify the behaviour categories overall, we still
found significant differences between groups having different levels of experience. This suggests
there is room for improvement in identifying dog behaviour by gaining additional experience or
knowledge.

3.5.4 Limitations
It is possible that the behaviour of the SAFER tester influenced respondents‟ category
choices, inadvertently cueing into the presence of an unwanted response. However, the tester was
experienced in controlling reactions to attempt to provide a standardized procedure between
dogs, and sound was edited from the videos in case there was a verbal cue from the tester
regarding an observed behaviour. Therefore, this effect should have been minimized.
Furthermore, the breeds of dogs represented in the video examples varied considerably, but
lacked a large enough sample size to allow meaningful statistical analysis. Potential differences
between videos (i.e., between dogs) were controlled for during analysis by including a random
effect for video. However, it is possible that variation in coat colour, coat length and breed of
dog may have influenced some participants' interpretation of behaviour for certain videos. It has
been suggested that people view large, dark coloured dogs to be more threatening than pale
coloured or small dogs even though the context in which the person viewing the dog is the same
(Blecker et al., 2013). Furthermore, pit bull breeds are more likely to incite fear and avoidance in
people relative to dogs of small, medium and large size without features "related to
dangerousness" (Gazzano et al., 2012). While this study did not have any examples of pit bull
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breeds, there were three German Shepherd dogs which are frequently considered to be a breed of
increased risk for aggression and thus may be perceived as being more threatening compared to
the other breeds represented in this study (Gershman et al., 1994). These underlying biases may
have evolved partially from differences in breed characteristics that obscure critical visual
signals, such as docked tails and cropped ears. This effect may have influenced the participants
in this study to some degree. However, German Shepherd dogs were represented in three
different categories, and thus, potential effects should be minimized. Future research should
investigate breed characteristics that might influence owner interpretation of these behaviour
categories.
Furthermore, the ability of owners to identify specific resource guarding categories may
be over-estimated in this study relative to reality, in which it is not possible to pause and replay a
behavioural reaction. The videos chosen for this study demonstrated clear examples of each
behavioural category of interest, whereas in reality, conflicting behavioural reactions can be
displayed which may make identification more challenging. However, the rigor to which each
video was selected increases the internal validity and is one of the major strengths of this study.
Four canine behaviour experts independently identified the presence of the behaviour
category(ies) expressed by each dog, and only those videos which achieved 100% consensus on
each category were included in this study. While some owners may have had greater difficulty
correctly interpreting the behaviour of certain breeds (or breed characteristics), the videos did
provide validated representations of the behaviour categories of interest.
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3.6 Conclusion
Resource guarding is one of the most common behaviour problems reported by dog
owners to canine professionals (Landsberg et al., 2013). Dog owners are most concerned with
resource guarding aggression, which involves the potential for harmful actions towards a person
or other animal when attempting to maintain control over an item (Chapter 2; Overall, 2013).
However, avoidance and rapid ingestion are additional types of behaviour patterns that dogs may
use to maintain control of an item (Appendix B). These types of resource guarding may be
precursors or indicators of potential future aggression depending on a variety of intervening
factors, including owner behaviour, therefore identifying these types of resource guarding is
important. Our study indicates that owners are very good at identifying biting and snapping
behaviour, but are relatively less effective at identifying avoidance, rapid ingestion and threats
(e.g., growling, freezing, body tension, and baring teeth). Future emphasis should be placed on
education programs to help owners identify early warning signals and reduce the risk of harmful
behaviour through appropriate owner response.
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Table 3.1:Ethogram provided to experts and dog owners providing a description of each
behaviour category
Behaviour Category
Avoidance

Description
The dog holds on to the item in their mouth and actively avoids the item's removal by
moving his head or body away from the person who is trying to take the item, OR the
dog grabs the item and runs away with it.

Rapid Ingestion

Compared to the dog's normal (initial) speed of eating, the dog's speed of eating is
increased with larger bites; often there are no gaps or pauses between bites. The dog's
head is lowered and sometimes appears pressed into the food bowl.

Threats

The dog appears stiff and tense overall. The dog may show a hard stare, growl, bare
teeth, or freeze.

Aggression

The dog snaps or bites (rapid opening and closing of jaws in the air or on skin) at a
person, animal, or other object (e.g., a fake hand).

No Resource Guarding

The dog's body is relaxed and appears loose and potentially wiggly. Tail may wag at
times and remains in a neutral position. The dog does not show any rapid ingestion,
avoidance, threatening or aggressive behaviours.
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Table 3.2 Video details including categories of resource guarding and breed of subject dog
Video ID

Categories Identified by Experts

Breed of dog in video1

1

Aggression, Rapid Ingestion, Threat

Border Collie

2

Aggression, Threat

Chihuahua

3

Aggression, Threat

Wheaton Terrier

4

Aggression, Threat

German Shepherd

5

Threat

Golden Retriever

6

Rapid Ingestion, Threat

German Shepherd mix

7

Threat

Black Labrador mix

8

Threat

Border Collie

9

Avoidance, Threat

Jack Russell Terrier

10

Avoidance

Yellow Labrador mix

11

Avoidance

Chihuahua mix

12

Rapid Ingestion

Pug

13

Rapid Ingestion

Puggle (Pug x Beagle)

14

No Resource Guarding

Corgi Mix

15

No Resource Guarding

German Shepherd

16

No Resource Guarding

Jack Russell Terrier

1

As best identified by researchers
"Mix" after primary breed indicates the dog is not a purebred but the researchers cannot clearly
identify other breeds. Multiple representations of the same breed is a coincidence, each video
represents a unique dog.
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Table 3.3: Average proportions for the correctly identified presence and absence of each
behavioural category
Behaviour Category

Presence

Absence

Proportion Correct

Proportion Correct

Aggression

0.85

0.96

Avoidance

0.80

0.91

Rapid Ingestion (RI)

0.64

0.92

Threats

0.74

0.82

0.87

---

No Resource Guarding

1

1

Removed from subsequent analyses as "No resource guarding" absent is the same as indicating an alternate
category's presence.
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Table 3.4: Final multi-level logistic regression model of factors influencing owner ability to
correctly identify resource guarding behaviour categories
Variable
Behaviour

Categories

OR

1

95% CI

P-value

Aggression
Referent
Rapid Ingestion
0.67
0.57
0.79
<0.001
Avoidance
0.24
0.18
0.25
<0.001
Threats
0.19
0.16
0.22
<0.001
Absence/Presence1
Behaviour Absent
Referent
Behaviour Present
0.61
0.51
0.73
<0.001
Interaction terms1
Aggression*Absent
Referent
Rapid Ingestion*Present
0.29
0.23
0.36
<0.001
Avoidance*Present
1.26
0.97
1.65
0.081
Threats*Present
1.87
1.52
2.31
<0.001
Attend training class
No
Referent
Yes
1.08
1.02
1.15
0.008
Advanced knowledge
No
Referent
Yes
1.13
1.04
1.22
0.003
1
These exponentiated coefficients cannot be interpreted independently as they are part of a significant
interaction. See table 3.5 to interpret the interaction effects.
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Table 3.5: Owner accuracy of identifying the presence or absence of resource guarding
behaviour categories
Contrast statements

Categories1

OR

95% CI

P-value

Behaviour present vs.
absent

Threats, Present vs. Absent
Avoidance, Present vs. Absent
Aggression, Present vs. Absent
RI, Present vs. Absent

1.15
0.78
0.61
0.18

0.99
0.65
0.51
0.15

1.32
0.93
0.73
0.20

0.07
<0.001
<0.001
<0.001

Behaviour category
comparison: present

Present, Aggression vs. RI
Present, Aggression vs. Avoidance
Present, Aggression vs. Threats
Present, Threats vs. RI
Present, Avoidance vs. RI
Present, Threats vs. Avoidance

5.15
3.71
2.82
1.82
1.39
1.31

4.49
3.02
2.50
1.64
1.14
1.09

5.90
4.55
3.18
2.03
1.68
1.57

<0.001
<0.001
<0.001
<0.001
<0.01
<0.01

Absent, Aggression vs. Threats
Absent, Aggression vs. Avoidance
Absent, RI vs. Threats
Absent, RI vs. Avoidance
Absent, Aggression vs. RI
Absent, Avoidance vs. Threats
1
The second category is the referent

5.15
3.71
2.82
1.82
1.39
1.31

4.49
3.02
2.50
1.64
1.14
1.09

5.90
4.55
3.18
2.03
1.68
1.57

<0.001
<0.001
<0.001
<0.001
<0.01
<0.01

Behaviour category
comparison: absent

127

CHAPTER FOUR
Factors associated with the expression of rapid ingestion, avoidance and aggressive resource
guarding behaviour in response to the presence of people

4.1 Abstract
Resource guarding involves the use of specific behaviour patterns to control access to an item of
potential "value" to the dog. Of particular concern are patterns involving aggression, due to
safety concerns, but other patterns of resource guarding (RG) behaviour are prevalent and
include avoidance (i.e., positioning of the head or body to maintain item control, or location
change with the item) and rapid ingestion (i.e., rapid ingestion of a consumable item). Current
research has not investigated the etiology of RG aggression in depth, nor have the additional
patterns of resource guarding been considered. Dog owners (n = 3068) were recruited through
social media to answer questions regarding dog- and household-related factors, as well as their
dog's current and past behaviour around resources in the presence of people. Participants were
screened for their ability to identify different forms of resource guarding from video, and were
removed from the study if they incorrectly identified any of the videos provided. This resulted in
a final sample of 2,207 participants representing information for 3,589 dogs. Multiple multi-level
logistic regression models were developed to determine the association between independent
variables of interest and each pattern of resource guarding. Dogs with higher levels of
impulsivity were more likely to display avoidance, rapid ingestion and aggressive RG (p <
0.001), and dogs with higher levels of fearfulness were also more likely to display RG
aggression (p < 0.001). Neutered males (p < 0.01) and mixed breeds (p < 0.05) were more likely
to be RG aggressive compared to dogs of other sexes, neuter statuses, and breeds. Teaching
dogs to reliably "drop" items when requested was associated with a reduced likelihood of RG
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aggression (p < 0.01) and avoidance (p < 0.001). Furthermore, the addition of palatable bits of
food during mealtime was associated with a increased likelihood of less severe RG behaviour (p
< 0.01), whereas removal of the food dish during mealtime was associated with an increased
likelihood of expressing more severe or frequent RG behaviours (p < 0.05). Relationships
between the three types of RG patterns were varied, suggesting that RG behaviour patterns are
flexible when humans are involved. The results highlight various factors that might predispose
dogs to RG behaviour and potential methods for prevention of RG aggression, and can serve as a
basis for future longitudinal RG research to establish causation.

4.2 Introduction
Resource guarding is one of the most common types of aggression expressed by dogs
(Haug, 2008), and is considered a problem behaviour by many pet owners (Pirrone et al., 2015).
Resource guarding is used by a dog to achieve or maintain control of an edible or non-edible
item, and it may involve a perceived or real competition for an item, whether this competition is
intentional or not (Archer, 1988). This behaviour is observed widely across a range of species
(Archer, 1988), and is considered part of the normal canine behavioural repertoire (Miklosi,
2009). However, not all dogs express this behaviour to the same extent, if at all, and the
underlying reasons for this variability are currently unknown. Resource guarding aggression has
been reported to be observed in puppies as young as 8 weeks of age (Guy et al., 2001;
McConnell, 2013), which suggests a likelihood of a varying level of predisposition as external
experiences will have had a restricted amount of influence at this point in time. Indeed,
Landsberg and colleagues (2013) suggest that some dogs are more or less predisposed to this
behaviour, particularly around food; however, at a minimum, eliciting stimuli are necessary for
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the behaviour to occur and it is likely that other external factors also influence a dog's likelihood
to express RG behaviour.
The limited research on the etiology of resource guarding has been primarily focused on
behaviour patterns involving aggression directed toward people (Guy et al., 2001b; McGreevy
and Masters, 2007). However, this may be a narrow approach considering at least three patterns
of RG behaviour appear to exist (Appendix B): RG rapid ingestion, which involves rapid
consumption of an edible item, RG avoidance, which involves blocking access to an item
through body position or location change, and RG aggression, which involves behaviours such as
growling, baring teeth, snapping or biting.
Bowen and Health (2005) suggest that the type of RG behaviour pattern expressed is
related to the strength of the dog's motivation to possess an item. The term 'motivation' is used to
describe the interaction of internal and external processes that arouse and direct behaviour
(Toates, 2002). According to Arnott and Elwood (2008), motivation to control a resource is
related to the value the animal places on that resource. A more highly valued resource increases
the potential for a relatively more intense fight, as demonstrated by the greater cost the animal is
willing to pay to gain control over the resource (Arnott and Elwood, 2008). Thus, dogs may
adjust their behaviour patterns based partly on the value they place on the resource. Bowen and
Heath (2005) suggest that the motivation to possess an item is dependent on the item's level of
intrinsic or extrinsic value. The authors explain that intrinsic value involves survival resources
such as food, is independent of a social context, and is more likely to be fixed on some level that
may vary between individuals, whereas extrinsic value involves possession for means of eliciting
attention or demonstrating control and may be learned through interactions. Bowen and Heath
(2005) further hypothesize that intrinsic and extrinsic value are influenced by a variety of other
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factors, such as hunger or competition. To date these hypotheses have not been tested in
companion dogs.
One of the factors suggested to influence the dog's behaviour around resources involves
the owner‟s attitude, approach, and interaction with the dog in possession of a resource (Overall,
2013). For example, Vas and colleagues (2005) report that the behaviour of dogs in reaction to a
stranger approaching in either a threatening or friendly manner was influenced by the behaviour
of the person; dogs repeatedly showed the same pattern of behaviour towards a person depending
on the manner of approach. In further support of this theory, it has been proposed that aggressive
patterns of resource guarding may evolve from non-aggressive forms of the behaviour
(Landsberg et al., 2013). Landsberg and colleagues (2013) suggest that owner reaction following
the first observation of avoidance behaviour in their dog can influence the dog's future responses
around resources. For example, if owners attempt to gain control of the resource and avoidance
patterns are not effective in discouraging the owner's advances, then the dog may behave
aggressively in future contexts. It is likely that all forms of aggression are modified by learning,
such that the dog learns to associate a behaviour with its consequences (Forkman, 2002;
Leuscher and Reisner, 2008), and therefore this theory holds merit but has not yet been
objectively tested.
Additional household and owner-related factors have been suggested to influence a dog's
behaviour around resources. For example, Overall (2013) suggests that dogs with owners who
feel they should always be able to take food or toys away are at greater risk for resource guarding
since the owner is more likely to be viewed as a potential threat to maintaining control of the
resource. Landsberg and colleagues (2013) agree and recommend periodically handling food
while a puppy is eating as well as adding small bits of very palatable food into the dish to
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associate people approaching with a positive experience. Further, the authors propose that young
dogs need to be taught about item relinquishment through positive reinforcement only, in order
to attempt to prevent future resource guarding incidences. However, to date there has been no
scientific research to support these hypotheses aside from case studies (Sircusa, 2016).
While the behaviour of the owner is likely an important factor influencing a dog's
behaviour around resources, additional factors have been proposed. Resource guarding has been
suggested to be influenced by a variety of fixed attributes of the animal (e.g., sex, neuter status,
breed, temperament), as well as experiences of the animal (e.g., training methods, household
composition, owner allowances such as feeding from their plate and allowing dogs on furniture,
and exercise frequency) (Guy et al., 2001b; Landsberg et al., 2013; McGreevy and Masters,
2007). For example, McGreevy and Masters (2007) reported a higher probability of food-related
aggression when dogs were of mixed breed, acquired at an older age, and were fed treats during
the owner's dinner. However, the limited research investigating factors influencing the
expression of resource guarding have been exclusively focused on aggressive behaviour patterns.
Aggressive resource guarders may possess different internal or external experiences that
influence the dog's motivation to retain control over an item compared to dogs that express a
non-aggressive form of the behaviour. It is worthwhile to investigate the factors associated with
both non-aggressive and aggressive patterns of resource guarding behaviour as the relationship
between the patterns is currently unknown, and as suggested the non-aggressive forms may be
precursory to the aggressive form. The objectives of this study were the following: to investigate
factors associated with the expression of rapid ingestion, avoidance, and aggressive patterns of
resource guarding when in the presence of people; and identify any associations between the
three types of resource guarding behaviour patterns. We hypothesized that avoidance and rapid
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ingestion would be likely to co-occur and have a negative relationship with aggressive patterns
of RG. Additional hypotheses included, 1) aggressive RG would share a positive relationship
with positive punishment and negative reinforcement training methods, 2) owner manipulations
of the food bowl (e.g., touching or taking food from the dog while eating) would share a positive
relationship with aggressive RG, and 3) impulsivity and fear would share a positive relationship
with all patterns of RG.

4.3 Materials and Methods
The study protocol was reviewed and cleared by the University of Guelph Research
Ethics Board (REB #14DC030).

4.3.1 Participant recruitment
Inclusion criteria restricted participants to primary dog owners (defined as being an
individual with the daily responsibilities of dog ownership, such as feeding and exercising the
dog) over the age of 18. Participants were recruited online using snowball sampling between
March 24th, 2015 and August 2nd, 2015. Snowball sampling relies on referrals of participants
and the method is utilized to reach groups of people that might not be easily accessible through
more traditional means (Atkinson and Flint, 2001; Biernacki and Waldorf, 1981). Initial online
advertisements describing the study and inviting participation were distributed through
Facebook, Kijiji, Craigslist, and Ontario Veterinary College listservs, which included faculty,
staff and student groups from the college. Owners with multiple dogs were given the opportunity
to complete separate surveys for up to three dogs, starting with the dog they had owned the
longest. If owners with multiple dogs declined the opportunity to complete the survey for more
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than one of their dogs, they were asked to complete the survey for the dog they had owned the
longest.

4.3.2 Tutorial and assessment quiz
In order to ensure owners properly identified and categorized their dogs according to our
resource guarding categories (i.e., 1) avoidance, 2) rapid ingestion, 3) aggression involving
threatening behaviours, and 4) aggression involving a bite(s)), a tutorial and brief quiz to inform
and assess owners‟ ability to correctly identify behaviour patterns of interest were employed
prior to the start of the main questionnaire. The tutorial consisted of descriptions and video
examples of each of the four different types of RG categories of interest. The quiz assessing
owners‟ ability immediately followed the tutorial and included a novel video example (i.e., not
used during the tutorial) of each behaviour category. The category of "aggression" was
represented by two videos, one displaying threatening aggression (e.g., growling, freezing, body
tension, teeth baring) and the other displaying either snapping or biting. In total, participants
watched five videos; four videos represented each of the four behaviour categories of interest,
plus an additional video example of a dog that did not display any form of resource guarding
behaviour. Each of these videos was validated independently for category type by three canine
behaviour experts (i.e., individuals with both a DVM and a DACVB (Diplomat of the American
College of Veterinary Behaviour)) (Chapter 3). After watching each video, participants were
asked to select the behaviour category that most accurately described the behaviour observed,
considering the information they learned in the tutorial. Participants were not informed of their
success in identifying different categories of resource guarding on the eligibility-assessment quiz
prior to beginning the full survey. All participants were eligible to complete the full
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questionnaire. Only responses from participants that correctly identified all five resourceguarding categories (i.e., 1) avoidance, 2) rapid ingestion, 3) threatening, 4) biting aggression,
and 5) none of the above) on the eligibility-assessment quiz were included in the final analysis.

4.3.3 Main questionnaire
The questionnaire was developed from the current literature on proposed risk factors for
canine aggression (Landsberg et al., 2013; Overall, 2013) as well as information gathered from a
previous survey conducted by the author on the description, prevention and treatment of resource
guarding (Chapter 2 and Appendix A). The questionnaire was piloted for question clarity with 10
dog owners known to the author, and suggestions were incorporated prior to launching the final
version. The final questionnaire consisted of nine sections: (i) owner demographic information:
age, gender, geographical location, education, income, household member size, history owning
dogs, attitudes about dog-owner relationships; (ii) dog information: breed, weight and body
condition score (on a five point scale represented by pictures), current age, origin, sex and neuter
status, age when acquired; (iii) either socialization history or history of hunger and abuse: dogs
acquired at an age of less than 4 months received questions regarding socialization (e.g., whether
they were introduced to new dogs, people and places), while dogs acquired at an age of more
than 4 months received questions regarding whether it was known if the dogs had experienced
hunger or abuse prior to the current owner placement; (iv) household environment: dog living
and sleeping arrangements, whether children and teenagers often interact with the dog; (v)
exercise: daily amount, type; (vi) feeding practices: number of meals per day, how often the dog
is fed from the owner's plate, if the dog ever steals food, if ever and how often the owner touched
the food dish while the dog was eating, added food, took the food dish away or hand fed their
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dog during various age categories; (vii) training: professional dog class attendance and types of
methods utilized, whether the dog reliably performs drop, leave it and trade, owner response
immediately following an undesirable action from the dog; (viii) personality: validated
impulsivity and fear assessments (Wright et al., 2012; Hsu and Serpell, 2003); and (ix) present
and past behaviour around resources towards people and other dogs.
Owners were instructed to indicate the type of resource guarding behaviour (based on the
category choices learned in the tutorial) their dog commonly displays around different types of
food and non-food items and whether the behaviour occurs around people or other dogs (the
results for dog-related resource guarding behaviour are examined in Chapter 5). Therefore,
owners were able to identify multiple types of resource guarding exhibited by their dogs in
different contexts, with an option to indicate their dog does not perform any resource guarding
behaviour. In addition, owners were asked if their dog‟s behaviour around resources had
changed (i.e., was expressed in a different form or had changed in frequency) from the past to the
present.
Impulsivity was assessed using a subscale extracted from a questionnaire previously
validated to reflect behavioural and physiological correlates of impulsivity (Wright et al., 2012).
The full questionnaire assessed 1) behavioural regulation, 2) aggression and response to novelty,
and 3) responsiveness. However, due to the potential for the second subscale to be a construct of
the outcome measurement (i.e., aggression), the impulsivity assessment in our questionnaire was
reduced to include only the behavioural regulation subscale. Previous research has demonstrated
the behavioural regulation subscale has the strongest relationship with impulsive choice, further
supporting the independent use of the of behavioural regulation subscale (Wright, 2008). General
fear was assessed using three extracted factors from the validated Canine Behavioural
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Assessment and Research Questionnaire (Hsu and Serpell, 2003). These three factors assessed
various types of fear: 1) stranger-directed fear, 2) non-social fear, and 3) dog-directed fear. For
the impulsivity scale, owners were asked to indicate their level of agreement with each statement
on a 5-point Likert scale (i.e., strongly agree, mostly agree, partly agree/partly disagree, mostly
disagree, strongly disagree) with an opportunity to answer "do not know/ not applicable". For the
fear scale, owners were asked to indicate the level of fearfulness (i.e., scale ranging from 0 to 4
labelled "none, mild, moderate, or severe") they commonly observe from their dog in reaction to
the given scenarios with an opportunity to answer "do not know/ not applicable".

4.3.4 General analysis
Due to variation in representation for individual breeds, breeds were combined into
categories of breed groups as defined by the American Kennel Club (AKC) for analysis in
regression models (Appendix D). When applicable (i.e., when owners had attended professional
training classes with their dog) the type of training methods utilized during class as well as
owner response towards the expression of undesirable behaviours were collapsed into their
corresponding reinforcement and punishment categories (i.e., positive reinforcement, negative
reinforcement, positive punishment, and negative punishment) based on the principals of
learning theory (Bowen and Heath, 2005).
The individual items for impulsivity were scored as follows: strongly agree = 5, mostly
agree = 4, partly agree/partly disagree = 3, mostly disagree = 2, strongly disagree = 1. An
independent impulsivity score was calculated by taking the sum of all questions and dividing it
by the total number of questions answered, multiplied by five as suggested by the original author
for comparability in future work (Wright, 2008). The individual items for fear were scored as
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follows: none = 0, mild = 1, moderate = 2, severe = 3. An independent fear score was calculated
by taking the sum of all questions and dividing it by the total number of questions answered, as
suggested by the original authors (Hsu and Serpell, 2003). High scores represent a generally
more impulsive or fearful dog while low scores indicate a relatively less impulsive or fearful
dog.
Six multi-level logistic regression models were developed, using standard statistical
software (Proc Glimmix; SAS 9.4, SAS institute, Cary, NC), to determine the association
between the independent variables (Tables 4.1 - 4.3) and the following categories of resource
guarding in the presence of people: factors associated with RG avoidance, factors associated with
RG rapid ingestion, factors associated with RG aggression (both threatening and biting
aggression), factors distinguishing biting RG aggressive dogs from non-biting RG aggressive
(i.e., threats only) dogs. In addition, two multi-level logistic regression models were developed to
determine the association between the independent variables (Tables 4.1 - 4.3) and factors
associated with a change in RG behaviour in the presence of both people and other dogs (due to
the inability to accurately separate responses for the behaviour directed towards people or dogs
as a result of the phrasing of the question (Appendix D)). Each category of resource guarding,
not included as the dependent variable, was added to each model to determine if either positive,
negative, or no associations were present for each type of resource guarding (e.g., in examining
the risk factors for RG aggression associated with people, both RG avoidance and rapid ingestion
towards people would be tested as independent variables in the model). Model building
processes were identical for each dependent variable of interest and therefore, the following
general description is applicable to each model.
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Univariable statistics were initially performed to identify variables using a liberal p-value
(p < 0.20) for potential inclusion in the multi-variable model. To account for participants
completing more than one questionnaire for multi-dog households, a random intercept of
participant identification was explored within each model including owner-level variables nested
within the random intercept. The random intercept was removed from the model if the estimate
was calculated to be zero, and results of the ordinary logistic regression model were reported.
To build the main effects model, forward stepwise regression was performed due to the
large number of variables to be tested and the potential for having to build multiple models for
each outcome variable of interest. A main effects model was identified with variables having a
requirement of a p-value less than 0.05 to remain in the model. Model building began by adding
each retained variable to the model, starting with variables of the smallest p-value as determined
by the univariable analysis. Informed through a causal diagram (Dohoo et al., 2003), eliminated
variables were re-added to the model to assess potential confounding by measuring the change in
the coefficients (in log odds scale) with removal of each potential confounder. A 20% change or
more in the coefficients was used to identify a confounding variable (Dohoo et al., 2003). All
potential two-way interactions were tested for significance for all main effects within each model
prior to final variable elimination. Continuous variables were tested for linearity by adding a
quadratic term to the model and testing the significance of that term (Dohoo et al., 2003). If the
quadratic variable was significant, it was retained in the model. A lowess curve was assessed
visually to confirm the shape of the relationship between the continuous variable and the
outcome variable. To assess the fit of the models, we assessed the normality and homogeniety of
variance of best linear unbiased predictors (BLUPS) using a normal quantile plot and by plotting
the predicted outcome against the BLUPS, respectively. Pearson residuals were also assessed
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visually to identify any potential outliers. It was not possible to estimate the amount of variation
explained by the final logistic regression model as pseudo R2 measures have been demonstrated
to give widely varying results and are thus inappropriate to rely upon and report (Long and
Freese, 2006; Hoetker, 2007). To estimate the amount of variance explained at the household
level compared to the dog level, the Variance Partition Coefficient (VPC) was estimated from
the variance component in the mixed model using the latent variable technique (Dohoo et al.,
2003). This was calculated as:
VPC = variance component estimate (VCE)
(VCE + π2/3)

4.4 Results
4.4.1 Demographics
Three thousand and sixty eight individuals completed the survey, providing information
for a total of 4,857 dogs. Less than half of the participants reported owning only one dog (46%;
n=1400). Of those reporting to live in a multi-dog household (n=1,668), 79% answered questions
for more than one dog (n=1,323). The majority of participants (72%; n = 2,207) correctly
identified all five video examples in the eligibility-assessment quiz. Seventy percent of
participants receiving less than a perfect score (603 out of 861 dog owners) were incorrect on
their assessment of only one video. In this group of individuals, the example of threatening
behaviour was the most difficult to identify, with 51% of participants (305 out of 603 dog
owners) incorrectly identifying that behaviour (compared to 28% incorrect at identifying
gulping, 8% incorrect at identifying avoidance and lack of resource guarding, and 6% incorrect
at identifying biting aggression). Owner-related demographics for both the excluded and
included participant populations are displayed in Table 4.4. Dog ages in the included population
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ranged from 6 to 216 months (i.e., 18 years) with a mean of 69 months (i.e., approximately 5 1/2
years). Dog levels of impulsivity ranged from 0.20 to 0.96 with a mean of 0.44 (median = 0.40;
mode = 0.30). Dog levels of fear ranged from 0.25 to 0.93 with a mean of 0.43 (median = 0.41;
mode = 0.25). Additional dog-related demographics for both the excluded and included
populations are displayed in Table 4.5.

4.4.2 Prevalence of different types of resource guarding
The prevalence of each type of resource guarding was similar between excluded and
included participant populations (Table 4.5). Within the included population, RG aggression was
found to be displayed more frequently towards people when rawhide was the resource, followed
by food and edible treats (Table 4.6). RG rapid ingestion was displayed more frequently around
quickly ingested items such as food and treats, whereas RG avoidance was displayed more
frequently around items that are slower to ingest or moveable, such as rawhides and toys.
Slightly more than 50% of dogs included in the study were reported to display some type of
resource guarding around people. The majority of dogs displaying people-directed resource
guarding expressed only one pattern of the behaviour (63%, n = 1223), followed by dogs
expressing two patterns of the behaviour (32%; n = 617), dogs expressing three patterns (5%; n =
93), or dogs expressing all four patterns (0.3%; n = 6) of the behaviour.
According to participating owners, the majority of dogs included in the study maintained
the same behaviour around resources from the past to the time of the study (Table 4.7).
Approximately 11% of dogs were identified to have improved their behaviour around resources
and approximately 4% were identified to have a more undesirable form or more frequent display
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of guarding behaviour around resources at the time of the study in comparison to behaviour
observed in the past, according to owners.

4.4.3 Factors associated with RG avoidance
The final multi-level model for RG avoidance in the presence of people included
statistically significant associations with impulsivity score (modeled as a quadratic relationship),
the number of people in the household, the number of dogs in the household, performance of
"drop" items on command, frequency of feeding from the owner's plate, RG aggression and rapid
ingestion towards people, and RG avoidance towards dogs (Table 4.8). Graphically, the
probability of RG avoidance increased with increasing impulsivity score up to 0.55 at which
point the probability of this behaviour levels off (Figure 4.1). As the number of people in the
household increased the odds of displaying RG avoidance increased. Dogs were more likely to
show RG avoidance towards people if they lived in single-dog households compared to multidog households, but no differences were observed between the number of dogs living in multidog households. Dogs that reliably perform "drop it" were less likely to avoid people when in
possession of a resource. Dogs that were fed from their owner's plate were more likely to display
RG avoidance in the presence of people than dogs that were never fed from their owner's plate.
Dogs that displayed RG rapid ingestion were more likely to display RG avoidance towards
people. Furthermore, dogs that commonly displayed RG avoidance around people were also
more likely to display the same behaviour around dogs. The majority of the variance is explained
at the dog level (92.7%), with only a small amount explained at the household level (7.3%).

142

4.4.4 Factors associated with RG rapid ingestion
The random effect was removed from the model when the estimate was calculated as zero
and had no impact on the model coefficients or p-values. Therefore, the results of the ordinary
logistic regression model are reported. The final model for dogs displaying RG rapid ingestion
towards people included statistically significant associations with impulsivity score, owner
attitude, the age of the dog, professional training methods, stealing human food items, RG
avoidance and threats in the presence of people and RG rapid ingestion in the presence of other
dogs (Table 4.9). As impulsivity score increased the odds of displaying RG rapid ingestion
increased. The same relationship was observed for the age of the dog. Dogs that had experienced
positive punishment in a professional training class were much more likely to display RG rapid
ingestion than dogs that had never been to a professional training class, had experienced a
combination of positive reinforcement and positive punishment, or experienced positive
reinforcement exclusively. Dogs that were reported to steal human food items were more likely
to display RG rapid ingestion around people. Dogs that additionally display RG avoidance and
threats towards people were more likely to also display RG rapid ingestion towards people.
Finally, dogs that also display RG rapid ingestion in the presence of other dogs were much more
likely to also display RG rapid ingestion in the presence of people.

4.4.5 Factors associated with RG aggression
The random effect was removed from the model when the estimate was calculated as zero
and had no impact on the model coefficients or p-values. Therefore, the results of the ordinary
logistic regression model are reported. The final model for dogs displaying RG aggression
included associations with impulsivity and fear scores, performance of "drop" items on
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command, experience of the owner, dog sex and neuter status, breed type, and RG rapid
ingestion (Table 4.10). As fear and impulsivity scores increased, the odds of aggression around
resources also increased. Owners having had dogs prior to their current dog were less likely to
have an RG aggressive dog than first time owners. Dogs that were reported to reliably perform
"drop it" were less likely to show RG aggression towards people. Neutered males were more
likely to display RG aggression compared to spayed females and intact females, while intact
females were less likely to display RG aggression compared to spayed females. Sporting breeds,
non-sporting breeds and herding breeds were less likely than cross breeds to display RG
aggression towards people. Dogs reported to additionally display RG rapid ingestion in the
presence of people were more likely to also display RG aggression, and dogs that commonly
display RG aggression in the presence of dogs were also more likely to exhibit the same
behaviour pattern around people.

4.4.6 Factors associated with biting dogs compared to threatening aggressive dogs
The random effect was removed from the model when the estimate was calculated as zero
and had no impact on the model coefficients or p-values. Therefore, the results of the ordinary
logistic regression model are reported. The final model identified dogs with regular interaction
with teen-aged persons, dogs that are hand fed between the ages of 16 weeks and 1 year, and
dogs that display biting RG in the presence of other dogs had increased odds of displaying RG
biting aggression compared to only RG threatening aggression (Table 4.11). In addition, the
model found dogs that reliably leave items on command had decreased odds of displaying RG
biting aggression compared to RG threatening aggression.
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4.4.7 Determining risk factors for increased frequency or more undesirable type of RG
The random effect was removed from the model when the estimate was calculated as zero
and had no impact on the model coefficients or p-values. Therefore, the results of the ordinary
logistic regression model are reported. The final model found dogs of owners that had removed
the food bowl while the dog was eating following one year of age were at greater odds of having
a dog that demonstrated an increased frequency or shift towards a more undesirable type of RG
behaviour in the presence of either people or other dogs (Table 4.12).

4.4.8 Determining risk factors for decreased frequency or a shift to a more desirable RG form
The random effect was removed from the model when the estimate was calculated as zero
and had no impact on the model coefficients or p-values. Therefore, the results of the ordinary
logistic regression model are reported. The final model found dogs with health problems and
dogs whose owners added highly palatable food items to the food bowl while the dog was eating
between the ages of 16 weeks and 1 year had greater odds of decreasing the frequency or shifting
to a more desirable form of resource guarding (Table 4.13). Dogs experiencing food taken away
while eating between the ages of 8 and 16 weeks had lower odds of decreasing the frequency or
shifting to a more desirable type of RG behaviour in the presence of either people or other dogs.

4.5 Discussion
4.5.1 Factors related to improvement or exacerbation of RG behaviour
The current results highlight key management factors that are associated with changes in
RG behaviour in the presence of people or other dogs, in terms of the RG behaviour either
decreasing in severity or switching to a more or less acceptable type (i.e., avoidance or rapid
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ingestion versus threats and biting). Of particular interest, variables involving food manipulation
were significantly related to changes in the type or frequency of RG behaviour. Owners that
added palatable food items to their dog‟s food bowl during mealtime from 16 weeks of age to
one year were more likely to report less severe RG in their dog‟s behaviour around resources.
Furthermore, owners that took their dog‟s food away during mealtime from 8 to 16 weeks of age
were less likely to report having dogs with less severe RG behaviour at the time of the study (i.e.,
it has either remained consistent or has gotten worse).
These results are the first empirical evidence to support use of food management
techniques that have been suggested in popular veterinary behaviour references as methods to
either prevent or treat resource guarding aggression (e.g., Landsberg et al., 2013). However, it is
interesting that only a relatively small percentage of owners reported a change in their dog‟s
behaviour over time, with 70% of owners reporting a long-term, consistent resource guarding
behavioural response. It is unclear if owners with dogs displaying consistent behavioural
responses had attempted modification techniques that did not work or had learned to manage and
live with the behaviour, which may be relatively easy for individuals with non-aggressive RG
dogs. Although this was a cross-sectional study and we cannot be certain about the direction of
the relationship between variables of interest, these results highlight two potentially important
factors that are of practical significance to the prevention or treatment of canine resource
guarding in the presence of people that need to be further explored: first, less severe RG
behaviour appears to be associated with increased positive and decreased negative experiences
around the food bowl, and second, manipulations during early developmental periods appear to
have lasting effects on future behavioural responses.
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In further support of the harmful effects of food bowl removal, owners who remove the
dog's food bowl during mealtimes after 1 year of age were more likely to have dogs with a more
severe type or frequency of resource guarding. Again, this aligns with recommendations by
veterinary behaviour references (Horwitz and Mills, 2009; Landsberg et al., 2013). Overall
(2013) suggests one of the factors influencing the development of resource guarding aggression
is owner belief they should be able to remove a food or non-food object from their dog at any
time, which has been suggested to lead to the deterioration of behaviour around resources due to
anxiety of owner approach following these manipulations. Regardless of the underlying cause,
food bowl removal appears to be associated with resource guarding behaviour, which suggests
owners should avoid using this technique. Veterinarians, as the first professional source of
information for pet owners with a new dog, have an opportunity to educate owners about the
association between food manipulation and RG behaviours.

4.5.2 Relationship between RG types
Dogs that commonly displayed RG rapid ingestion were more likely to also display RG
avoidance and RG aggression in the presence of people. Similarly, dogs that commonly display
RG aggression were more likely to display RG rapid ingestion, but not more likely to display RG
avoidance in the presence of people. These results suggest that different forms of resource
guarding may share similar underlying motivations, but further research is necessary to
determine whether less severe forms of resource guarding are precursors for development of RG
aggression. Considering these relationships, focusing efforts on preventive strategies are likely to
have a broad benefit to a number of dogs by addressing multiple RG behaviour patterns.
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4.5.3 Attendance at training classes and training type
All types of resource guarding towards people were influenced by training factors,
including type of professional training techniques and teaching dogs certain cues to modify their
behaviour, such as "drop an item" and "leave an item". Dogs experiencing positive punishment
methods in a professional training class were much more likely to rapidly ingest items around
people than dogs that had never been to a professional training class or had experienced positive
reinforcement in a professional training class. Reasons for this particular relationship are unclear,
but it is possible that dogs experiencing only positive reinforcement training techniques benefit
from an improved relationship with their owners. Research has shown dogs taught exclusively
through reward-based training tended to perform better in a novel training task, suggesting that
these dogs may be more motivated to learn from or listen to their owners and may be generally
less anxious (Rooney and Cowan, 2011).
While previous studies have reported a significant association between positive
punishment and aggression (Blackwell et al., 2008; Casey et al., 2014; Herron et al., 2009), we
did not find a similar effect for RG aggression. All of these studies, including ours, are
retrospective surveys and thus, the direction of the relationship between training type and
undesirable behaviour is unknown; it is possible that owners with "bad" dogs resort to
punishment techniques, or that aggression and other undesirable behaviours are induced when
owners use these methods. In the study by Herron et al. (2009), many of their participants
reported that their dogs responded with aggression following physically manipulative techniques
such as hitting or rolling dogs on their back (i.e., "alpha rolls"). Furthermore, one study
suggested that teaching puppy owners about the negative effects of using positive punishment is
protective; early education on this topic led to fewer undesirable behaviours, including
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aggression, at one year of age compared to a control group receiving no information (Gazzano et
al., 2008). Although further research is required to confirm directionality of the relationship,
these studies support the theory that the application of punishment techniques may increase the
risk of undesirable behaviour including certain forms of RG in the presence of people. Further
studies should investigate the potential for a relationship between positive punishment and RG
aggression.
Training drop and leave commands has been suggested as an important preventative tool
for resource guarding behaviour. Landsberg and colleagues (2003) suggest training object
relinquishment at an early age to prevent resource guarding behaviour. Similarly, Bowen and
Heath (2005) state that dogs should be taught a "leave" command in order to prevent them from
picking things up, as well as a "drop" command to get them to release items safely when they are
already in possession of them. Our results confirm these training recommendations; dogs taught
to reliably drop items on command were at a reduced risk for RG avoidance and aggression
towards people. Furthermore, dogs taught to reliably leave items when asked were at a reduced
risk to bite people around resources. As this was a cross sectional study, it is also possible that
non-resource guarders are better at performing drop and leave it commands reliably; perhaps
they learn training tasks more readily or place less "value" on items and are more willing to
relinquish them when requested. A longitudinal study would be helpful in determining the exact
relationship between "drop" and "leave it" and the risk of resource guarding behaviour.

4.5.4 Household composition
As the number of people living within a household increased, the likelihood of dogs
displaying RG avoidance in the presence of people increased. When the density of people is
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increased, dogs may have greater difficulty finding unoccupied space to consume slow-to-ingest
items such as bones resulting in more evident displays of RG avoidance. Furthermore,
households with more people may provide less behavioural consistency when interacting with
the dog, resulting in unpredictable expectations. Providing a predictable environment has been
suggested to be an important management tool for easily aroused, anxious, or aggressive dogs
(Haug, 2008), which may apply for dogs that are anxious about resource removal. Interestingly,
dogs living in houses with no other dogs were more likely to display RG avoidance around
people. This is challenging to interpret, although dog owners with only one dog may be more
likely to give their dogs treats or toys in their presence, thus creating a greater opportunity to
observe the behaviour. Additionally, one-dog households may interact with their dog more
frequently, and therefore, there may be more opportunity for the dog to view the person as a
threat towards possession of the resource.
Regular interaction between teenagers and dogs in a household increased the odds of an
RG aggressive dog biting when in possession of a resource in the presence of a person. This
agrees with Guy and colleagues (2001), who reported a greater likelihood of food-related
aggression when teenagers were living in the household. The brain of a teenager is not yet
mature, with the area involved in behavioural and emotional regulation insufficiently developed
during the teen-aged years (Brownlee, 1999), possibly influencing the way a teenager may
interact with or respond to a dog in their household. Dog owners should take care to inform their
teenagers how best to interact with the dogs in the household to avoid injurious biting behaviour
when the dog is in possession of a resource.
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4.5.5 Owner attributes
First-time dog owners were more likely to have dogs that commonly exhibit RG
aggression. It has been suggested that a person's inability to correctly read warning signals is a
critical factor in the occurrence of aggression towards that person (Mertens, 2002). If
inexperienced dog owners are not as skilled at correctly interpreting dog behaviour, this would
affect their ability to adjust their own responses, potentially leaving them vulnerable to
aggression (Miller et al., 1996). If unaware of warning behaviour, inexperienced dog owners
may also be less likely to intervene and seek professional help, inadvertently increasing the risk
of severe future responses. However, Tami and Gallagher (2009) reported no difference between
ownership experience and the ability to recognize aggression. Our study employed a screening
tool that enabled us to identify owners with difficulty recognizing dog behaviour and remove
them from our analyzed population, which would have minimized the likelihood that lack of
behaviour identification underlies the relationship. Interestingly, experienced and inexperienced
dog owners performed identically on the identification quiz, which suggests there may be other
reasons for this particular finding. For example, even if experienced and inexperienced owners
are equally skilled at recognizing behaviour, inexperienced owners may be less knowledgeable
about early socialization and training, and about effective methods of responding to
inappropriate behaviour like RG aggression. Future research should examine the relationship
between owner experience and the development of aggression in dogs to determine if it is the
difficulty in identification of the dog's behaviour, the owner's corresponding behavioural
response, or the knowledge about early socialization which increases the likelihood of
problematic behaviour in the dog.
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Owners that considered their dog(s) to be like companions were more likely to have a
dog that rapidly ingested consumable resources compared to owners that considered their dogs to
be below humans in importance and themselves to be "like a boss" in relation to their dog's
position in the family. Blouin (2013) suggests these categories represent notable, distinctive
variations in how people relate to and interact with their dogs. For example, individuals in the
former category place a high value on companionship with their dogs but recognize they are also
"creatures with their own interests", whereas individuals relating to the latter category generally
value their dogs primarily for the uses they provide, such as protection. These contrasting
viewpoints may result in important differences in management, such as living and feeding
location, which may ultimately influence the amount and type of interaction the dog experiences
with their owner throughout the day. For example, owners falling into the category of dogs being
of less importance to humans often house their dogs in kennels outside the main house (Blouin,
2013). This may reduce the necessity of rapid ingestion due to the lack of human interest in the
resource or human presence during mealtime, or similarly, owners may be less likely to notice
the behaviour if they are not present during times of consumption. However, if this reasoning is
correct, a similar relationship should have been found between owners who believe themselves
to be "like a parent" to their dog, compared to those who believe themselves to be "like a boss".
No difference was found between these two categories, which muddies interpretation further.
Future research should investigate the reasons for difference in behaviour of dogs around
ingestible resources in relation to the attitude of the owner since it is unclear if attitudinal
differences are translated into behavioural differences in the interaction and treatment of owners
toward their pets.
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4.5.6 Food management
Dogs fed with increasing frequency from the owner's plate during mealtimes were more
likely to display avoidance around people when in possession of a resource. Potential reasons for
the association between avoidance behaviour and feeding from the owner's plate is not clear, and
it may be the result of a relationship between avoidance and an unidentified common factor.
Resource guarding by means of avoidance is more likely to occur around objects that are
relatively difficult to consume immediately, such as a bone, or are not consumable, such as a toy.
Food from the owner's plate is most likely to be quickly consumed by the dog, thus decreasing
the opportunity for behaviours such as body blocking or other avoidance-related patterns of
behaviour. This study did not find a relationship between RG aggression and feeding from the
owner's plate; however, other studies have reported such a relationship (McGreevy and Masters,
2008; O'Sullivan et al., 2008) suggesting it would be worthwhile to study this relationship further
as it may be a risk factor for harmful behaviour.
Dogs that steal human food items were more likely to display RG rapid ingestion of
consumable resources. For this variable in particular, it is difficult to determine whether stealing
human food items is a risk factor for developing rapid ingestion resource guarding, or if it is
simply part of the behavioural repertoire of dogs that rapidly ingest food items. Dogs commonly
displaying this behaviour may simply be more food motivated, which would serve to increase the
likelihood of both rapid ingestion and stealing food. Furthermore, dogs that are prone to steal
human food items may learn it is necessary to rapidly ingest the items to avoid removal by their
owners, thereby increasing the likelihood the behaviour will be repeated in the future.
Regardless, this particular factor may be of less interest to dog owners due to the unlikely risk of
harm, particularly if the owner does not contest the food stealing.
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4.5.7 Dog age, sex, neuter status, and breed
The odds of rapid ingestion in the presence of people increased slightly for each year of
dog age. This may be of little concern, particularly considering the relationship is shared with a
non-aggressive pattern of RG. Although this variable was not associated with RG aggression,
several studies found a similar effect between dog age and the risk of biting in general contexts
such as "at a veterinary clinic", "towards people or dogs", and "non-play related biting",
respectively (Drobatz and Smith, 2003; Martinez et al., 2011; Messam et al., 2013). Messam and
colleagues (2013) investigated the effects of age in a cohort study and reported that dogs are at
highest risk of biting during the first year of age which coincides with a period of rapid sensory,
motor and social development. The authors mention that it is likely that age itself is not a
causative or protective factor with respect to the risk of dog bites, rather, age is likely to be
correlated with canine socio-biological changes which have yet to be fully determined (Messam
et al., 2013). Future research should investigate the relationship between age and RG behaviour
patterns with consideration of potential intervening variables to determine the best areas to
concentrate RG preventative measures during a dog's development.
Dogs with RG aggression in the presence of people were more likely to be male and
neutered. Several authors have reported similar results for the effect of sex and neuter status on
aggressive dogs. Casey and colleagues (2014) report that neutered males were more likely to
show aggression towards people and other dogs compared to spayed females, while there were
no differences between intact sexes. In further support, Martinez and colleagues (2011) report
males (intact or neutered) were more likely to exhibit aggression toward other dogs compared to
females (intact or spayed), which agrees with Hsu and Sun (2010) and Lund and colleagues
(1996) for dogs with owner-directed aggression. However, Guy and colleagues (2001c) reported
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that biting dogs (in a general context, no specification for situation) were three times more likely
to be female, with an interaction between sex and weight such that the risk for females to bite
increased with decreasing body weight. Overall, evidence from previous literature on general
aggression supports the finding that female dogs may be at a reduced risk for aggression around
resources, although the opposite finding from Guy and colleagues (2001c) suggests the need for
further study. No difference in RG aggression in the presence of people was observed between
neutered and intact animals of either sex, which agrees with results by McGreevy and Masters
(2007). Furthermore, Podberscek and Serpell (1997) suggest that contrary to popular opinion,
neutering is not useful as a preventative measure for aggression and this may apply to resource
guarding prevention as well.
In our study, is possible that dogs were neutered after showing RG aggression as we did
not obtain information on age of castration or age of first observation of RG aggression from dog
owners. For example, Podbersek and Serpell (1996) initially found that neutered males and
spayed females were more likely to be aggressive towards people compared to intact males and
females, respectively. The authors performed a follow-up study by re-contacting the owners and
inquiring about the age at which aggression started, the age at which the dog was neutered, and
reasons for neutering. Dogs which were neutered due to aggression or were neutered after
aggressive behaviour first began were excluded from the analysis, at which point the statistical
differences disappeared. The authors suggest that neutering may have been a consequence of
aggressiveness rather than the cause, and the same may be true for the population of dogs in this
study. Future research should explore this relationship in a prospective, longitudinal study.
The effects of breed group are challenging to interpret. Each breed group category was
generally developed with consideration for the original purpose of the dog breed (according to
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the AKC), with the exception of the non-sporting group which is a diverse classification of dogs
not fitting into the other six categories (e.g., Chow Chow and Bichon Frise). For example, the
sporting group includes dogs bred for bird retrieving and hunting, the herding group includes
dogs bred to herd livestock, and the working group includes dogs developed for a variety of jobs
including guarding livestock and property, although each group is not entirely exclusive to the
original purpose. It could be hypothesized that the working dog group might be at an increased
risk for resource guarding as their original purpose was guarding objects and other animals. Our
results revealed that cross breeds were more likely to be aggressive around resources compared
to sporting, non-sporting, and herding breed groups in the presence of people. This agrees with
results from McGreevy and Masters (2007), who report mixed breeds to have a higher
probability of food-related aggression compared to pure breed dogs. It is difficult to understand
the association between mixed breeds and increased likelihood of aggression around resources.
This factor requires further study to determine if and how it may be a risk factor for developing
aggression when in possession of a resource.
It should be noted that the vast number of dog breeds creates a unique challenge for
survey-based research, often forcing researchers to combine breeds into categories, which may
result in inaccurate or conflicting findings. Creation of these categories is necessary in order to
have enough power to detect the test effect (when it truly exists), and the ability to make
reasonable inferences. A major limitation of making biological inferences based on breed groups
is in the assumption that each breed equally contributes to the group purpose and that each dog is
wholly representative of the characteristics of the original purpose of the breed. Individual
variation in behaviour within a breed is generally conceded (e.g., Scott and Fuller, 1965) and has
been suggested to be strongly influenced by environment and owner interaction (Casey et al.,
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2014). Therefore, while some differences may be found between breed groups, caution must be
exercised when interpreting results on breed differences in aggression without regard to other
intervening factors.

4.5.8 Dog temperament traits
The temperament trait of impulsivity had a positive and linear relationship with RG rapid
ingestion and aggression when in the presence of people. Impulsivity is a trait related to
inhibitory control, which has been implicated in the expression of a range of "problem"
behaviours. Several facets of impulsivity exist, but in general, individuals with greater levels of
impulsivity show a decreased ability to tolerate delay of reinforcement (Wright et al., 2012), or
difficulty in response control (Eagle and Robbins, 2003). Our results suggest that impulsivity
shares a relationship with resource guarding behaviour such that dogs displaying resource
guarding in the presence of people are more impulsive than dogs that do not commonly express
the behaviour. Due to the retrospective nature of this questionnaire, it is unknown if being more
impulsive predisposes dogs to develop resource guarding or if dogs that are resource guarders
tend to behave more impulsively. However, impulsivity has been suggested as a potential
contributing factor to aggression. For example, Higley and colleagues (1992) reported a negative
correlation between levels of 5-hydroxyindoleacetic acid (5-HIAA), which is a serotonin
metabolite related to impulsivity, and frequency of aggressive displays in free-ranging rhesus
monkeys. Serotonin has been suggested to be important in the ability to suppress behaviour in a
variety of species (e.g., Soubrie et al., 1986) and the serotonin metabolite 5-HIAA has been
associated with impulsivity through a correlation with dog behaviour scores on the psychometric
test (Wright et al., 2011) which was used in our survey.
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Wright (2008) suggested that dogs with difficulty controlling the degree to which their
behaviour is expressed (i.e., highly impulsive) may be more likely to bite compared to those with
the ability to inhibit their responses. Research by Reisner and colleagues (1996) supports this
suggestion; they reported lower levels of 5-HIAA in a group of dogs that had a history of biting
without warning, compared to a group of dogs that warned before biting (i.e., growled, stared,
and became stiff). However, our results are not in full support of this theory; impulsivity was not
a significant factor in the difference between dogs that bite versus dogs that display only threats
around resources in the presence of people. Further demonstrating the potentially complicated
effects of impulsivity, the quadratic effect between impulsivity and RG avoidance in the current
study suggests the effect may not be linear, and that further research is required.
Dogs displaying RG aggression in the presence of people had higher levels of fearfulness,
as identified by owners through general fear scores, compared to dogs not demonstrating RG
aggression. Fearfulness is a temperament trait that is frequently implicated in the expression of
"problem" behaviour, particularly aggression (Hsu and Serpell, 2003). For example, Pageat and
colleagues (2004) observed the reaction of young dogs in fear-stimulating circumstances (e.g.,
loud and sudden noises, abrupt moving objects, and interaction with unfamiliar people) and
found that dogs identified as fearful were at an increased risk of developing aggressive
behaviour. Furthermore, Guy and colleagues (2001b) reported that dogs that bite were more
likely to be described as generally fearful by their owners. Fearfulness has been primarily
associated with fear-related aggression; however, it is possible that fear may contribute to the
expression of other types of aggression. For example, Landsberg and colleagues (2013) suggest
that resource guarding stems from an underlying anxiety that items will be removed when the
dog is approached. Interestingly in the current study, fear was not related with any other type of
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resource guarding, nor was it a significant factor differentiating dogs that bite compared to dogs
that display only threatening aggression around resources. This suggests that fear may be an
important trait influencing the type of resource guarding expressed in the presence of people.
However, we do not know whether fear plays a role in causing RG aggression. Increased levels
of fear may predispose dogs to develop the aggressive form of resource guarding, dogs may
become more fearful following their owner's response to RG aggression, or an unidentified
factor may be mediating both fear and aggression.

4.5.9 Limitations
Participants in this study were self-selected, and therefore the high prevalence of resource
guarding behaviour found in this study may not be representative of the general population.
Voluntary surveys are at risk of selection-bias, in which individuals with greater interest in the
topic are more likely to complete the survey. However, some tentative comparisons on resource
guarding prevalence can be made based on a cross-sectional survey completed by Guy and
colleagues (2001b), which had a relatively high completion rate of 80% through veterinary
hospital recruitment. The authors reported a prevalence of 4.86% for dogs that display "growling
or snapping when people try to take food, toys or other objects" away from the dog. The reported
prevalence of RG aggression around people was 6.81% in our study. The similar prevalence
suggests that our voluntary recruitment strategy may not have introduced a high degree of
concern for selection bias. Initial advertisements were careful not to mention the main purpose of
the survey (Appendix D), although some people that reposted the survey highlighted the
underlying objective. Interestingly, our study generally found a high prevalence of peopledirected resource guarding behaviour, including avoidance and rapid ingestion (54%). This may
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be due to selection bias, but it could also be reflective of the inclusion of non-aggressive
behaviour patterns, which are likely easier to tolerate and relatively more acceptable in a
household compared to aggression. The small percentage (~4%) of dogs that developed more
problematic behaviour around resources may not be representative of the prevalence of
progression for all dogs. It is likely that many dogs with severe behaviour around resources were
removed from the population (i.e., survival bias) due to relinquishment or euthanasia.
This survey was retrospective, and thus participants may have had difficulty
remembering past events accurately (i.e., recall bias), particularly for owners of older dogs, who
may have had difficulty recalling events that occurred during puppyhood (e.g., socialization
history). Further studies are needed to determine if the factors identified to be associated with
each outcome of interest in this study are indeed risk factors as we did not determine causation.
A long-term, longitudinal study would further contribute to understanding the risk factors
involved in each type of resource guarding behaviour pattern.
Removal of the 861 participants scoring less than 100% on the assessment quiz decreased
the potential for misclassification bias, which is a unique approach to canine behaviour survey
data collection and increases the validity of our conclusions in comparison to previous research
on aggression. Misclassification bias results from an arrangement of study participants into
incorrect categories in classifying the outcome of interest (Dohoo et al., 2003), in this case, type
of resource guarding. Although difficult to directly measure, misclassification bias is a fairly
common problem in survey research as the researcher is reliant on the participant to accurately
report and classify the outcome of interest.
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4.6 Conclusion
This is the first study to examine factors associated with the expression of both nonaggressive and aggressive forms of resource guarding behaviour, and the unique screening tool
employed in this survey increased the validity of the owner's responses. Factors involved in the
expression of non-aggressive resource guarding may be relatively less important compared to
those involved in aggression, unless future research reveals the non-aggressive forms precede or
predispose dogs to the development of aggressive patterns of resource guarding. This study
revealed several important factors associated with aggression around resources in the presence of
people. In particular, our results emphasized the potential importance of dogs' ability to reliably
perform "drop" and "leave it", as well as the potential positive and negative associations with
various food manipulation techniques. Specifically, removing the food bowl from the dog during
mealtimes was associated with a negative shift in the type or frequency of resource guarding
behaviour, suggesting this method is not effective and may only serve to exacerbate the
behaviour. Adding palatable bits of food to the dog's food dish was associated with less severe
RG behaviour, suggesting this may be an important management tool for owners when done
safely. Longitudinal studies should explore causation to determine if these particular techniques
could be harmful or helpful for the prevention of RG behaviour. In addition, we found that there
are a number of dog-related factors that are associated with RG aggression in the presence of
people, suggesting some dogs may be more or less predisposed to the behaviour. Specifically,
RG aggression was more likely in mixed breeds and was positively associated with both
impulsivity and fearfulness. Neutered males were also more likely to display RG aggression, but
it is unknown if castration occurred before or after the first RG aggressive event. Finally, we also
found that owner and household characteristics, such as household composition and owner
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experience were related to increased resource guarding behaviour in the presence of people, but
these areas require further study to fully understand whether there are secondary factors that
underlie these effects. Future research should focus on the factors identified in this study in a
longitudinal study in order to examine causation of different forms of RG directed at people.

4.7 References
Archer, J. 1988. The behavioural biology of aggression. Cambridge, UK.
Arnott, G., Elwood, R.W. 2008. Information gathering and decision making about resource value
in animal contests. Anim. Behav. 76(3): 529-542.
Atkinson, R., Flint, J. 2001. Accessing hidden and hard-to-reach populations: snowball research
strategies. Social Research Update, University of Surrey.33:1-8.
Blackwell, E.J., Twells, C., Seawright, A., Casey, R.A. 2008. The relationship between training
methods and the occurrence of behaviour problems, as reported by owners, in a
population of domestic dogs. J.Vet. Behav. Clin. Appl. Res. 3: 207-217.
Blouin, D.D. 2013. Are dogs children, companions, or just animals? Understanding variations in
people's orientations toward animals. Anthrozoos. 26(2):279-294.
Bowen, J., Heath, S. 2005. Behaviour problems in small animals. Saunders, Philadelphia, PA.
Brownlee, S. (1999).Inside the teen brain.US News Online. Available at:
http://www.usnews.com/usnews/issue/990809/nycu/teenbrain.htm.
Casey, R.A., Loftus, B., Bolster, C. Richards, G., Blackwell, E.J. 2013. Inter-dog aggression in a
UK owner survey: prevalence, co-occurrence in different contexts and risk factors. Vet.
Rec. 172:127.

162

Casey, R.A., Loftus, B., Bolster, C. Richards, G., Blackwell, E.J. 2014. Human directed
aggression in domestic dogs (Canis familiaris): Occurrence in different contexts and risk
factors. Appl. Anim. Behav. Sci. 152:52-63.
Blackwell, E.J., Twells, C., Seawright, A., Casey, R.A. 2008. The relationship between training
methods and the occurrence of behaviour problems, as reported by owners, in a
population of domestic dogs. J. Vet. Behav. 3:207-217.
Blouin, D.D., 2013. Are dogs children, companions or just animals? Understanding variations in
people's orientations toward animals. Anthrozoos, 26(2):279-294.
Dohoo, I., Martin, W., Stryhn, H. 2003. Veterinary epidemiological research. AVC,
Charlottetown, PEI.
Duffy, D.L., Hsu, Y., Serpell, J.A. 2008. Breed differences in canine aggression. Appl. Anim.
Behav. Sci. 114(3-4): 441-460.
Drobatz, K.J., Smith, G. 2003. Evaluation of risk factors for bite wounds inflicted on caregivers
by dogs and cats in a veterinary teaching hospital. J. Am. Vet. Med. Assoc.. 223: 312316.
Eckstein, K.C., Mikhail, L.M. Ariza, A.J., Thomson, J.S., Millard, S.C., Binns, H.J. 2006.
Parents' perceptions of their child's weight and health. J. Am. Academy Ped. 117(3):681690.
Forkman, B.A., 2002. Learning and cognition. In: Jensen, P. (Ed.) The ethology of domestic
animals. CABI Oxfordshire, UK.
Gazzano, A., Mariti, C., Alvares, S., Cozzi, A., Tognetti, R., Sighieri, D. 2008. The prevention f
underisable behaviours in dogs: effectiveness of veterinary behaviourists' advice given to
puppy owners. J. Vet. Behav. 3:125-133.

163

Guy, N.C., Luescher, U.A., Dohoo, S.E., Spangler, E., Miller, J.B., Dohoo, I.R., Bate, L.A.
2001a. A case series of biting dogs characteristics of the dogs, their behaviour and their
victims. Appl. Anim. Behav. Sci. 74:43-57.
Guy, N.C., Luescher, U.A., Dohoo, S.E., Spangler, E., Miller, J.B., Dohoo, I.R., Bate, L.A.
2001b.Demographic and aggressive characteristics of dogs in a general veterinary
caseload. Appl. Anim. Behav. Sci. 74:15-28.
Guy, N.C., Luescher, U.A., Dohoo, S.E., Spangler, E., Miller, J.B., Dohoo, I.R., Bate, L.A.
2001c.Risk factors for dog bites to owners in a general veterinary caseload. Appl. Anim.
Behav. Sci. 74:29-42.
Haug, L.I. 2008. Canine aggression toward unfamiliar people and dogs. Vet. Clin. Small Anim.
38:1023-1041.
Herron, M.E., Shofer, F.S., Reisner, I.R. 2009. Survey of the use and outcome of confrontational
and non confrontational training methods in client-owned dogs showing undesired
behaviours. Appl. Anim. Behav. Sci. 117:47-54.
Higley, J.D., Mehlman, P.T., Taub, D.M., Higley, S.B., Suomi, S.J., Vickers, J.H., Linnoila, M.
Cerebrospinal fluid monoamine and adrenal correlates of aggression in free-ranging
rhesus monkeys. Arch. Gen. Psychiatry. 49:436-441.
Hoetker, G. 2007. The use of logit and probit models in strategic management research; critical
issues. Strat. Manage. 28:331-343.
Hsu, Y., Serpell, J.A., 2003. Development and validation of a questionnaire for measuring
behaviour and temperament traits in pet dogs. J. Am. Vet. Med. Assoc. 223(9): 12931300.

164

Hsu, Y., Sun, L. 2010. Factors associated with aggressive responses in pet dos. Appl. Anim.
Behav. Sci. 123: 108-123.
Jagoe, A., Serpell, J. 1996. Owner characteristics and interactions and the prevalence of canine
behaviour problems. Appl. Anim. Behav. Sci. 47:31-42.
Jones, A.C., Gosling, S.D. 2005. Temperament and personality in dogs Canis familiaris: A
review and evaluation of past research. Appl. Anim. Behav. Sci. 95:1-53.
Landsberg, G. M, Hunthausen, W., & Ackerman, L. J. 2003. Handbook of behaviour problems
of the dog and cat, 2nd ed. Saunders, New York, NY.
Landsberg, G., Hunthausen, W., Ackerman, L. 2013. Behaviour problems of the dog and cat.3rd
ed. Saunders, New York, NY.
Luescher, A.U., Reisner, I.R. 2008. Canine aggression toward familiar people: a new look at an
old problem. Vet. Clin. Small Anim. 38:1107-1130.
Ley, J.M., Bennett, P.C. 2007. Understanding personality by understanding companion dogs.
Anthrozoos: 20: 113-124.
Line, S., Voith, V.L. 1986. Dominance aggression of dogs towards people: behaviour profile and
response to treatment. Appl. Anim. Behav. Sci. 16:77-83.
Long, J., Freese, J. 2006. Regression models for categorical dependent variables using stat. Stata
Pres: College Station.
Lund, J.D., Agger, J.F., Vestergaard, K.S. 1996. Reported behaviour problems in pet dogs in
Denmark: age distribution and influence of breed and gender. Prev. Vet. Med. 28:33-48.
Martinez, A.G., Pernas, G.S., Casalta, J.D., Rey, L.S., Palomino, L.F. 2011. Risk factors
associated with behavioural problems in dogs. J. Vet. Behav. 6:225-231.

165

McConnell, P. 2013. Resource guarding: treatment and prevention. The other end of the leash
[Online]. Available: http://www.patriciamcconnell.com/theotherendoftheleash/Accessed:
May 1, 2015.
McGreevy, P., Masters, A. 2008. Risk factors or separation-related distress and feed-related
aggression in dogs: additional findings from a survey of Australian dog owners. Appl.
Anim. Behav. Sci. 109: 20-328.
Mertens, P. 2002. Canine aggression. In: Horwitz, D.F., Mills, D.S., Heath, S. (Eds) BSAVA
manual of canine and feline behavioural medicine. British Small Animal Veterinary
Association, Gloucester, England.
Messam, L.L.McV., Kass, P.H., Chomel, B.B., Hart, L.A. 2013. Age-related changes in the
propensity of dogs to bite. J. Vet. 197(2): 378-387.
Miklosi, A. 2009.Dog behaviour, evolution, and cognition. Oxford University Press.
Miller, D., Staats, S.R., Pertlo, C., Rada, K. 1996. Factors associated with the decision to
surrender a pet to an animal shelter. J. Am. Vet. Med. Assoc. 209: 738-742.
O'Farrell, V. 1997. Owner attitudes and dog behaviour problems. Appl. Anim. Behav. Sci.
52:205-213.
O'Sullivan, E.N., Jones, B.R., O'Sullivan, K.O., Hanlon, A.J. 2008. The management and
behavioural history of 100 dogs reported for biting a person. Appl. Anim. Behav. Sci.
114(1-2): 149-158.
Pageat, P. 2004. Evaluating the quality of behaviour development in puppies: preliminary results
of a new scale. S. Heath, C. Osella (Eds.), Proceedings of the 10th European Congress on
Companion Animal Behavioural Medicine, Cremona. pp. 19–24

166

Pirrone, F., Pierantoni, L., Mazzola, S.M., Vigo, D., Albertini, M. 2015. Owner and animal
factors predict the incidence of, and owner reaction toward, problematic behaviours in
companion dogs. J. Vet. Behav. 10:295-301.
Podberscek, A.L., Serpell, J.A. 1996. The English Cocker Spaniel: preliminary findings on
aggressive behaviour. Appl. Anim. Behav. Sci. 47:75-89.
Podberscek, A.L., Serpell, J.A. 1997. Environmental influences on the expression of aggressive
behaviour in English Cocker Spaniels. Appl. Anim. Behav. Sci. 52: 215-227.
Reisner, I.R., Mann, J.J., Stanley, M., Huang, Y., Houpt, K. 1996. Comparison of cerebrospinal
fluid monoamine metabolite levels in dominant-aggressive and non-aggressive dogs.
Brain Res. 714:57-64.
Rooney, N.J., Cowan, S. 2011. Training methods and owner-dog interactions: Links with dog
behaviour and learning ability. Appl. Anim. Behav. Sci. 132:169-177.
Saetre, P., Strandberg, E., Sundgren, P., Pettersson, U., Jazin, E., Bergstrom, T.F. 2006. The
genetic contribution to canine personality. Genes Brain Behav. 5: 240-248.
Tami, G., Gallagher, A. 2009. Description of the behaviour of domestic dog (Canis Familiaris)
by experienced and inexperienced people. Appl. Anim. Behav. Sci. 120(3-4): 159-169.
Toates, F. 2002.Physiology, motivation and the organization of behaviour. In: Jensen, P. (Ed.)
The ethology of domestic animals. CABI Oxfordshire, UK.
Vas, J., Topal, J. Gasci, M., Miklosi, A., Csanyi, V. 2005.A friend or an enemy? Dogs' reaction
to an unfamiliar person showing behavioural cues of threat and friendliness at different
times. Appl. Anim. Behav. Sci. 94:99-115.

167

Voith, V.L., Wright, J.C., Danneman, P.J. 1992. Is there a relationship between canine behaviour
problems and spoiling activities, anthropomorphism, and obedience training? Appl.
Anim. Behav. Sci. 34:263-272.
Wells, D.L., Hepper, P.G. 2000. Prevalence of behaviour problems reported by owners of dogs
purchased from an animal rescue shelter. Appl. Anim. Behav. Sci. 69(1): 55-65.
Wright, H. F. 2008.Impulsivity in the Domestic Dog (Canis familiaris). Thesis, University of
Lincoln.
Wright, H.F., Mills, D.S., Pollux, P.M.J. 2011.Development and validation of a psychometric
tool for assessing imulsivity in the domestic dog (Canis familiaris). International Journal
of Comparative Psychology. 24:210-225.
Wright, H.F., Mills, D.S., Pollux, P.M.J. 2012.Behavioural and physiological correlates of
impulsivity in the domestic dogs (Canis familiaris). Physiology and behaviour. 105(3):
676-682.

168

Table 4.1: Independent variables included in model building
Variable
Owner-related questions
Owner age

Owner gender

Number of people in household
Regular child interaction (age 0-12 y)1
Regular teen interaction (age 13-17 y)1
Number of dogs in household

Previous dog ownership
Attitude of pet ownership2

Dog-related questions
Current health problems
Sex and neuter status

Current body condition score (1-5 scale)

Breed type (AKC grouping)

Age of dog
Age dog was acquired
Where dog was acquired

Categories
18-24 years of age
25-44 years of age
45-64 years of age
≥ 65 years of age
Male
Female
Prefer not to answer
Continuous variable
Yes
No
Yes
No
1
2
3
≥4
Yes
No
Category 1
Category 2
Category 3
Yes
No
Spayed female
Intact female
Neutered male
Intact male
1
2
3
4
5
Cross breed
Toy
Terrier
Sporting
Non-Sporting
Hound
Herding
Continuous variable
≤ 4 months of age
> 4 months of age
Breeder (self or other)
Rescue
Shelter
Friend/Family
Online advertisement
Pet store
Guide dog services
Other
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Introduced to new people during socialization
age3
Introduced to new dogs during socialization age3

Experienced environments during socialization
age3
History of hunger

History of abuse

Sleep location

Physical activity/exercise per day

Number of meals fed per day

Frequency of being fed from owner's plate

Ever stolen human food items
While dog is eating, has the owner ever:3
Touched food, 8-16 weeks of age
Touched food, 16 weeks - 1 year
Touched food, 1+ years
Added palatable food pieces, 8-16 weeks of age
Added palatable food pieces, 16 weeks - 1 year
Added palatable food pieces, 1+ years
Taken food away, 8-16 weeks of age
Taken food away, 16 weeks -1 year
Taken food away, 1+ years
Hand fed the dog, 8-16 weeks

Yes
No
Not applicable
Yes
No
Not applicable
Yes
No
Not applicable
Yes
No
Unsure
Yes
No
Unsure
Owner's bed
Owner's bedroom (not in bed)
Other room in the house
In a crate
In a kennel (not main house)
Other
< 10 minutes
10-30 minutes
30-60 minutes
1-2 hours
2+ hours
1
2
3
4+
Often / Always
Sometimes / Rarely
Never
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
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Hand fed the dog, 16 weeks - 1 year

Yes
No
Hand fed the dog, 1+ years
Yes
No
Professional training method(s), if applicable2
Never attended professional classes
Positive Reinforcement/Negative Punishment only
Positive Punishment/ Negative Reinforcement only
Combination of above methods
Owner response following undesired behaviour2
Positive Reinforcement/Negative Punishment only
Positive Punishment/ Negative Reinforcement only
Combination of above methods
Perform "trade"4
Yes
No
Perform "drop it" reliably on command5
Yes
No
Perform "leave it" reliably on command6
Yes
No
Impulsivity score
Continuous variable
Fear score
Continuous variable
1
Regular interaction was described as at least once per week, occurring anytime during ownership
2
Variable categories further described in tables 2 and 3
3
Variables were only asked of owners when they had experienced these times in the dog's life
4
Owner offers a better item in exchange for item in possession
5
Immediate release of an item in possession, usually in mouth
6
Immediate exit from vicinity of item of interest
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Table 4.2: Description of categories for owner attitude toward their companion dogs
Attitude
Status of Own Dog(s)
Owner's View of Self

Category 1
Elevated status. Cherished
pet, child
Parent, friend

Role of Dog(s) in
Household

Cherished child, best
friend

Attitudes toward Other
Animals

Main concern is with own
dog(s). May be partial to
dogs in general, but
relatively indifferent to
other animals

Category 2
Equivalent to humans

Category 3
Below humans

Caretaker, guardian,
companion
Best friend, companion

Owner, boss

Universal concern for
animal welfare

Adapted from Blouin, 2013
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Useful in some capacity,
such as for protection,
entertainment
Different types of animals
have different purposes.

Table 4.3: Categorization of training approaches, methods or devices for variables of
"training methods" and "response following unwanted behaviour"
Categorized Variable
Positive Reinforcement/Negative Punishment only

Training methods included
Food treats
Clicker training
Verbal praise
Petting
Ignoring for incorrect responses / undesirable behaviours
Waiting for a correct response / desirable behaviour, then
reward
Redirection
Play

Positive Punishment/Negative Reinforcement only

Physical punishment, such as smacking or hitting
Choke chain/ Prong collar
Jerking on lead
Shock collar
Spray collar or bottle
Alpha roll
Grab by the scruff or muzzle
Shouting

Combination

At least one example from each list, above

173

Table 4.4: Characteristics of included and excluded dog owner participant population from
further analysis (total number of included participants = 2207; total number of excluded
participants = 861)
Characteristic

Video score

Owner gender
Owner age

Living area

Highest level of
education

Household income per
year

Owner location

Previous dog
ownership experience
Source of survey

Categories

0
1
2
3
4
Female
Male
18-24
25-44
45-64
>65
Rural
Urban
Suburban
Graduate
University
Trade
High School
Other
Over $91,000
$61,000-90,000
$31,000-60,000
Under $31,000
Canada
United States
Other
Unknown
Yes
No
Facebook
Email listserv
Science blog
Reddit/Kijiji
Breeder
SPCA website
Friend
Twitter
Other

Number of
excluded
participants
1
15
50
192
603
792
57
66
286
397
111
255
299
377
181
303
207
160
8
125
236
196
291
388
334
31
108
711
148
619
49
39
33
39
17
11
9
45
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% of
Excluded
Population
0.1%
2%
6%
22%
70%
92%
7%
8%
33%
46%
13%
30%
35%
44%
21%
35%
24%
19%
0.9%
15%
27%
23%
34%
45%
39%
3%
13%
83%
17%
72%
6%
5%
4%
5%
2%
1%
1%
5%

Number of
included
participants
2065
116
226
973
882
124
604
599
1003
521
830
341
496
17
732
504
614
316
802
1085
25
295
1829
371
1561
124
88
106
91
59
28
25
125

% of
Included
Population
94%
5%
10%
44%
40%
6%
27%
27%
45%
24%
38%
15%
22%
0.7%
33%
23%
28%
14%
36%
49%
1%
13%
83%
17%
71%
6%
4%
5%
4%
3%
1%
1%
6%

Table 4.5: Characteristics of included and excluded dog participant population from
further analysis (total number included dogs = 3589; total number of excluded dogs = 1268)
Characteristic

Origin of dog

Dog sex and neuter
status

Dog grouping by
American Kennel
Club categories

Reported RG status

Categories

Breeder (self or other)
Rescue
Shelter
Friend/Family
Online advertisement
Pet store
Guide dog services
Other
Intact Male
Intact Female
Neutered Male
Spayed Female
Toy
Terrier
Sporting
Non-Sporting
Working
Hound
Herding
Cross breeds
Rapid Ingestion People
Avoidance - People
Threats - People
Aggression - People
No RG - People

Number of
excluded
participants
568
255
184
118
48
26
13
56
141
135
486
506
83
74
189
78
108
83
222
431
271

% of Exc.
Population

493
119
34
593
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% of Inc.
Population

45%
20%
15%
9%
4%
2%
1%
4%
11%
11%
38%
40%
7%
6%
15%
6%
9%
7%
18%
34%
21%

Number of
included
participants
1517
769
680
317
104
82
9
111
329
348
1428
1448
228
215
449
203
303
220
669
1300
815

40%
9%
3%
47%

1423
380
102
1650

40%
11%
3%
46%

42%
21%
19%
9%
3%
2%
0.3%
3%
9%
10%
40%
40%
6%
6%
13%
6%
8%
6%
19%
36%
23%

Table 4.6: Number of dogs reported to express resource guarding by resource based on
responses of the included participants (n = 2804 dogs total)
Food
Rawhide
Treats
Toys
Other
Avoidance
38
778
326
782
606
Rapid Ingestion
614
62
483
4
8
Aggression (threats and bites)1
166
365
163
100
57
1
Threats and biting categories are combined for this description as they refer to similar behaviour
patterns and no further analyses were conducted on this information
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Table 4.7: Frequency of RG behaviour changes from past to present (at the time of the
study) for included participants (n = 3568 dogs)
Behaviour Change1
Frequency
No resource guarding & No change
538
Some form of resource guarding & No change
2499
Decreased aggression or frequency in present
397
Increased aggression or frequency in present
134
1
Includes all types of resource guarding in the presence of either people or other dogs
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Percent
15.07%
70.03%
11.13%
3.76%

Table 4.8: Multi-level logistic regression model of risk factors associated with resource
guarding (RG) avoidance in the presence of people (n = 1428 dogs)
Variable
Impulsivity score 1
Impulsivity score squared 1
Number of people in household
Number of dogs in household

Drop item(s) on command
Frequency of feeding from owner's plate 3

Categories 2

OR

-

9.94
-9.04
1.10
0.51
0.54
0.42
0.94
1.19
1.27
0.75
1.25
1.43
0.88
2.53
4.29
Estimate
0.259

2 vs. 1
3 vs. 1
≥4 vs. 1
2 vs. 3
2 vs. ≥4
3 vs. ≥4
Yes vs. No
R-S vs. Never
O-A vs. Never
R-S vs. O-A
Yes vs. No
Yes vs. No
-

RG Rapid Ingestion (people)
RG Avoidance (dogs)
Variance Component
Household
1
Reported in the log odds scale
2
For all comparisons, the second category is the referent
3
R-S represents "Rarely/Sometimes"; O-A represents "Often/Always"
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95% CI
Lower
Upper
7.03
12.85
-11.95
-6.12
1.03
1.18
0.42
0.62
0.43
0.68
0.33
0.54
0.75
1.18
0.94
1.51
0.98
1.65
0.61
0.92
1.05
1.49
1.12
1.82
0.69
1.10
2.11
3.04
3.66
5.03
95% CI
0.139
0.636

P-value
<0.0001
<0.0001
0.0045
<0.0001
<0.0001
<0.0001
0.6048
0.1230
0.0652
<0.0001
0.0116
0.0042
0.2587
<0.0001
<0.0001
P-value
0.0037

Table 4.9: Logistic regression model of risk factors associated with resource guarding (RG)
rapid ingestion in the presence of people (n = 815 dogs)
Variable
Impulsivity score 1
Age of dog
Owner attitude

Professional training methods

Categories 2
2 vs. 1
3 vs. 1
2 vs. 3
PR vs. None
PP vs. None
Combo vs.
None
PP vs. Combo
PP vs. PR
Combo vs. PR
Yes vs. No
Yes vs. No
Yes vs. No

OR
1.15
1.07
1.19
0.67
1.78
1.17
5.23
0.99

95% CI
Lower
Upper
1.08
1.23
1.04
1.09
0.95
1.49
0.42
1.07
1.15
2.74
0.96
1.43
1.85
14.78
0.78
1.27

<0.0001
<0.0001
0.1223
0.0944
0.0092
0.1291
0.0018
0.9828

5.24
4.47
0.85
1.21
2.45
1.84

1.84
1.58
0.68
1.00
2.06
1.45

0.0019
0.0047
0.1694
0.0478
<0.0001
<0.0001

14.90
12.60
1.07
1.45
3.92
2.35

P-value

Steal human food items
RG Avoidance (people)
RG Aggression (threats and bites)
(people))
RG Rapid Ingestion (dogs)
Yes vs. No
5.71
4.78
6.85
<0.0001
1
Impulsivity was treated as a linear variable in analyses. In the log odds scale, the effect was multiplied by 0.10 to
interpret the odds of RG rapid ingestion for every 10% increase in impulsivity score
2
Second category is referent
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Table 4.10: Logistic regression model of risk factors associated with resource guarding
(RG) aggression in the presence of people (n = 482 dogs)
Variable
Impulsivity 1
Fear 1
Drop item(s) on command
Experienced dog owner
Dog sex and neuter status

Breed type

Categories 2
Yes vs. No
Yes vs. No
IF vs. SF
IM vs. SF
NM vs. SF
IF vs. IM
IF vs. NM
IM vs. NM
Working vs. Mix
Toy vs. Mix
Terrier vs. Mix
Sporting vs. Mix
Non-Sporting vs. Mix
Hound vs. Mix
Herding vs. Mix
Herding vs. Hound
Herding vs. NonSporting
Herding vs. Sporting
Herding vs. Terrier
Herding vs. Toy
Herding vs. Working
Hound vs. NonSporting
Hound vs. Sporting
Hound vs. Terrier
Hound vs. Toy
Hound vs. Working
Non-Sporting vs.
Sporting
Non-Sporting vs.
Terrier
Non-Sporting vs. Toy
Non-Sporting vs.
Working
Sporting vs. Terrier
Sporting vs. Toy
Sporting vs. Working
Terrier vs. Toy
Terrier vs. Working
Toy vs. Working
Yes vs. No
Yes vs. No

OR
1.15
1.20
0.75
0.77
0.57
0.99
1.38
0.58
0.41
0.71
0.69
0.78
0.64
0.60
0.49
0.81
0.53
0.66
1.07

95% CI
Lower
Upper
1.08
1.24
1.12
1.28
0.61
0.92
0.59
0.99
0.35
0.92
0.64
1.52
1.12
1.72
0.32
1.05
0.25
0.66
0.47
1.09
0.46
1.06
0.52
1.17
0.40
1.03
0.42
0.87
0.29
0.85
0.53
1.22
0.39
0.74
0.41
1.07
0.59
1.92

P-value
<0.0001
<0.0001
0.0057
0.0482
0.0213
0.9461
0.0033
0.0698
0.0003
0.1174
0.0941
0.2224
0.0665
0.0061
0.0104
0.3005
0.0001
0.0934
0.8216

0.88
0.83
0.69
0.77
1.61

0.58
0.49
0.43
0.47
0.85

1.36
1.41
1.11
1.24
3.07

0.5706
0.4948
0.1276
0.2731
0.1446

1.33
1.26
1.04
1.15
0.83

0.80
0.69
0.61
0.67
0.45

2.21
2.26
1.79
2.00
1.52

0.2656
0.4493
0.8817
0.6115
0.5364

0.78

0.39

1.53

0.4684

0.65
0.72

0.34
0.38

1.22
1.36

0.1799
0.3077

0.94
0.78
0.87
0.83
0.92
1.11
1.52
4.37

0.54
0.47
0.52
0.46
0.51
0.64
1.22
3.47

1.63
1.29
1.44
1.49
1.66
1.92
1.89
5.46

0.8320
0.3371
0.5767
0.5335
0.7796
0.7163
0.0002
<0.0001

RG Rapid Ingestion (people)
RG Aggression (threats and
bites[dogs])
1
Impulsivity and fear were treated as linear variables in analyses. In the log odds scale, the effect was multiplied
by 0.10 to interpret the odds of RG aggression for every 10% increase in impulsivity score or fear score
2
Second category is the referent in these comparisons
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Table 4.11 : Logistic regression model of risk factors associated with resource guarding
(RG) biting aggression (n = 102) compared to RG threatening aggression (n = 380) in the
presence of people
Variable
Regular teen interaction
Leave item(s) on command
Hand feed dog 16weeks - 1year
RG Snap/Bite other dogs

Categories

OR

Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No

2.21
0.46
2.21
6.41
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95% CI
Lower
Upper
1.12
4.37
0.24
0.87
1.15
4.26
3.41
12.05

P-value
0.0250
0.0209
0.0205
<0.0001

Table 4.12: Logistic regression model for increased frequency or change to a more
undesirable type (n = 134) of resource guarding (RG) behaviour pattern compared to those
with no change in RG pattern (n = 2499)
Variable
Take food away >1 year of age

Categories
Yes vs. No

OR
1.88
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95% CI
Lower
Upper
1.16
3.06

P-value
0.0109

Table 4.13: Logistic regression model for decreased frequency or change to a more
desirable type (n = 397) of resource guarding (RG) behaviour pattern compared to those
with no change in RG pattern (n = 2499)
Variable
Health problem(s)
Add tasty bits of food to bowl
while eating 16 weeks - 1 year
Take food away 8 -16 weeks

Categories

OR

Yes vs. No
Yes vs. No

1.69
1.77

95% CI
Lower
Upper
1.23
2.34
1.27
2.46

Yes vs. No

0.69

0.51
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0.96

P-value
0.0014
0.0008
0.0263

Figure 4.1: Graphic representation of the relationship between change in impulsivity score
and likelihood of resource guarding (RG) avoidance in the presence of people
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Impulsivity Score1

1

Impulsivity score ranged between 0.20 and 0.96; with a score of 0.62 at the 90% quartile (25% quartile: 0.32, 50%
quartile: 0.40, 75% quartile: 0.52). The graph displays the predicted probability of the behaviour over the 0-90%
quartile range.
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CHAPTER FIVE
Factors associated with the expression of rapid ingestion, avoidance and aggressive resource
guarding behaviour in response to the presence of other dogs

5.1 Abstract
Resource guarding (RG) involves the use of specific behaviour patterns to control access to an
item of potential "value" (as perceived by the dog), and can be expressed in the presence of
various animals, including other dogs. Factors associated with different RG patterns in the
presence of people were previously identified. Previous aggression research suggests it is likely
that there are different factors involved in RG directed in the presence of other dogs compared to
people. Therefore, the current study aimed to identify factors associated with RG patterns
expressed around other dogs. Data collection was concurrent with the previously described
study. Dog owners (n = 3068) were recruited through social media to answer questions regarding
dog- and household-related factors, as well as their dog's current and past behaviour around
resources in the presence of other dogs. Participants were screened for their ability to identify
different forms of resource guarding from video, and were removed from the study if they
incorrectly identified any of the videos provided. This resulted in a final sample of 2,207
participants (n = 3,589 dogs). Multiple multi-level logistic regression models were developed to
determine the association between independent variables of interest and RG patterns (i.e., RG
aggression, avoidance, and rapid ingestion) when in the presence of other dogs, and some key
results are presented. Dogs living in multi-dog households were more likely to display RG
aggression, avoidance, and rapid ingestion (p < 0.01) compared to dogs that live without other
dogs. Dogs with higher levels of impulsivity and fear were more likely to display RG aggression

185

(p < 0.001). Neutered males (p < 0.01) were more likely to be RG aggressive compared to dogs
of other sexes and neuter statuses. Teaching dogs to reliably "drop" items when requested was
associated with a reduced likelihood of biting RG aggression (p <0.05). Distinct associative
relationships between the patterns of RG in the presence of other dogs were identified. Dogs that
express RG aggression were less likely to express RG avoidance or RG rapid ingestion, however,
the latter two types were likely to co-occur, perhaps dependent on the type of resource involved.
This suggests that dogs may be relatively more fixed in their action around items in the presence
of dogs compared to people. However, a longitudinal study is important to determine the exact
nature of relationships between RG patterns. The results identified in this study can be used as a
basis for further investigation on factors influencing RG behaviour in the presence of other dogs.

5.2 Introduction
Resource competition (i.e., "resource guarding") is suggested to be part of the normal
behavioural repertoire of animals, observed across a wide range of species such as lizards
(Stamps, 1977), mice (Wolff and Cicirello, 1989), birds (Gowaty, 1993), and baboons (Henzi et
al., 2003). Related behaviours have also been described in a number of canid species including
wolves kept in captivity (Keone et al., 2002), free-ranging domestic dogs (Cafazzo et al., 2010;
Mangalam and Singh, 2013), and domestic dogs kept as companion animals (described between
dogs and humans only) (Guy et al., 2001b; McGreevy and Masters, 2007). Resource guarding
involves the maintenance of control over a resource and may involve a perceived or real
competition for an item, whether this competition is intentional by the other party or not (Archer,
1988). Competition depends upon the signals and actions of the individual that may be a
potential threat, and the interpretation of those signals from the individual in control of the
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resource. Some dogs may recognize any individual within a certain radius as a threat to control
over the resource (i.e., a potential competitor), regardless of the individual's signals or actions.
Various factors related to RG in the presence of humans were previously identified (Chapter 4).
Intra-specific resource guarding may have different etiological roots considering the relationship
and communication between dogs is likely different compared to the relationship and
communication between dogs and humans (Reisner, 2003; Simpson, 1997).
A number of studies have assessed the behaviour of wolves during situations involving
potential resource competition. Wolves generally hunt in family units (i.e., "packs") and
cooperate to take down large prey (Mech, 1970). When spatially feasible, all of the members of
a wolf unit position their bodies around the prey item and consume the meal together; this
cooperative hunting and feeding is observed to be relatively harmonious among group members
(Mech, 1970). It has been suggested that members of the pack use body postures and expressions
to confirm social bonds and cooperation, which aids in maintaining low levels of aggression
between members of the group (Bradshaw and Nott, 1995). Interestingly, when wolves are
placed in captivity or a limited spatial area and composition is artificially determined or managed
by people, aggression and competition for resources are reported at increased frequencies in
comparison to wild populations (Keone et al., 2002; Wilmers and Stahler, 2002). Further, when
the wolves are in captivity, the likelihood and type of aggressive threat displays tend to be reliant
on external factors, such as hunger level (Kappe, 1997). For example, wolves were observed to
produced growls that were longer in duration and lower in pitch when placed in a competitive
scenario following several days of food withdrawal compared to when they were well fed in an
identical scenario (Kappe, 1997).
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Although wolves are ancestors of the dog (Miklosi, 2009), the domestication process has
produced fundamental shifts in survival requirements and cooperation between conspecifics, and
as a result, the behaviour of the two species may no longer be comparable, particularly in certain
contexts. The feeding behaviour of natural-living wolves shows many differences from that of
domestic dogs; free-ranging dogs (perhaps more comparable than companion dogs to wild
wolves) do not tend to show cooperative hunting behaviours, and tend to be reliant on humans
for food (Mangalam and Singh, 2013). When domestic dogs are kept as companions and placed
in a confined space, such as a house, and among important resources, such as food, opportunities
for competition may increase. However, Bradshaw and colleagues (2016) argue that unlike freeranging dogs, companion dogs do not have to compete to stay alive and reproduce. Given a
predictable feeding schedule with adequate caloric intake, resource guarding may not be
functionally necessary in companion dogs. Regardless, RG behaviour is still observed in
domestic companion dogs (Guy et al., 2001a) in variable degrees and types (Appendix B), and
remains a problematic behaviour for pet owners (Pirrone et al., 2015). For dog owners in multidog households, resource guarding between dogs is a serious issue given the consistent and
frequent interaction between conspecifics (Siracusa, 2016). To date, no research has examined
the etiology of resource guarding behaviour between dogs and it is unknown if different factors
influence the expression of this behaviour when it is directed at other dogs versus directed at
humans. The objectives of this study were the following: to investigate factors associated with
the expression of rapid ingestion, avoidance, and aggressive patterns of resource guarding by
dogs when in the presence of other dogs, and to identify any associations between the three types
of resource guarding behaviour patterns in the presence of other dogs. We hypothesized that
avoidance and rapid ingestion would be likely to co-occur and have a negative relationship with
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aggressive patterns of RG. Additional hypotheses included, 1) aggressive RG would share a
positive relationship with positive punishment and negative reinforcement training methods, 2)
owner manipulations of the food bowl (e.g., touching or taking food from the dog while eating)
would share a positive relationship with aggressive RG, and 3) impulsivity and fear would share
a positive relationship with all patterns of RG.

5.3 Materials and Methods
The study protocol was reviewed and cleared by the University of Guelph Research
Ethics Board (REB #14DC030). Full details of the questionnaire development and design,
participants, and data management were described in Chapter 4, and are summarized below. In
brief, a retrospective survey was developed to assess the factors associated with resource
guarding rapid ingestion, avoidance, and aggression when in the presence of other dogs.

5.3.1 Participants
Participation was restricted to primary dog owners that were over the age of 18.
Participants were recruited online using snowball sampling; initial online advertisements
describing the study and inviting participation were distributed through Facebook, Kijiji,
Craigslist, and Ontario Veterinary College listservs, which included faculty, staff and student
groups from the college. Owners with multiple dogs were given the opportunity to complete
separate surveys for up to three dogs, starting with the dog they had owned the longest and
restricting owners to this choice if they declined to complete the survey for more than one of
their dogs.
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5.3.2 Tutorial and assessment quiz
A tutorial and brief quiz to inform and assess participants' ability to correctly identify
behaviour patterns related to different forms of resource guarding (i.e., avoidance, rapid
ingestion, threatening, and biting aggression) were employed prior to the start of the main
questionnaire. The tutorial consisted of descriptions and video examples for the four forms of
resource guarding followed immediately by a quiz to assess owner‟s ability to identify the
different forms of resource guarding, which included novel video samples. All videos were
validated by experts (Chapter 3) for the four forms of resource guarding in advance. In total, the
eligibility-assessment quiz consisted of participants watching five videos; four videos
representing each of the four behaviour categories of resource guarding: (1) avoidance, 2) rapid
ingestion, 3) threatening aggression (e.g., growl, freeze, teeth bare), 4) aggression involving a
snap or bite), plus an additional video example of a dog that did not display any form of resource
guarding behaviour. Following each video, participants were asked to select the behaviour
category that most accurately described the behaviour observed in the video. Participants were
not informed of their success in the assessment quiz prior to beginning the full survey, and all
participants were eligible to complete the full questionnaire. Only responses from participants
that correctly identified all five resource guarding categories on the eligibility-assessment quiz
were included in the final analysis.

5.3.3 Main questionnaire
The questionnaire was developed in consideration of the current literature on proposed
risk factors for canine aggression (Landsberg et al., 2013; Overall, 2013) in addition to
information gathered from experts on description, prevention and treatment techniques for
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resource guarding (Chapter 2 and Appendix A). The questionnaire was piloted for question
clarity with 10 dog owners. The final questionnaire consisted of nine sections: (i) owner
demographic information: age, gender, geographical location, education, income, household
member size, history owning dogs, belief about dog-owner relationships; (ii) dog information:
breed, weight and body condition score (on a five-point scale represented by pictures), current
age, origin, sex and neuter status, age when acquired; (iii) either: socialization history or history
of hunger and abuse (dogs acquired at an age of less than 4 months received questions regarding
socialization (i.e., whether they were introduced to new dogs, people and places), while dogs
acquired at an age of more than 4 months received questions regarding whether it was known if
the dogs had experienced hunger or abuse prior to the current owner placement); (iv) household
environment: dog living and sleeping arrangements, whether children and teenagers often
interact with the dog; (v) exercise: daily amount, type; (vi) feeding practices: number of meals
per day, how often the dog is fed from the owner's plate, if the dog ever steals food, if ever and
how often the owner touched the food dish while the dog was eating, added food, took the food
dish away or hand fed their dog during various age categories; (vii) training: professional dog
class attendance and types of methods utilized, whether the dog reliably performs drop, leave it
and trade, owner response immediately following an undesirable action from the dog; (viii)
personality: validated impulsivity and fear assessments (Wright et al., 2012; Hsu and Serpell,
2003); and (ix) present and past behaviour around resources towards people and other dogs.
Specific to the questions relating to their dog‟s present and past behaviour around
resources in the presence of other dogs, owners were asked to identify the type of resource
guarding, if any, their dog commonly displays around food and non-food items (based on the
category choices learned in the tutorial). Owners were able to indicate more than one option if
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their dog displayed a different type of resource guarding in a different context. In addition,
owners were asked if their dog's behaviour around resources had changed (i.e., was expressed in
a different form or had changed in frequency) from the past to the time of the survey.
Impulsivity was assessed using an extracted subscale from a previously validated questionnaire
to reflect behavioural and physiological correlates of impulsivity (Wright et al., 2012). General
fear was assessed using three scales from the validated Canine Behavioural Assessment and
Research Questionnaire (Hsu and Serpell, 2003) including: 1) stranger-directed fear scale, 2)
non-social fear scale, and 3) dog-directed fear scale. For the impulsivity questionnaire, owners
were asked to indicate their level of agreement for each statement on a 5-point Likert scale with
an opportunity to answer "do not know/ not applicable". For the fear questionnaire, owners were
asked to indicate the level of fear commonly observed in each scenario on a 4-point scale with an
opportunity to answer "do not know/not applicable".

5.3.4 Statistical analysis
Breeds were combined into American Kennel Club (AKC) categories for analysis. When
applicable (i.e., when owners had attended professional training classes with their dog), the type
of training methods utilized during class as well as owner response towards the expression of
undesirable behaviours were collapsed into their corresponding reinforcement and punishment
categories (i.e., positive reinforcement, negative reinforcement, positive punishment, and
negative punishment) based on scientific literature (Bowen and Heath, 2005). The individual
items for impulsivity were scored as follows: strongly agree = 5, mostly agree = 4, partly
agree/partly disagree = 3, mostly disagree = 2, strongly disagree = 1. A total score for
impulsivity was calculated by taking the sum of all questions and dividing it by the total number

192

of questions answered, multiplied by five as suggested by the original author (Wright, 2008).
The individual fear questions were scored as follows: none = 0, mild = 1, moderate = 2, severe =
3. A total score for fear was calculated by taking the sum of all questions and dividing it by the
total number of questions answered, as suggested by the original authors (Hsu and Serpell,
2003). For all scales, a high score represents a generally more impulsive or fearful dog while low
scores indicate a relatively less impulsive or fearful dog.
Four multi-level logistic regression models were fitted (SAS 9.4, SAS institute, Cary,
NC) to determine the association between the independent variables (Tables 5.1 - 5.3) and
different categories of resource guarding (i.e., RG avoidance, RG rapid ingestion, RG aggression
(threatening and biting aggression combined)) as well as factors distinguishing biting RG
aggressive dogs from non-biting RG aggressive dogs when in the presence of other dogs. To
determine if either positive, negative, or no associations existed between the different categories
of resource guarding, each of the three categories of RG were added to the model when they
were not the dependent variable of interest. As the model building process was identical for each
dependent variable of interest, the general description provided below serves to represent all
model building.
Univariable statistics were initially performed to identify variables using a liberal p-value
(p < 0.20) for potential inclusion in the multi-variable model. To account for participants
completing more than one questionnaire for multi-dog households, a random intercept of
participant identification was explored within each model including owner-level variables nested
within the random intercept. The random intercept was removed from the model if the estimate
was calculated to be zero, and results of the ordinary logistic regression model were reported.
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To build the main effects model, forward stepwise regression was performed due to the
large number of variables to be tested and the potential for having to build multiple models for
each outcome variable of interest. A main effects model was identified with variables having a
requirement of a p-value less than 0.05 to remain in the model. Model building began by adding
each retained variable to the model, starting with variables of the smallest p-value as determined
by the univariable analysis. Informed through a causal diagram (Dohoo et al., 2003), eliminated
variables were re-added to the model to assess potential confounding by measuring the change in
the coefficients (in log odds scale) with removal of each potential confounder. A 20% change or
more in the coefficients was used to identify a confounding variable (Dohoo et al., 2003). All
potential two-way interactions were tested for significance for all main effects within each model
prior to final variable elimination. Continuous variables were tested for linearity by adding a
quadratic term to the model and testing the significance of that term (Dohoo et al., 2003). If the
quadratic variable was significant, it was retained in the model. A lowess curve was assessed
visually to determine the shape of the relationship between the continuous variable and the
outcome variable and to confirm the decision to model a quadratic relationship. To assess the fit
of the models, we assessed the normality and homogeniety of variance of best linear unbiased
predictors (BLUPS) using a normal quantile plot and by plotting the predicted outcome against
the BLUPS, respectively. Pearson residuals were also assessed visually to identify any potential
outliers. It was not possible to estimate the amount of variation explained by the final logistic
regression model as pseudo R2 measures have been demonstrated to give widely varying results
and are thus inappropriate to rely upon and report (Long and Freese, 2006; Hoetker, 2007). To
estimate the amount of variance explained at the household level compared to the dog level, the
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Variance Partition Coefficient (VPC) was estimated from the variance component in the mixed
model using the latent variable technique (Dohoo et al., 2003). This was calculated as:
VPC = variance component estimate (VCE)
(VCE + π2/3)

5.4 Results
5.4.1 Demographics
As described elsewhere (Chapter 4), 3,068 individuals completed the survey, providing
information for a total of 4,857 dogs. A little over half of participants reported living in a multidog household (64%; n = 1,668), with the majority answering questions for more than one dog
(79%; n = 1,323). The majority of participants (72%; n = 2,207) correctly identified all five
video examples in the assessment quiz and the majority of those that received less than a perfect
score (70%; n = 603) were incorrect on only one video with the example of threatening
behaviour as the most commonly misidentified (51%; n = 305). Owner-related demographics for
both the excluded and included participant populations are displayed in Table 5.4. Dog ages in
the included population ranged from 6 to 216 months (i.e., 18 years) with a mean of 69 months
(i.e., approximately 5 1/2 years). For the included population, dog levels of impulsivity ranged
from 0.20 to 0.96 (on a scale of 0 to 1) with a mean of 0.44 (median = 0.40; mode = 0.30). Dog
levels of fear ranged from 0.25 to 0.93 (on a scale of 0 to 1) with a mean of 0.43 (median = 0.41;
mode = 0.25). Additional dog-related demographics for both the excluded and included
populations are displayed in Table 5.5.
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5.4.2 Prevalence of RG types
The prevalence of each type of resource guarding was similar between excluded and
included populations (Table 5.5). The only category to differ more than 5% between the two
populations was the number of dogs reported to not display resource guarding towards other
dogs. The excluded population reported 31%, whereas the included population reported 22% of
dogs to not have any type of resource guarding towards other dogs.
Within the included population, RG aggression towards other dogs is displayed more
frequently around rawhides, followed by food and edible treats, respectively (Table 5.6). RG
rapid ingestion is displayed more frequently around quickly ingested items such as food and
treats, whereas RG avoidance is displayed more frequently around items that are slower to ingest
or moveable, such as rawhides and toys. Nearly 80% (n = 2804) of dogs display some type of
resource guarding in the presence of other dogs. Furthermore, dogs displaying dog-associated
resource guarding were found to commonly express either one (49%; n = 1383) or two (41%;
n=1139) types of resource guarding behaviours, followed much less frequently by three (9%;
n=261) and four (0.7%; n=21) types of resource guarding.

5.4.3 Factors associated with RG avoidance
The final multi-level model for dogs displaying RG avoidance in the presence of dogs
included statistically significant associations with the number of dogs in the household, owner
attitude towards pet ownership, food removal between 16 weeks and 1 year of age, RG
aggression (threats and bites) and rapid ingestion in the presence of other dogs, and RG
avoidance in the presence of people (Table 5.7). Dogs were significantly more likely to show RG
avoidance towards dogs if they lived in multi-dog households compared to a single-dog
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household, but there was no significant increase in risk as the number of dogs increased from
two to four or more. Owners viewing themselves as companions to dog(s) or viewing themselves
as boss for attitude towards dog ownership were significantly more likely to have dogs that
display RG avoidance towards other dogs than owners viewing themselves as parents to dog(s)).
Owners that removed their dog‟s food while eating during the ages of 16 weeks to 1 year were
significantly more likely to have dogs that display RG avoidance towards other dogs. Dogs
reported to additionally display RG rapid ingestion towards dogs or RG avoidance towards
people were significantly more likely to also display RG avoidance towards dogs. Dogs
additionally displaying RG aggression towards other dogs were significantly less likely to also
display RG avoidance. The majority of the variance was explained at the dog level (92.2%), with
only a small amount explained at the household level (7.8%).

5.4.4 Factors associated with RG rapid ingestion
The final multi-level model for dogs displaying RG rapid ingestion in the presence of
other dogs included statistically significant associations with the impulsivity score and its
quadratic term, owner gender, the number of dogs in the household, stealing human food items,
food removal between 16 weeks and 1 year of age, RG aggression and RG avoidance in the
presence of other dogs and RG rapid ingestion in the presence of people (Table 5.8). As
displayed (Figure 5.1), the predicted probability of RG rapid ingestion increased with an
increasing impulsivity score up to 0.55, at which point the probability of RG rapid ingestion
levelled off. Female owners were significantly more likely to have a dog that displays RG rapid
ingestion around other dogs. Dogs were significantly more likely to show RG rapid ingestion
around other dogs if they lived in multi-dog households compared to being the only dog within
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the household, but there was no significant increase in risk as the number of dogs increased from
two to four or more. Dogs that steal human food items were significantly more likely to display
RG rapid ingestion. Owners that removed their dog‟s food while eating during the ages of 16
weeks to 1 year were more likely to have dogs that display RG rapid ingestion towards other
dogs. Dogs that also display RG avoidance in the presence of other dogs or RG rapid ingestion in
the presence of people were more likely to display RG rapid ingestion around dogs. Dogs that
additionally display RG aggression in the presence of dogs were less likely to also display RG
rapid ingestion around dogs. The majority of the variance was explained at the dog level
(90.2%), with only a small amount explained at the household level (9.8%).

5.4.5 Factors associated with RG aggression towards other dogs
The final multi-level model for dogs displaying RG aggression in the presence of other
dogs included statistically significant associations with impulsivity score, fear score, age
category of owner, the number of dogs in the household, the number of meals the dog consumes
each day, dog sex and neuter status, breed type, RG aggression in the presence of people and RG
rapid ingestion and RG avoidance in the presence of other dogs (Table 5.9). There was a positive
relationship between impulsivity score and RG aggression, as well as a positive relationship
between fear score and RG aggression. In general, as owner age category increased, the
likelihood of RG aggression decreased. Living in a group of two, three or four or more dogs
significantly increased the odds of RG aggression compared to a single-dog household. Dogs
consuming one meal a day were significantly more likely to be RG aggressive than dogs who
consumed two or three meals per day, but there was no difference between dogs consuming one
meal versus four or more meals per day. Neutered males were significantly more likely to be RG
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aggressive towards other dogs compared to spayed females, intact females and intact males.
Herding breed types were significantly more likely to be RG aggressive compared to sporting
and working breeds, while working and sporting breeds were significantly less likely to be RG
aggressive compared to cross breeds. Dogs that are RG aggressive toward people are also
significantly more likely to be RG aggressive toward other dogs. In contrast, dogs that display
RG rapid ingestion or RG avoidance towards other dogs were less likely to also display RG
aggression. The majority of the variance was explained at the dog level (96.9%), with only a
small amount explained at the household level (3.1%).

5.4.6 Factors associated with biting dogs compared to threatening aggressive dogs
The final multi-level model identified the age of the dog, reliable performance of "drop"
items on command, and RG biting in the presence of people to be factors statistically associated
with whether RG aggressive dogs bite or do not bite (Table 5.10). The probability of biting
significantly increased as the age of the dog increased. Dogs that drop items reliably were
significantly less likely to bite. Finally, dogs that perform RG biting towards people were
significantly more likely to bite other dogs when in possession of a resource. The majority of the
variance was explained at the dog level (93.3%), with only a small amount explained at the
household level (6.7%).

5.5 Discussion
5.5.1 Relationship between RG types
The current analyses revealed several distinctive relationships between the expression of
the three forms of resource guarding in the presence of other dogs. For dogs commonly
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displaying RG avoidance and rapid ingestion in the presence of another dog, RG aggression was
less likely to be observed. A similar association was observed for dogs commonly displaying RG
aggression in the presence of other dogs; RG avoidance and rapid ingestion were less likely to be
observed. The co-occurrence of RG rapid ingestion and RG avoidance is interesting; the current
results suggest that these two behavioural patterns may have a similar functional basis, and are
possibly based upon similar actions that have been modified to incorporate the best strategy
considering the properties of the item of interest. For example, rapid ingestion is generally
utilized around easy to ingest edible food items, such as kibble in a food bowl, whereas
avoidance is utilized around items that are easy to pick up and slow to ingest, such as toys or
rawhides. Both approaches are alternatives to the use of aggression, while still maintaining
control over the item of interest. Interestingly, these patterns did not emerge in the models
assessing resource guarding in the presence of people (Chapter 4). It is possible that dogs are
required to be more flexible in their RG behaviour patterns around people depending on the
behaviour of the approaching individual. The ability of people to correctly infer the behaviour of
dogs varies (Tami and Gallagher, 2009), and some owners may misinterpret RG avoidance with
playful behaviour, forcing the dog to adjust their response. Dogs may be better at both conveying
and interpreting behaviour signals to and from another conspecific (Simpson, 1997), allowing the
dog to maintain a relatively consistent pattern of behaviour. Interestingly, dogs that are
aggressive when in possession of a resource around dogs are also more likely to show RG
aggression in the presence of people. The same pattern was found for rapid ingestion and
avoidance, suggesting that dogs exhibiting a specific form of resource guarding around people
are also more likely to display that same form in the presence of dogs.
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Furthermore, the results suggest that more dogs display resource guarding behaviour in
the presence of other dogs than they do towards people (considering Chapter 4). This effect
mirrors previous research on the prevalence of aggression directed towards dogs versus people in
a U.K. dog owner survey population (Casey et al., 2013). The results are likely indicative of the
decreased tolerance of problematic behaviour in the presence of people compared to dogs. It may
be easier to manage a dog with resource guarding issues associated with other dogs compared to
people, as owners could simply make efforts to avoid areas where there might be other dogs,
particularly when considering the advantage of a single-dog household.

5.5.2 Training a drop command
Based on findings of research into dogs‟ RG behaviour in the presence of people and the
findings of the current study, training and ensuring the reliable performance of a "drop"
command among companion dogs appears to be an important measure for preventing resource
guarding behaviour, regardless of target. The odds of a dog biting another dog when around or in
possession of a resource were decreased if the dog was able to reliably "drop" an item at an
owner's request. Furthermore, a reliable “drop” command was negatively associated with
decreased displays of avoidance, aggressive RG in the presence of people (Chapter 4).
Considering the performance of this behaviour relies on the presence of a person to make the
request, it is surprising that it was significant for any dog-related resource guarding types. It is
possible that the reliable performance of this command is related to overall obedience, and this
may influence general behavioural control. Further, it is possible that training this command
works particularly well when managing the behaviour in a controlled environment where people
are constantly present, such as in a multi-dog household. A recent case study described an
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improvement in resource guarding behaviour between two dogs within a household after the
owners had trained the dog to respond to commands such as "drop" and "leave it", among
additional recommendations such as the use of positive reinforcement and negative punishment
(Siracusa, 2016). These theories have yet to be empirically tested on a broad scale, but
regardless, research is highlighting the importance of teaching a "drop" command as an
important management measure for resource guarding in response to both people and other dogs.
Longitudinal studies may confirm this technique as a preventative measure as well.

5.5.3 Household composition and owner attributes
Dogs living in multi-dog households were more likely to display RG avoidance, rapid
ingestion, and aggression in the presence of other dogs. McGreevy and Masters (2008) also
reported an increase in the probability of food-related aggression in the presence of other dogs as
the number of dogs in the household increased. This is a rather intuitive finding, since the
opportunity for the behaviour to be expressed by the dog and observed by the owner increases
when multiple dogs co-habitate in the same environment. Owners with multiple dogs may need
to practice more intense management techniques, such as feeding in separate rooms or not
allowing rawhides in the house, particularly when the aggressive form of the behaviour is a
concern.
The current results suggest there is a relationship between owner attitude and RG
avoidance towards other dogs. Specifically, owners that considered their dog(s) to be their
companions or below humans were more likely to have a dog that displayed RG avoidance in the
presence of other dogs compared to owners that considered their dog(s) to be like a child. Pirrone
and colleagues (2015) reported owners who considered their dog to be their child were more
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likely to be human-childless, and individuals without children tend to be more devoted and
attached to their dogs (Marinelli et al., 2007). Blouin (2013) stated that owners with parental
attitudes towards their dogs are more likely to anthropomorphize them, "spoil" them with
specially cooked food, provide them with stroller rides, and consider their health and protection
to be a top priority. The daily activities of this group may prevent or decrease the dog's
opportunity to interact with other dogs, thus also decreasing the necessity of or opportunity to
observe RG avoidance. However, if correct, this reasoning should be applicable to all types of
resource guarding, yet we do not see a universal effect of owner attitude. The role of owner
attitude on resource guarding behaviour patterns is an area warranting further research in future
studies, as there may be some important mediating factors in owners‟ actions that influence the
likelihood of RG "problem" behaviours.
Owner gender was associated with dogs that commonly display RG rapid ingestion
around other dogs. Female owners were almost twice more likely than males to report this
behaviour. Similar to the recent owner-based surveys of Casey and colleagues (2013, 2014) and
Pirrone and colleagues (2015), there were more female respondents (94%) to this survey than
male respondents (5%). It is possible that this extreme gender-response difference created an
inadvertent bias related to owner gender. However, owner gender was not significantly
associated with any other type of resource guarding towards dogs, nor was it associated with any
type of resource guarding toward people (Chapter 4). This makes interpretation challenging,
particularly because to date, no studies have investigated intra-specific resource guarding, and
only a limited number have investigated intra-specific general aggression with which we can
draw parallels. Casey and colleagues (2013) investigated factors associated with intra-specific
aggression in dogs and did not find a relationship with the likelihood of aggression and the
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gender of the owner. In contrast, Roll and Unshelm (1997) reported that dogs with male owners
had a higher likelihood of instigating intra-specific aggressors, but in the current study, we did
not find an association between owner gender and RG aggression in the presence of dogs. It is
possible that there is some unknown mediating factor influencing the relationship between RG
rapid ingestion around dogs and owner gender. Female owners may be more observant of their
dog's behaviour compared to male owners; however, this hypothesis is not supported by a
relatively recent study in which no gender effects were found in the ability to assess different
behaviour patterns in dogs (Tami and Gallagher, 2009). Alternatively, female owners may feed
their dogs or give them treats or toys more frequently than male owners, thus creating greater
opportunity to observe and report the behaviour. Although this has not been specifically
addressed in the literature, an observational study reported women and men to have similar
levels of attachment to their dogs, with shared caregiver strategies when in a committed
heterosexual relationship (Prato-Previde et al., 2006). However, this study had a small number of
participants (n=25), and is likely not representative of the care-giving strategies for all dog
owners. Reports of gender differences should be disseminated with caution, as being a male
respondent does not exclude the possibility of females being present in the home, thus decreasing
the clarity of these results.
Owner age was found to be associated with dogs displaying RG aggression in the
presence of other dogs. Owners over 65 years of age were at a decreased risk of having an
aggressive resource guarding dog compared to all other age categories. These results agree with
Casey and colleagues (2013), who report a similar relationship between owner age and the
likelihood of intra-specific canine aggression during walks. It is possible that a reduced risk of
aggression with older owners is associated with lifestyle differences, such as more predictable
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schedules compared to young families with variable activity patterns. Furthermore, older owners
may have more time to dedicate to their dog‟s mental stimulation and training. These lifestyle
theories have not been empirically tested, but it would be advantageous to understand the reasons
for the effect of age on resource guarding aggression to advise younger generations to mimic the
more successful environmental conditions or handling practices of older dog owners if possible.
It is also possible that older owners are more experienced at selecting dogs that might be less
likely to display problematic behaviours. With each successful experience, they may be more
likely to continue owning dogs throughout their lives. Finally, there is the possibility that older
owners are less tolerant of owning an aggressive dog, either taking steps to manage the unwanted
behaviour or relinquishing their dog. Further research should explore these potential effects to
determine the exact nature of the relationship between owner age and RG aggression in order to
properly advise owners on initial dog selection and lifestyle choices in order to minimize the risk
of the behaviour.

5.5.4 Food management
Dogs who experienced food removal during meal times were more likely to display RG
avoidance and rapid ingestion in the presence of other dogs. As this was a cross-sectional study,
it is difficult to know if dogs already displayed RG avoidance and rapid ingestion behaviour
patterns and owners chose to use this technique as a treatment, or if owners who removed the
food bowl had some level of responsibility in causing the non-aggressive resource guarding
patterns of behaviour. In addition, considering that the removal of the food bowl is performed by
a person and the RG behaviour pattern is expressed in the presence of other dogs further
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confounds interpretation. Future research should consider investigating the nature of this
relationship in a longitudinal study with consideration of other mediating factors.
Dogs that steal human food items were more likely to display rapid ingestion of
consumable resources in the presence of other dogs, which agrees with factors reported for RG
rapid ingestion in the presence of people (Chapter 4). This adds further support to the suggestion
that dogs commonly displaying this behaviour may simply be more food motivated, increasing
the likelihood of both RG rapid ingestion and stealing food. For this variable in particular, it is
difficult to determine whether stealing human food items is a risk factor for developing RG rapid
ingestion, or if stealing food is simply part of the behavioural repertoire of dogs that rapidly
ingest food items. As this variable was associated with RG rapid ingestion in the presence of
both dogs and people, the two seem inextricably related regardless of causality. Provided dog
owners do not object to the stealing of human food items, and the stolen items are not dangerous
to the dog, this is a relatively benign behaviour posing less threat and concern for dog and human
safety.
Interestingly, dogs that consume only one meal per day were more likely to display RG
aggression around other dogs compared to dogs consuming two or three meals per day, although
there was no difference between dogs consuming one and four or more meals per day. Due to the
response choices in this question, participants were limited to selecting between "1" and "4+"
meals per day, and those owners that offer ad libitum feeding would have been forced to select
"4+", influencing our interpretation of the feeding schedule. O'Sullivan and colleagues (2008)
reported ad libitum feeding to be associated with a history of biting aggressive behaviour in the
presence of people. In contrast, Podberscek and Serpell (1997) reported that diet and feeding
regime were not associated with biting aggression in the presence of people. However, the
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conflicting reports may be due to differences in contexts. Our results suggest this variable is
only associated with RG aggression in the presence of other dogs, as it was not found to be
associated with the presence of people. Dogs consuming only one meal per day may experience
increased hunger, which could result in stronger food motivation than dogs that have the
opportunity to eat more frequently, leading to RG aggression. While the lack of difference
between dogs consuming one and four or more meals per day appears to contradict this theory, it
is possible that smaller, more frequent meals are less effective at producing satiety, again
resulting in hunger. In addition, our survey did not ask participants to report how often dogs
consumed food in the presence of other dogs, which would be an important factor in fully
understanding these findings. Further research is needed to understand this relationship in order
to provide guidance to dog owners regarding feeding practices.

5.5.5 Dog neuter status, sex, breed and age
Dogs expressing RG aggression in the presence of other dogs were more likely to be
male and neutered, which is consistent with results for resource guarding around people (Chapter
4). Associations reported in the literature between sex, neuter status and intra-specific aggression
are conflicting. Podberscek and Serpell (1997) report a higher likelihood of intra-specific
aggression within the household with neutered dogs, regardless of sex. In contrast, in a case
series of 38 cases of intra-specific aggression (of which the majority of dogs were neutered),
Wrubel and colleagues (2011) report a greater likelihood of aggression between same-sex pairs
within the household, particularly between females. Casey and colleagues (2013) report no
association between sex or neuter status with intra-specific aggression in a survey of 3,897 dog
owners. Similarly conflicting results reported in the literature for neuter and sex-related

207

associations with aggression toward people exist (Casey et al., 2014; Martinez et al., 2011; Guy
et al., 2001c). Some of this disagreement may arise from the tendency to investigate aggression
in a broad sense (i.e., any type of aggression expressed toward people or other dogs), which may
inadvertently compare different types of aggression. In addition, as mentioned previously
(Chapter 4), the temporal relationship between neutering and aggression is unclear in
retrospective surveys. In some cases, neutering may be a consequence of aggression, rather than
a cause (Podbersek and Serpell, 1996). Further investigation of sex, neuter status, and intraspecific aggression through prospective studies are needed to fully understand the relationship
between these variables of interest.
In the presence of other dogs, mixed breeds and herding breeds were more likely to be
aggressive around resources when compared to sporting and working breed groups. As identified
in Chapter 4, effects of breed are challenging to interpret. Casey and colleagues (2013) found no
relationship between breed group and the likelihood of intra-specific aggression within or outside
the home. Roll and Unshelm (1997) reported an over-representation of "instigating aggression"
(i.e., dogs deemed to be the initiator of fights between other dogs) from German Shepherds,
Rottweilers, Hovawarts, Great Danes, Doberman Pinschers and Boxers based on a database
representing registered purebred dogs in Germany. However, the authors relied on owner reports
of the "instigator" and "victim", which may be difficult to observe and accurately interpret,
causing owners to (perhaps with bias) choose the larger of the two dogs as the instigator.
Furthermore, mixed breeds were not reported in this group due to their lack of representation in
breed registration databases. A recent survey suggests that working breeds are more "trainable"
and less fearful, which may make them less inclined to display aggression (Asp et al., 2015),
although the authors grouped dogs into only two categories (i.e., working versus not working,
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based on requirements from the Swedish Working Dog Association), limiting comparisons
between studies. The relationship between breed and intra-specific aggression appears to be
complex, which is understandable given that breed may only contribute to a predisposition for a
decreased or increased aggressive response threshold and the interaction with other factors
ultimately influence a dog‟s behavioural response (Jensen, 2002).
The odds of RG biting aggression in the presence of other dogs increased slightly for
each year of dog age, and this agrees with Casey and colleagues (2013), who reported an
increasing risk for general aggression towards other dogs, within and outside the home, as the
dog's age increased. Similar findings were reported for general aggression in the presence of
people by Drobatz and Smith (2003), Martinez and colleagues (2011), and Messam and
colleagues (2013). It is possible that over time, cumulative competitive experiences over
resources have decreased the threshold for biting aggression. Learning is likely to play a role in
the expression of aggression over time (Haug, 2008), therefore this theory holds merit.

5.5.6 Dog temperament traits
The temperament trait of impulsivity was significantly associated with resource guarding
rapid ingestion and aggression when in the presence of other dogs. Similar results were reported
in Chapter 4 for the association between impulsivity and resource guarding in the presence of
people. Impulsivity is related to inhibitory control, which has been implicated in the expression
of a range of "problem" behaviours, including aggression (Higley et al., 1992). It has been
suggested that this trait is comprised of various facets, many of which might influence aggressive
behaviour; in general, individuals with greater levels of impulsivity show a decreased ability to
tolerate delay of reinforcement (Wright et al., 2012), or difficulty in response control (Eagle and
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Robbins, 2003). Although yet to be empirically tested, it is possible different types of resource
guarding are predisposed by different facets of impulsivity. For example, it is possible that rapid
ingestion in general is associated with a decreased ability to delay reinforcement, as individuals
falling into this category are typically unwilling to tolerate a delay before consuming a treat
(Wright, 2008). Further, RG aggression may be related to impulse control, as this form of
impulsivity has been suggested to play a role in the expression of other forms of aggression
(Reisner et al., 1996). However, the relationship between impulsivity and all types of aggression
should be further explored given the potential implications for this trait. Owners identifying their
dogs as having higher levels of impulsivity could learn methods to decrease arousal in
aggression-eliciting scenarios as a preventive measure, in particular.
Consistent with results in Chapter 4, dogs with resource guarding aggression in the
presence of other dogs had higher levels of fearfulness, as identified by participant‟s general
rating of their dog‟s fear. Fearfulness is a temperament trait that is frequently implicated in the
expression of "problem" behaviour, particularly aggression (Hsu and Serpell, 2003). For example
several studies have found positive relationships between the response of dogs in fearstimulating circumstances and owner reports of aggression (Pageat et al., 2004; Guy et al.,
2001b). It is possible that resource guarding is influenced by an underlying anxiety that items
will be removed from the dog when approached (Landsberg et al., 2013). However, further
research is needed to determine whether fear plays a role in causing RG aggression. Increased
levels of fear may predispose dogs to develop the aggressive form of resource guarding, or an
unidentified factor may be mediating both fear and aggression.
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5.5.7 Variability at the dog- and household-level
Interestingly, a much greater amount of variability was explained at the dog level
compared to the household level for all types of RG behaviour. This suggests that dog-level
factors (e.g., temperament traits, breed) are more important to the expression of RG compared to
household-level factors (e.g., owner attitude, age). However, our list of factors were not
exhaustive, nor was this a longitudinal study. Future studies may identify other factors that may
influence the degree of variability for each level in the model.

5.5.8 Limitations
A high prevalence of resource guarding behaviour in the current study, including
avoidance and rapid ingestion (78% around dogs), may not be representative of the general
population of dogs given the potential for selection bias. However, this is the first research to
report information including non-aggressive forms of resource guarding behaviour, which are
relatively easier to manage compared to the aggressive form (Pirrone, 2015). Therefore, the high
prevalence reported in this study may not be far removed from the true population prevalence
when including both aggressive and non-aggressive forms of RG. Removal of participants
scoring less than 100% on the assessment quiz was a unique approach to an owner-response
survey relating to identification of RG, and decreased the potential for misclassification bias in
our dependent variables. Although difficult to directly measure, misclassification bias is a fairly
common problem in survey research as the researcher is reliant on the participant to accurately
report and classify the outcome of interest (Dohoo et al., 2003). Indeed, our results indicate that
there is a proportion of the population that is unable to accurately recognize some forms of
resource guarding behaviour. The decision to remove individuals scoring less than perfect on the
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resource guarding assessment quiz was supported in comparisons between the prevalence data
for included and excluded population for resource guarding in the presence of dogs. For the
excluded population, 31% of owners reported that their dog does not show any type of resource
guarding towards other dogs, whereas owners in the included population reported 22%.
Considering the excluded population had the most difficulty identifying threatening behaviour, it
is possible they may have misidentified dogs with non-biting aggression as non-resource
guarders and by removing them we prevented some degree of misclassification.
Finally, not all participants may have had the opportunity to observe their dog interacting
with other dogs around resources, particularly those that live in single-dog households. This may
result in underreporting of RG behaviour in the presence of dogs. However, considering the large
percentage of multi-dog household respondents, we have good representation from a population
of dogs that frequently interact with other dogs.

5.6 Conclusion
This is the first study to examine factors associated with the expression of both nonaggressive and aggressive forms of resource guarding behaviour in the presence of other dogs.
This study was unique in that it applied a screening tool to increase the validity of participant‟s
responses and reduce the potential for misclassification bias in our dependent variables. Factors
involved in the expression of non-aggressive forms of RG may be important if they prove to be
factors predisposing of RG aggression, therefore, the current study was important to reduce the
number of factors to consider in future longitudinal studies. This study revealed several
important factors associated with aggression around resources in the presence of dogs. In
particular, our results emphasized the potential importance of teaching dogs to reliably drop
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items for management of RG behaviour. Further longitudinal investigation should confirm the
importance of this training tool as a method for prevention. In addition, we found that there are a
number of dog-related factors that are associated with RG aggression in the presence of other
dogs, suggesting some dogs may be more or less predisposed to the behaviour. Similar to results
reported previously in relation to dogs‟ expression of RG in the presence of people (Chapter 4),
RG aggression in the presence of other dogs was more likely in neutered males, mixed breeds,
and was positively associated with both impulsivity and fearfulness. Finally, we also found that
owner and household characteristics, such as household composition and owner age were related
to increased resource guarding behaviour in the presence of other dogs. Further research in these
areas would be valuable in fully understanding whether there are secondary factors that underlie
these effects. Future research involving a longitudinal study examining potential causal
relationships between the factors identified in the current study and the expression of various
forms of RG in dogs in the presence of other dogs is warranted.
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Table 5.1: List of independent variables tested in model building
Variable
Owner-related questions
Owner age

Owner gender

Number of people in household
Regular child interaction (age 0-12 y)1
Regular teen interaction (age 13-17 y)1
Number of dogs in household

Previous dog ownership
Attitude of pet ownership2

Dog-related questions
Current health problems
Sex and neuter status

Current body condition score (1-5 scale)

Breed type (AKC grouping)

Age of dog
Age dog was acquired
Where dog was acquired

Introduced to new people during socialization

Categories
18-24 years of age
25-44 years of age
45-64 years of age
≥ 65 years of age
Male
Female
Prefer not to answer
Continuous variable
Yes
No
Yes
No
1
2
3
≥4
Yes
No
Category 1
Category 2
Category 3
Yes
No
Spayed female
Intact female
Neutered male
Intact male
1
2
3
4
5
Cross breed
Toy
Terrier
Sporting
Non-Sporting
Hound
Herding
Continuous variable
≤ 4 months of age
> 4 months of age
Breeder (self or other)
Rescue
Shelter
Friend/Family
Online advertisement
Pet store
Guide dog services
Other
Yes
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age3
Introduced to new dogs during socialization age3

Experienced environments during socialization
age3
History of hunger

History of abuse

Sleep location

Physical activity/exercise per day

Number of meals fed per day

Frequency of being fed from owner's plate

Ever stolen human food items
While dog is eating, has the owner ever:3
Touched food, 8-16 weeks of age
Touched food, 16 weeks - 1 year
Touched food, 1+ years
Added palatable food pieces, 8-16 weeks of age
Added palatable food pieces, 16 weeks - 1 year
Added palatable food pieces, 1+ years
Taken food away, 8-16 weeks of age
Taken food away, 16 weeks -1 year
Taken food away, 1+ years
Hand fed the dog, 8-16 weeks
Hand fed the dog, 16 weeks - 1 year

No
Not applicable
Yes
No
Not applicable
Yes
No
Not applicable
Yes
No
Unsure
Yes
No
Unsure
Owner's bed
Owner's bedroom (not in bed)
Other room in the house
In a crate
In a kennel (not main house)
Other
< 10 minutes
10-30 minutes
30-60 minutes
1-2 hours
2+ hours
1
2
3
4+
Often / Always
Sometimes / Rarely
Never
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

222

No
Yes
No
Professional training method(s), if applicable2
Never attended professional classes
Positive Reinforcement/Negative Punishment only
Positive Punishment/ Negative Reinforcement only
Combination of above methods
Owner response following undesired behaviour2
Positive Reinforcement/Negative Punishment only
Positive Punishment/ Negative Reinforcement only
Combination of above methods
Perform "trade"4
Yes
No
Perform "drop it" reliably on command5
Yes
No
Perform "leave it" reliably on command6
Yes
No
Impulsivity score
Continuous variable
Fear score
Continuous variable
1
Regular interaction was described as at least once per week, occurring anytime during ownership
2
Variable categories further explained in tables 2 and 3
3
Variables were only asked of owners when they had experienced these times in the dog's life
4
Owner offers a better item in exchange for item in possession
5
Immediate release of an item in possession, usually in mouth
6
Immediate exit from vicinity of item of interest
Hand fed the dog, 1+ years
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Table 5.2: Description of categories for owner attitude toward their companion dogs
Attitude
Status of Own Dog(s)
Owner's View of Self

Category 1
Elevated status. Cherished
pet, child
Parent, friend

Role of Dog(s) in
Household

Cherished child, best
friend

Attitudes toward Other
Animals

Main concern is with own
dog(s). May be partial to
dogs in general, but
relatively indifferent to
other animals

Category 2
Equivalent to humans

Category 3
Below humans

Caretaker, guardian,
companion
Best friend, companion

Owner, boss

Universal concern for
animal welfare

Adapted from Blouin, 2013
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Useful in some capacity,
such as for protection,
entertainment
Different types of animals
have different purposes.

Table 5.3: Categorization of training approaches, methods or devices for variables of
"training methods" and "response following unwanted behaviour"
Categorized Variable
Positive Reinforcement/Negative Punishment only

Training methods included
Food treats
Clicker training
Verbal praise
Petting
Ignoring for incorrect responses / undesirable behaviours
Waiting for a correct response / desirable behaviour, then
reward
Redirection
Play

Positive Punishment/Negative Reinforcement only

Physical punishment, such as smacking or hitting
Choke chain/ Prong collar
Jerking on lead
Shock collar
Spray collar or bottle
Alpha roll
Grab by the scruff or muzzle
Shouting

Combination

At least one example from each list, above
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Table 5.4: Characteristics of included and excluded dog owner participant populations
from further analysis (total number of included participants = 2207; total number of
excluded participants = 861)
Characteristic

Video score

Owner gender
Owner age

Living area

Highest level of
education

Household income per
year

Owner location

Previous dog
ownership experience
Source of survey

Categories

0
1
2
3
4
Female
Male
18-24
25-44
45-64
>65
Rural
Urban
Suburban
Graduate
University
Trade
High School
Other
Over $91,000
$61,000-90,000
$31,000-60,000
Under $31,000
Canada
United States
United Kingdom
Other
Unknown
Yes
No
Facebook
Email listserv
Science blog
Reddit/Kijiji
Breeder
SPCA website
Friend
Twitter
Other

Number of
excluded
participants
1
15
50
192
603
792
57
66
286
397
111
255
299
377
181
303
207
160
8
125
236
196
291
388
334
19
12
108
711
148
619
49
39
33
39
17
11
9
45
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% of
Excluded
Population
0.1%
2%
6%
22%
70%
92%
7%
8%
33%
46%
13%
30%
35%
44%
21%
35%
24%
19%
0.9%
15%
27%
23%
34%
45%
39%
2%
1%
13%
83%
17%
72%
6%
5%
4%
5%
2%
1%
1%
5%

Number of
included
participants
2065
116
226
973
882
124
604
599
1003
521
830
341
496
17
732
504
614
316
802
1085
0
25
295
1829
371
1561
124
88
106
91
59
28
25
125

% of
Included
Population
94%
5%
10%
44%
40%
6%
27%
27%
45%
24%
38%
15%
22%
0.7%
33%
23%
28%
14%
36%
49%
0
1%
13%
83%
17%
71%
6%
4%
5%
4%
3%
1%
1%
6%

Table 5.5: Characteristics of included and excluded dog participant populations from
further analysis (total number included dogs = 3589; total number of excluded dogs =1268)
Characteristic

Origin of dog

Dog sex and neuter
status

Dog grouping by
American Kennel
Club categories

Reported RG status

Categories

Breeder (self or other)
Rescue
Shelter
Friend/Family
Online advertisement
Pet store
Guide dog services
Other
Intact Male
Intact Female
Neutered Male
Spayed Female
Toy
Terrier
Sporting
Non-Sporting
Working
Hound
Herding
Cross breeds
Rapid Ingestion Dogs
Avoidance - Dogs
Threats - Dogs
Aggression - Dogs
No RG - Dogs

Number of
excluded
participants
568
255
184
118
48
26
13
56
141
135
486
506
83
74
189
78
108
83
222
431
301

% of
Excluded
Population
45%
20%
15%
9%
4%
2%
1%
4%
11%
11%
38%
40%
7%
6%
15%
6%
9%
7%
18%
34%
24%

Number of
included
participants
1517
769
680
317
104
82
9
111
329
348
1428
1448
228
215
449
203
303
220
669
1300
962

% of
Included
Population
42%
21%
19%
9%
3%
2%
0.3%
3%
9%
10%
40%
40%
6%
6%
13%
6%
8%
6%
19%
36%
27%

569
340
123
391

45%
27%
10%
31%

1718
1051
501
785

48%
29%
14%
22%
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Table 5.6: Number of included dogs reported to commonly express resource guarding by
resource (n = 2804 dogs total)
Food
Rawhide
Treats
Toys
Other
Avoidance
125
973
468
1048
666
Rapid Ingestion
711
56
610
7
7
Aggression (threats and bites)1
939
1156
734
548
294
1
Threats and biting categories are combined for this description as they refer to similar behaviour patterns
and no further analyses were conducted on this information
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Table 5.7: Multi-level logistic regression model of risk factors associated with resource
guarding (RG) avoidance in the presence of dogs (n = 1718 dogs)
Variable

Categories 1

OR

95% CI
Lower
Upper
0.82
1.34
0.79
1.24
0.76
1.18
0.47
0.70
0.48
0.76
0.46
0.73
1.12
1.66
1.31
2.69
0.54
1.11
1.07
1.53
0.45
0.62
1.92
2.71
3.98
5.49
95% CI
0.159
0.608

≥4 vs. 3
1.05
≥4 vs. 2
0.99
3 vs. 2
0.95
1 vs. 2
0.57
1 vs. 3
0.61
1 vs. 4
0.58
Owner attitude2
2 vs. 1
1.37
3 vs. 1
1.87
2 vs. 3
0.77
Take food away 16 weeks - 1 year
Yes vs. No
1.28
RG Aggression (threats and bites (dogs))
Yes vs. No
0.53
RG Rapid Ingestion (dogs)
Yes vs. No
2.28
RG Avoidance (people)
Yes vs. No
4.67
Variance Component
Estimate
Household
0.278
1
The second category is the referent for each comparison
2
Additude includes: 1) elevated status of dog, 2) dog viewed as companion, 3) owner considered boss
Number of dogs in household
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P-value
0.7290
0.9339
0.6271
<0.0001
<0.0001
<0.0001
0.0007
0.0020
0.1649
0.0064
<0.0001
<0.0001
<0.0001
P-value
0.0014

Table 5.8: Multi-level logistic regression model of risk factors associated with resource
guarding (RG) rapid ingestion in the presence of dogs (n = 962)
Variable
Impulsivity score1
Impulsivity score squared 1
Owner gender
Number of dogs in household

Steal human food items
Take food away 16 weeks - 1 year
RG Aggression (threats and bites (dogs))
RG Avoidance (dogs)
RG Rapid Ingestion (people)
Variance Component
Household
1
Estimate is presented in the log odds scale
2
The second category is the referent

Categories 2
Female vs.
Male
3 vs. ≥4
2 vs. ≥4
2 vs. 3
1 vs. 2
1 vs. 3
1 vs. ≥4
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
Yes vs. No
-

OR
4.780
-4.38
1.82
0.90
0.97
1.07
0.69
0.74
0.66
1.27
1.30
0.65
2.16
5.46
Estimate
0.356
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95% CI
Lower
Upper
1.63
7.93
-7.53
-1.23
1.12
2.96
0.69
0.75
0.84
0.55
0.57
0.51
1.06
1.09
0.54
1.81
4.55

1.19
1.24
1.36
0.86
0.95
0.87
1.53
1.66
0.76
2.57
6.58
95% CI
0.198
0.826

P-value
0.0030
0.0065
0.0158
0.4581
0.7855
0.5689
0.0012
0.0196
0.0026
0.0089
0.0063
<0.0001
<0.0001
<0.0001
P-value
0.0023

Table 5.9: Multi-level logistic regression model of risk factors associated with resource
guarding (RG) aggression in the presence of dogs (n = 1551)
Variable
Impulsivity score1
Fear score 1
Owner age

Number of dogs in household

Number of meals per day

Dog sex and neuter status

Breed type

Categories 2
45-65 vs >65
yrs
25-44 vs >65
yrs
18-24 vs. >65
yrs
18-24 vs. 25-44
18-24 vs. 45-64
25-44 vs. 45-64
3 vs. ≥4
2 vs. ≥4
2 vs. 3
1 vs. 2
1 vs. 3
1 vs. ≥4
3 vs. ≥4
2 vs. ≥4
1 vs. ≥4
1 vs. 2
1 vs. 3
2 vs. 3
IF vs. SF
IM vs. SF
NM vs. SF
IF vs. IM
IF vs. NM
IM vs. NM
Working vs.
Mix
Toy vs. Mix
Terrier vs. Mix
Sporting vs.
Mix
Non-Sporting
vs. Mix
Hound vs. Mx
Herding vs.
Mix
Herding vs.
Hound
Herding vs.
Non-Sporting
Herding vs.
Sporting
Herding vs.
Terrier
Herding vs. Toy

231

OR
1.11
1.15
1.64

95% CI
Lower
Upper
1.06
1.17
1.09
1.21
1.19
2.27

P-value
<0.0001
<0.0001
0.0029

2.47

1.78

3.42

<0.0001

2.23

1.50

3.31

<0.0001

0.90
1.36
1.51
0.85
0.73
0.86
0.71
0.61
0.52
0.61
0.77
1.09
1.41
1.78
1.26
0.81
0.88
1.26
0.93
0.65
0.70
0.66

0.69
1.03
1.29
0.68
0.59
0.70
0.59
0.49
0.42
0.33
0.45
0.61
1.13
1.23
0.92
0.67
0.69
1.07
0.66
0.49
0.53
0.49

1.17
1.79
1.78
1.06
0.90
1.05
0.86
0.76
0.65
1.12
1.33
1.94
1.77
2.56
1.72
1.15
1.16
1.47
1.30
0.84
0.92
0.87

0.4312
0.0296
<0.0001
0.1544
0.0033
0.1395
0.0005
<0.0001
<0.0001
0.1123
0.3514
0.7767
0.0027
0.0021
0.1456
0.1098
0.3348
0.0044
0.6536
0.0013
0.0095
0.0035

0.84
0.77
0.64

0.62
0.56
0.501

1.14
1.06
0.81

0.2743
0.1074
0.0003

0.80

0.58

1.11

0.1794

0.77
0.94

0.56
0.76

1.04
1.15

0.0907
0.5313

1.22

0.87

1.71

0.2449

1.16

0.82

1.64

0.4015

1.46

1.12

1.92

0.0059

1.22

0.87

1.71

0.2587

1.10

0.79

1.53

0.5586

Herding vs.
Working
Hound vs. NonSporting
Hound vs.
Sporting
Hound vs.
Terrier
Hound vs. Toy
Hound vs.
Working
Non-Sporting
vs. Sporting
Non-Sporting
vs. Terrier
Non-Sporting
vs. Toy
Non-Sporting
vs. Working
Sporting vs.
Terrier
Sporting vs.
Toy
Sporting vs.
Working
Terrier vs. Toy
Terrier vs.
Working
Toy vs.
Working
Yes vs. No
Yes vs. No
Yes vs. No

1.43

1.05

1.94

0.0215

0.95

0.63

1.45

0.8124

1.20

0.84

1.72

0.3241

0.99

0.66

1.51

0.9887

0.90
1.17

0.60
0.80

1.36
1.72

0.6249
0.4230

1.26

0.87

1.83

0.2200

1.05

0.69

1.60

0.8250

0.95

0.63

1.44

0.8131

1.23

0.83

1.83

0.3024

0.83

0.58

1.20

0.3212

0.75

0.53

1.08

0.1196

0.98

0.70

1.36

0.8909

0.91
1.18

0.60
0.79

1.37
1.74

0.6396
0.4192

1.30

0.88

1.90

0.1838

RG Rapid Ingestion (other dogs)
0.53
0.46
0.62
0.0001
RG Avoidance (other dogs)
0.72
0.61
0.85
<0.0001
RG Aggression (threats and bites)
3.61
3.48
5.59
<0.0001
(people))
Variance Component
Estimate
95% CI
P-value
Household
0.1054
0.0352
1.209
0.0993
1
Impulsivity and fear were treated as linear variables in analyses. In the log odds scale, the effect was multiplied
by 0.10 to interpret the odds of RG rapid ingestion for every 10% increase in impulsivity or fear score
2
Second category is referent
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Table 5.10: Multi-level logistic regression model of risk factors associated with resource
guarding (RG) biting aggression (n = 501) compared to RG threatening aggression (n =
1051) in the presence of dogs
Variable
Age of dog (per 1 year increase)
Drop item(s) on command
Aggression around people
Variance Component
Household

Categories
Yes vs. No
Yes vs. No
-

OR
1.05
0.76
8.20
Estimate
0.236
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95% CI
Upper
1.08
0.95
14.71
95% CI
0.092
1.418
Lower
1.02
0.60
4.59

P-value
0.0025
0.0171
<0.0001
P-value
0.0570

Figure 5.1: Graphical representation of the relationship between impulsivity score and the
predicted probability of RG rapid ingestion towards dogs

45
40

Probability

35
30
25
20
15
10
5
0

Impulsivity Score1

1

Impulsivity score ranged between 0.20 and 0.96; with a score of 0.62 at the 90% quartile (25% quartile: 0.32, 50%
quartile: 0.40, 75% quartile: 0.52). The graph displays the predicted probability of the behaviour over the 0-90%
quartile range.
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CHAPTER SIX
Conclusion and general discussion

6.1 Introduction
Resource guarding is a term used to describe the actions a dog performs to achieve or
maintain control of an item. Related behaviours are observed across a wide range of species
(Archer, 1988), and are considered part of the normal canine behavioural repertoire (Miklosi,
2009). At least three patterns of resource guarding behaviour have been observed in companion
dogs: RG rapid ingestion, which involves rapid consumption of an edible item, RG avoidance,
which involves blocking access to an item through body position or location change, and RG
aggression, which involves behaviours such as growling, baring teeth, snapping or biting
(Appendix B).
Patterns of behaviour involving aggression are the most concerning to dog owners due to
related safety risks (Pirrone et al., 2015), and considering that items eliciting resource guarding
aggression are generally consumed or interacted with daily, this type of aggression is commonly
diagnosed (Luescher and Reisner, 2008). A cross-sectional survey of dog owners visiting
veterinary clinics estimated five percent of dogs growl, snap or bite when people try to remove
food, toys or other objects from the dog (Guy et al., 2001). Although there are no reports of the
prevalence of this behaviour directed toward other animals, general literature on aggression
suggests it may be even higher for intra-species interaction (Casey et al., 2013; Haug, 2008).
The limited research on the etiology of resource guarding has been primarily focused on
behaviour patterns involving aggression directed toward people (Guy et al., 2001b; McGreevy
and Masters, 2008). These studies have identified several potential risks such as a dog being of
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mixed breed, increased age of the dog at acquisition, an increased number of dogs in the
household, and feeding from the owner's dinner plate (Guy et al., 2001; McGreevy and Masters,
2008). However, considering the existence of non-aggressive forms and the potential for these
forms to serve as precursors to patterns involving aggression, this may be too narrow an
approach. Furthermore, surveys that rely on owners to accurately identify the outcome of
interest (i.e., their dog's behaviour around resources) are at risk for misclassification bias, which
would decrease the validity of the conclusions drawn.
The overwhelming concern regarding the aggressive form of resource guarding may
explain the preference for some authors to refer to this behaviour as "possessive aggression"
(e.g., Horwitz and Neilson, 2007; Landsberg et al., 2003; Overall, 2013) or "food-related
aggression" (Beaver, 2009). Through descriptions of each term, it is assumed the authors are all
referring to the same pattern of behaviour described also as "resource guarding". Effective
communication with a dog owner is paramount to the success of the owner‟s response to their
dog‟s behaviour. Furthermore, research efforts focused on causation of aggression or efficacy of
treatments for aggression may be negatively impacted when the type of aggression is
misidentified or poorly described. Consistent application of one term with a clear description is
preferred to avoid issues concerning communication with pet owners as well as to ensure
research validity.
Further research is needed to confirm the importance of previously identified associated
factors as well as expand upon the current knowledge of resource guarding aggression. Obtaining
this information is an important step for informing prevention methods. The current thesis
contributes to a greater understanding of resource guarding behaviour in dogs, as well as
providing a scientific basis with which to continue research efforts on this topic.
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6.2 Summary
This thesis is comprised of four major experimental studies: the first study examined the
opinions of canine behaviour experts on the meaning of and preference for the terms possessive
aggression and resource guarding. In brief, fourteen canine behaviour experts participated in an
online discussion board and they expressed a variety of perspectives about the use and meaning
of the terms resource guarding and possessive aggression. For several reasons, the majority of
individuals participating in the discussion board preferred the term resource guarding over
possessive aggression. Upon analysis of the discussion it became clear that the majority of
experts believe possessive aggression describes a sub-set of the potential behaviour patterns and
it is limited in its application to the expression of aggressive behaviours. Experts suggested the
word "aggression" within the term "possessive aggression" was too limiting considering that
non-aggressive behaviour patterns could be used by the dog for the same functional outcome.
Further, there was an underlying concern among participants about owner perception of the
behaviour when the word “possessive” or “possession” was applied, fearing that owners might
misinterpret the behaviour as a competition with the dog over item ownership, potentially
leading to the application of positive punishment-based training methods. Concern over term
perception likely contributed to several participants‟ belief that the term resource guarding better
communicates the motivation of the behaviour. Most participants suggested that the aim of the
term should be to inform dog owners about the normal nature of the behaviour and ultimately
decrease the chance that performance might result in conflict between the owner and the dog.
The second study aimed to identify the degree to which dog owners were able to
recognize different types of resource guarding behaviour patterns, and served as a basis for the
creation of an identification tool for future studies. Threatening behaviours, in particular, are
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recognized as important for dog owners to identify because they are generally observed
immediately prior to biting and snapping (Archer, 1988), and being able to identify these
warning signals could help to prevent dog aggression over resources (Landsberg et al., 2013). A
total of 1,438 dog owners complete the survey assessing dog owner ability to recognize different
types of resource guarding behaviour patterns. Overall, we determined that dog owners were able
to identify severe aggression to a high degree of accuracy; whereas, dog owners had a greater
level of difficulty identifying avoidance, rapid ingestion and threats (e.g., growling, freezing,
body tension, and baring teeth). Further, we assessed the influence of the level of prior dog
experience (e.g., attendance at dog training classes, or previous dog-related employment) on the
ability of participants to recognize the behavioural categories of resource guarding as it has been
suggested that hands-on experience with dogs may help people to correctly interpret dog
behaviour (Bahlig-Pieren and Turner, 1999). We found that individuals that reported having
attended professional training classes or had self-identified advanced knowledge of dog
behaviour were more likely to correctly identify the behaviour categories than those that did not
report these additional experiences with dogs, although this effect was relatively small. This
suggests there is a level to which people can improve their ability to identify patterns of
behaviour, possibly through education or additional exposure to dogs in various situations.
From this study, we extracted one video example from each category of resource
guarding (i.e., avoidance, rapid ingestion, threatening aggression and biting aggression, as well
as a video example containing no resource guarding), each with a high degree of (correct)
agreement between participants. These five video examples formed the basis for the creation of
an identification tool with which to test owners using an eligibility assessment quiz (i.e., test
their ability to correctly identify different categories of resource guarding) prior to our large-
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scale survey (Chapters 4 & 5). This tool supports the validity of the conclusions drawn from the
study presented in Chapters 4 and 5 of the current thesis by ensuring that dogs were categorized
properly by the outcome of interest.
The third and fourth studies aimed to identify factors associated with the performance of
different resource guarding behaviour patterns when directed at people and other dogs,
respectively. The total number of dog owners to respond to the survey was 3,068, which
provided information for 4,857 dogs. Of the complete list of participants, 2,207 (n=3,589 dogs)
met the inclusion criteria of the study by correctly identifying all five video examples in the
eligibility assessment quiz. The majority of participants to receive less than a perfect score were
incorrect on only one video, with the example of threatening aggression proving to be the most
frequent form of resource guarding incorrectly identified. The prevalence of each type of
resource guarding was similar between the two populations of participants (i.e., the "included"
population, which received a perfect score on the eligibility assessment quiz, and the "excluded"
population, which did not receive a perfect score). When comparing demographic and outcome
variables between the two populations, the only variable to differ in prevalence more than 5%
between the two populations was the number of dogs reported to not display resource guarding
towards other dogs, suggesting we may have decreased the likelihood of misclassification bias.
Factors associated with resource guarding in the presence of people revealed several
interesting results. In particular, our results emphasized the importance of teaching dogs to
reliably drop and leave items, which had previously been suggested as a preventative measure by
veterinary behaviourists (Bowen and Heath, 2005; Landsberg et al., 2013) although this has yet
to be empirically demonstrated. In addition, we found that there were a number of dog-related
factors that were associated with RG aggression in the presence of people, suggesting some dogs
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may be more or less predisposed to the behaviour. Specifically, RG aggression was more likely
in neutered males, mixed breeds, and was positively associated with both impulsivity and fear
scores. Finally, we also found that owner and household characteristics, such as household
composition and owner experience were related to increased resource guarding behaviour in the
presence of people, suggesting there are environmental factors that influence the expression of
this behaviour. Several factors were found to be associated with non-aggressive forms of
resource guarding but these may be relatively less important, unless future longitudinal research
reveals the non-aggressive forms to precede or predispose dogs to the development of aggressive
patterns of resource guarding in the presence of people.
Further, we assessed factors influencing an improvement or exacerbation of resource
guarding behaviour over time (i.e., from past behavioural responses around resources to current
behaviour displayed at the time of response to the survey). This analysis revealed several
interesting factors regarding common food manipulation training techniques (Landsberg et al.,
2013). Removing the food bowl from the dog during mealtimes was associated with a negative
shift in the type or frequency of resource guarding behaviour, suggesting this method is not
effective for prevention or treatment and may only serve to exacerbate the behaviour. Further, we
found that adding palatable bits of food to the dog's food dish was associated with a positive shift
in behaviour, suggesting this may be an important preventive or treatment tool for owners when
done safely. This will be important information to share with the dog owning community,
particularly if future research establishes a causal link.
Factors associated with resource guarding in the presence of other dogs (Chapter 5) also
revealed interesting results. The analyses supported the importance of training dogs to reliably
perform the task of "drop it" to decrease the likelihood of biting aggression around resources.
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Other dog-related, owner and household-related factors were associated with RG aggression. For
example, neutered males, mixed breeds, and high levels of impulsivity and fearfulness were
associated with dogs displaying aggression around resources when other dogs were present.
Further, older dog owners were associated with a lower rate of RG aggression in the presence of
other dogs, indicating a potential mediating factor, such as daily lifestyle choices, which may
decrease this risk for older dog owners. On the contrary, older owners may be more experienced
at selecting dogs with a lower likelihood for RG behaviour, or may be more likely to keep
getting dogs throughout their lives. Overall, there were fewer factors associated with each form
of resource guarding in the presence of dogs compared to people. This may indicate there are
additional factors we did not consider that would be worthy of further study, such as past
experience with other dogs around resources.
Overall, results from this thesis contribute to the current understanding of resource
guarding behaviour in dogs. We have confirmed preference for use of the term "resource
guarding" by the majority of canine behaviour experts engaged in the current thesis, and
emphasized the need for definitions to be used whenever terms are applied to avoid confusion
and misunderstanding. We have determined that dog owners have relative difficulty identifying
behaviours associated with threatening aggression, and suggest this as an area of focus for future
education relating to the prevention of harmful biting aggression around resources. Finally, we
have identified various factors associated with resource guarding behaviour patterns for further
investigation in future longitudinal studies.
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6.3 Key Findings and Recommendations


Resource guarding is a preferential term to possessive aggression according to a recruited
sample of canine behaviour experts.



The term resource guarding better represents non-aggressive behaviour patterns that serve the
same function, and is less likely to be misinterpreted by dog owners compared to possessive
aggression.



The use of descriptions or definitions are encouraged whenever a behaviour term is used,
whether in conversation or within the literature, to avoid confusion and misunderstanding by
the audience.



Dog owners are better at recognizing RG biting aggression compared to RG threatening, RG
rapid ingestion, or RG avoidance, offering areas for future dog owner education.



Dog owners reporting advanced knowledge of dog behaviour, or previous attendance at dog
training classes, were marginally (although significantly) better at correctly identifying
resource guarding behaviour categories, suggesting that individuals without these
experiences may be specifically targeted for additional education.



Dogs that were taught to reliably "drop" and "leave" items were less likely to display all
types of resource guarding in the presence of people, and were less likely to bite other dogs
around resources. Veterinarians and trainers should recommend dog owners teach these basic
commands to their dogs.



The practice of taking the food bowl, or food within a food bowl, away from a dog while
eating may increase the intensity or frequency of resource guarding behaviour; while adding
small palatable bits of food to a dog's food bowl may improve the dog's behavioural response
and the likelihood of resource guarding aggression is diminished. Veterinarians,
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behaviourists and trainers should recommend avoiding the removal of food, and should
consider creating safe protocols for the delivery of palatable food items during meal time to
distribute to owners.


Neutered males and mixed breed dogs are at a higher risk of resource guarding aggression in
the presence of both people and other dogs, however mediating factors may be involved and
further causal research needs to explore these links to fully understand these relationships.



Dogs that display resource guarding aggression in the presence of other dogs were less likely
to display resource guarding avoidance and rapid ingestion, suggesting these behaviour
patterns tend to be mutually exclusive in intra-specific circumstances. However, the same
relationships between the resource guarding patterns were not established in inter-specific
circumstances, suggesting that people may introduce a level of variation that is absent when
dogs are in the presence of other dogs warranting further research of the relationships
between patterns of RG.

6.4 Limitations
Several limitations exist for each major study. To begin, the first study collected a range
of opinions on the topic of terminology; however, not all participants contributed the same
amount or depth of information. Unlike traditional in-person focus groups where the moderator
can encourage further comment from a quiet participant (Braun and Clarke, 2008), it is
impossible to do so in an online discussion board as participants are only present when it suits
their schedule. As a result, some individuals provided a greater number of comments, and
potentially were able to expand upon their thoughts to a greater extent, as a result of visiting the
discussion board more frequently than their peers, potentially swaying the results in favor of
their opinion. However, the results did capture a range of different opinions and all participants
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were engaged at some level, suggesting that this effect was minimized. Further, only 16% of
experts in the field of canine behaviour (i.e., DACVB veterinarians, or individuals with CAAB
following a PhD in a related area of expertise) participated in this discussion board, therefore the
results may not reflect the opinions of the entirety of our target participant population. Given the
range of opinions obtained and that the intention of qualitative research is not to generalize, this
is of lesser concern. Future studies may be used to further explore our findings through
additional qualitative or quantitative research that engages additional individuals from our target
population of canine behaviour experts.
In our second study, we did not collect demographic information on participants beyond
their previous dog experience. We chose not to collect this information in order to keep the time
commitment for participants to a minimum. However, in hindsight it may have been beneficial to
have information such as gender and age of the participant with which to assess differences in
owner ability to identify behavioural categories, estimate a potential interaction with experience
level, and with which to compare results from Chapters 4 and 5. Furthermore, we did not have a
large enough sample size to test the effects of breed on owner ability to identify behaviour, and it
is possible this affected the results. Individuals may have an easier or more challenging time
identifying behaviours depending on the characteristics of dog they are observing. However, an
effort was made to include various sized dogs and various characteristics of dogs between
resource guarding categories in an attempt to minimize this effect. For example, small, medium
and large sized dogs were represented within the aggression category, and German Shepherds
were featured in three different videos, each spanning a different behaviour category.
Another limitation to our second study involves the potential over-estimation of the
ability of dog owners to identify specific resource guarding categories. In reality, it is not
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possible to pause and replay a behavioural reaction, and conflicting behavioural reactions can be
displayed which may make real-time identification more challenging. This limitation may also
have affected our third and fourth studies, as these videos were used as a means to interpret the
ability of dog owners to assess resource guarding in their own dogs. It is possible that
participants could have gotten a perfect score on the eligibility quiz but still missed identifying
certain behaviours in their own dogs. However, these methods ultimately increased the internal
validity of our second, third and fourth studies compared to traditional survey methodology, and
internal validity should not be compromised for external validity.
Data collected for studies three and four were identical; therefore, a number of similar
limitations exist. It has been suggested that the ability of dog owners to accurately interpret their
dog's behaviour and respond accordingly may affect future interactions (Landsberg et al., 2013).
Therefore, by only including individuals who are good at identifying dog behaviour we may
have inadvertently selected against an important population of dogs affected by their owner's
poor ability to recognize their behavioural signals. Again, this could not be avoided as our
screening methods increased the validity of our results, giving support to the participant's report
of their own dog's behaviour around resources and information from excluded participants was
inherently unreliable in terms of our outcome variables.
Furthermore, participation for this study was voluntary, and the high estimated
prevalence of resource guarding reported in this study may not be representative of the general
population. Voluntary surveys are at risk of selection-bias, in which individuals with greater
interest in the topic are more likely to complete the survey. Participants may have been more
likely to own dogs with behaviour issues, or the owners may have some additional level of
experience or interest in the topic. This is a common issue in survey-based research. However,
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efforts were made not to advertise the specific research topic of interest (e.g., Appendix D),
therefore this effect may have been minimized as was suggested by the similar prevalence
reported by a cross-sectional study recruited through veterinary clinics (Guy et al., 2001).
This survey was retrospective, and thus participants may have had difficulty
remembering past events accurately (i.e., recall bias), particularly for owners of older dogs, who
may have had difficulty recalling events that occurred during puppyhood (e.g., socialization
history). Future longitudinal studies will reduce the issue of recall bias. The large number of
explanatory factors of interest was important to include considering the potential influence of
various internal and external factors on the expression of resource guarding behaviour. This also
limited our degrees of freedom to avoid over-estimation for each model, and made tighter
categorization necessary for some factors. Categorization creates a loss of depth to the
information, potentially over-simplifying complex data. Furthermore, there may be differences in
associated factors for familiar and stranger-directed resource guarding in the presence of both
people and other dogs. Due to the number of outcome variables of interest (i.e., RG aggression,
avoidance, rapid ingestion directed toward either people or dogs) and the limited numbers of
dogs for some of the outcome types (e.g., RG aggression directed at people), we were not able to
differentiate between the outcome variables further in the analyses. In future studies, it would be
important to consider differences between stranger-directed and owner/familiar dog-directed RG
behaviour, as well as the resource type itself. However, this body of work represents the first
detailed attempt at understanding resource guarding behaviour patterns in domestic dogs. Effort
was taken to insure high internal reliability in our study results and a number of interesting
factors have been identified for future scientific investigation.
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6.5 Future Directions
Future studies should investigate the dog- and management-related factors identified in
this thesis in a longitudinal study to determine causation and confirm the importance and degree
to which each factor affects resource guarding aggression. Data collection should begin at an
early age, considering the first critical period for learning and socialization begins at the age of
three weeks (Fox and Stelzner, 1966). Research that collects risk factor data from primary dog
owners (typically purchased or adopted at 8 weeks of age) is missing vital information about
early experiences and predisposition. For example, it has been suggested that some individuals
may be more predisposed towards resource guarding behaviour than others (Landsberg et al.,
2003). Some puppies may display agonistic behaviour around early food sources, and these
puppies may be rewarded by receiving preferential access to certain nipples or to a shared food
bowl (McConnell, 2013), which may in turn predict future behaviour around resources.
Therefore, starting data collection for a longitudinal study when dogs are at three weeks of age
would be beneficial to fully understand predisposing and management-related factors that
contribute to future resource guarding behaviour patterns. Further, a longitudinal study will allow
us to determine if the non-aggressive forms are indeed precursors to resource guarding
aggression. Understanding the relationship between the different patterns of behaviour (if a
relationship indeed exists) will help us to inform pet owners about the importance of identifying
the non-aggressive forms and responding accordingly as a method of prevention.

6.6 Conclusion
This thesis includes the first scientific study of canine resource guarding with a high
degree of detail, as other studies have included "food-related aggression" as a small portion of a

247

larger study and not considered non-aggressive forms of the behaviour (e.g., Podberscek and
Serpell, 1996; McGreevy and Masters, 2008). As it currently stands, this thesis provides a solid
foundation for which to launch future studies; several areas of focus have been identified for
further exploration which will continue to advance our understanding of resource guarding
behaviour in dogs.
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APPENDIX A

Expert Opinion on Terminology, Definitions, Observed Behaviours, and Treatment
Concepts for Resource Guarding Behaviour
A. 1: Description of pre-discussion survey
A. 2: Summary of descriptive results from pre-discussion group survey
A. 3: Recruitment email for discussion group
A. 4: Consent form
A. 5: Discussion question guide
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A.1: Description of pre-discussion survey
Participants
Experts were identified as having an advanced degree (either Doctor of Veterinary
Medicine [DVM] or Doctor of Philosophy [PhD] in a related field) with additional professional
requirements that indicated an advanced knowledge of companion animal behaviour (i.e.,
Diplomat of the American College of Veterinary Behaviour [DACVB], Diplomat of the
European College of Animal Welfare and Behaviour Medicine - Companion Animal
[DECAWBM-CA], Certified Applied Animal Behaviourist [CAAB], or Certified Clinical
Animal Behaviourist [CCAB]). Eighty-five experts met the inclusion criteria at the start of the
study, and were invited to participate.

Procedure
A two-stage survey method was employed to gather expert opinion regarding concepts,
treatment, and prevention methods for the behavioural response(s) commonly referred to as
either resource guarding or possessive aggression (Landsberg et al., 2013; Overall, 2013). For
the first survey stage, all identified participants were invited through an introductory email
outlining the project's objectives and multiple stages of participation. The email provided a link
to an online survey website (LimeSurvey). Following completion of the consent form,
participants were asked several open-ended questions: 1) How do you define resource guarding /
possessive aggression?, 2) "Please outline any behaviour or other factors you might use to
identify this behaviour", and 3) "Briefly outline the treatment methods you would recommend to
an owner of a dog with resource guarding/ possessive aggression issues".
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The second survey stage posed questions created from the first stage's responses such that
the content in the second survey was participant driven and provided opportunity for participants
to comment on responses from the first stage (Linstone and Turoff, 1975). Participant
commentary from stage one was presented anonymously to the participants in stage two.
Responses for questions regarding commonly observed behaviours and treatment methods from
stage one were analyzed using content analysis and were returned to participants for comment on
how frequently they expect to observe the behaviour or would recommend the treatment on a 5point likert scale (i.e., always, often, sometimes, rarely, and never), with an option for "don't
know". In addition, two open-ended, clarifying questions were added to the second round: 1)
"Do you prefer the term resource guarding, possessive aggression, or a different term and why?",
in order to address perceived confusion in providing a definition for the behaviour, and 2) "Do
you think this behaviour is preventable, and if so, what methods should owners employ to
prevent resource guarding/ possessive aggression?", in order to provide an opportunity for
participants to comment on prevention methods and establish a clear divide between prevention
and treatment methods, if one exists.
Following the first two survey stages, the authors determined that identifying a
universally accepted definition as well as exploring reasons for terminology preferences would
require in-depth, dynamic discussion between experts that would extend beyond the ability of
traditional survey techniques. Therefore, additional questions on this topic were reserved for a
future discussion board involving the participants from rounds one and two (Chapter 2).
Descriptive statistics were performed to provide a summary of the results. As results from stage
one were incorporated into the questions for stage two and thus, provide no additional
information, only results from stage two are presented in this paper.
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A. 2: Summary of descriptive results from pre-discussion group survey
Results
Thirty-six individuals (out of eighty-five) participated in the first survey stage for a
response of 42%. Thirty of the thirty-six individuals participated in the second stage of the
survey for a response of 80%.

Description of participants:
Total number of
participants
Credentials

Gender
Location

Category
--

Total Number
30 (80% response rate)

DVM & DACVB
PhD & CAAB
DVM / PhD & DACVB
Female
Male
U.S.A.
Canada
Other

16
11
3
23
7
26
2
2

Preference for terminology:
Terminology Choice
Total Number
Resource Guarding
19
Possessive Aggression
6
Both, depending on circumstance1
3
No Answer
2
1
Possessive aggression would be used if the dog displays aggression
(n = 2), or if talking to another professional (n = 1); resource
guarding used if dog displays behaviours other than aggression (n =
2), or if talking to a lay person (i.e., dog owner) (n = 1)

Separate term used when food is involved (e.g., "food related aggression"):
Answer
Yes
No
Don't know

Total Number
9
18
3
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Necessary components of resource guarding behaviour:
Component
Agree (it is necessary)
Disagree
No Answer
"Valuable" item present
27
3
-Approach of person/dog begins
20
6
4
behaviour1
Target may be general (ALL people or 5
24
1
ALL dogs)
Target can be 1 person/dog or type of
28
-2
person/dog
1
Several experts suggested the person or dog does not need to approach for the behaviour to begin; the stationary
presence of them may be sufficient to elicit the behaviour

Important components to include in a definition of resource guarding/possessive
aggression:
Component
Behaviours commonly displayed
Dog in possession or perceived
possession of item of importance
Target is present from dog's
perspective

Agree (it is necessary)
30
29

Disagree
---

No Answer
-1

22

6

--

Commonly observed behaviours during resource guarding:
Behaviour
Freezing
Respiratory rate increase
Upright, leaning posture
Body tension
Facial tension
Lip licking
Direct, staring eye contact with
person/ other dog
Whale eye
Piloerection
Lip lifting
Teeth baring
Growling
Ears back and lowered
Hyper-vigilance
Body blocking
Lunge
Inhibited bite
Bite
Bark
Eat fast (if edible resource)
Tail low or tucked
Tail held high
Chase person/ other dog
Play bow
Open, relaxed mouth
Yawning

Always
1
-1
11
3
---

Often
20
7
7
12
15
2
8

Sometimes
5
13
18
3
7
21
17

Rarely
1
-1
--2
1

Never
1
----2
--

Unsure
-7
--1
---

--1
-1
-1
-1
---1
-------

8
4
16
17
17
6
12
12
7
6
8
2
11
5
2
---1

17
19
10
10
9
18
12
14
19
19
19
19
14
18
20
12
--13

1
3
---2
1
1
-1
-4
1
2
5
13
7
11
10

-----------2
---1
19
15
2

--------------------
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Commonly suggested treatment or prevention methods:
Method
Rule out medical issues
Avoid RG eliciting circumstances
Do not take object from mouth
Force relinquishment as training method
Do not punish
Feed multiple dogs separate
Pick up bowl/toys when done
Habituate to eat from owner's hand
Improve obedience training
Teach "drop" and "leave it"
Practice "trading up"
Keep dog off owner furniture
Desensitization to owner/dog approach or
presence
Counter-conditioning to owner/dog approach or
presence

Always
20
21
19
1
22
10
8
1
9
8
6
0
6

Often
6
7
8
2
3
9
11
4
9
16
9
3
12

Sometimes
2
1
1
7
2
7
4
8
7
3
11
17
5

Rarely
---11
-2
5
7
2
1
3
7
4

Never
---7
-1
1
9
2
1
0
1
2

6

13

6

2

2
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A. 3: Recruitment email for discussion group
Subject:
OVC online focus group – Defining Resource Guarding/Possessive Aggression in Canines
Message body :
Dr. Lee Niel, Assistant Professor and Ms. Jacquelyn Jacobs, PhD candidate in the Department of
Population Medicine at the Ontario Veterinary College, University of Guelph, would like to
thank you for your participation in rounds 1 & 2 of a survey on canine resource
guarding/possessive aggression. The responses suggested that a dynamic discussion would be
needed in order to fully address several topics: 1) the development of a comprehensive definition
for this type of aggression, and 2) a discussion and clarification regarding the use of conflicting
terminology. Therefore, we would appreciate your participation in an online focus group that
aims to address these topics.
Please note that:
- You are NOT required to participate in this focus group
-

All information provided will be confidential. You will be assigned a unique
identification code prior to entry to the focus group so that your identification will remain
anonymous to other participants.

If you choose to participate in this online focus group, please complete the consent form by
clicking [website link provided here]. Following completion of the consent form we will
send you a unique login and password for access to the online focus group.
If you have any questions or concerns, Dr. Niel or Ms. Jacobs may be reached at:
Lee Niel, PhD
Department of Population Medicine
Ontario Veterinary College
University of Guelph
Guelph, ON, N1G 2W1
Tel: 519-824-4120, Ext. 53030
Fax: 519-763-8621
Email: niell@uoguelph.ca
Jacquelyn Jacobs, PhD student
Department of Population Medicine
Ontario Veterinary College
University of Guelph
Guelph, ON, N1G 2W1
Email: jjacob01@uoguelph.ca
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A. 4: Consent form

CONSENT TO PARTICIPATE IN RESEARCH
Terminology and Definitions Related to Canine
Resource Guarding/Possessive Aggression
You are asked to participate in a research study conducted by Dr. Lee Niel and Ms.
Jacquelyn Jacobs from the Department of Population Medicine at the Ontario Veterinary
College, University of Guelph.
If you have any questions or concerns about this research, please feel free to contact Dr.
Niel at 519-824-4120 x53030 or niell@uoguelph.ca, or Ms. Jacobs at jjacob01@uoguelph.ca
PURPOSE OF THE STUDY
Resource guarding/Possessive aggression is reported to be a common behavioural problem in
dogs, but no previous attempts have been made to develop a scientific definition for this
behaviour that is accepted by the majority of canine behavioural experts. Furthermore, there is
disagreement about the preferred terminology for this behaviour; some experts refer to it as
„possessive aggression‟ and others „resource guarding‟, and others make distinctions between
food and other types of resources. We are conducting an online focus group with canine
behavioural experts to discuss in an attempt to come to a consensus on terminology and a general
definition for this behaviour. We hope the results of this study will help clarify ongoing
confusion surrounding definitions and terminology that are currently in use, with an aim towards
improving future research, diagnosis and treatment for this behaviour.
PROCEDURES

If you volunteer to participate in this study, we would ask you to be aware of the following
things:
For the current study, canine behaviour experts that previously participated in two rounds of a
survey on resource guarding/ possessive aggression are being asked to dynamically discuss
terminology and develop a definition for this behaviour by participating in an online focus group.
As a participant in this study you will be asked to contribute to the discussion on these topics
within the one-week period the focus group remains available. The time requirement is not
estimable as you will control the number and length of your contributions to the group
discussion. However, please be aware that only through thorough discussion will we make
progress on this topic, and therefore, we hope that as a participant you will consider contributing
to the discussion as often as your schedule allows. In consideration for your time your name will
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be entered into a draw to win a $200 Visa gift card. Estimated chances of winning are 1/30;
actual chances of winning are dependent upon the number of participants.
POTENTIAL RISKS AND DISCOMFORTS

This study may pose a psychological risk as participants will be freely discussing these topics
and there is the potential for disagreement to lead to comments that some might find offensive or
demeaning. However, we will attempt to minimize any potential risks through the following
methods. Upon entry into the focus group website, you will be supplied with an alternate
identification which will be the only identification available to the rest of the participating group.
Your actual identity will be kept confidential; only the immediate research group will have
access to this information. However, please note that if you provide personal information it may
be possible for other participants to determine your identity. In addition, researchers will be
monitoring discussion boards daily, and any negative or demeaning comments will be removed
from the posting boards. This is a collegial environment and we expect all individuals to be
respectful of other participant‟s opinions.
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY

We expect this study to help clarify the reason for conflicting terminology, as well as supplying
the scientific community with a definition for this behaviour. We hope that addressing these
issues will aid the scientific community to conduct further research in this area. Once a
participant, you may elect to receive a copy of any publications that result from this study.
CONFIDENTIALITY
Every effort will be made to ensure confidentiality of any identifying information that is obtained in
connection with this study.

All information that is recorded for the purposes of this study will be kept in either a locked file
cabinet in a secure room within the Ontario Veterinary College, or on an encrypted and password
protected computer. Data will be kept for 10 years after which they will be destroyed.
Researchers will know the identity of the participants, so participation will not be anonymous. In
signing this consent you are aware and agreeable to the use of non-identifying verbatim quotes in
published materials and presentations. Any findings released from the outcome of this study will
not be directly linked to any of the project participants. However, please note that the discussion
board is hosted in the US and absolute anonymity cannot be guaranteed since the laws in some
countries may permit access to the data.
PARTICIPATION AND WITHDRAWAL
Participation in this study is completely voluntary. If you volunteer to be in this study, you
may refuse to contribute to any discussion and you may withdraw from the study at any
time without any consequences. However, due to the dynamic nature of a focus group, we
will be unable to delete your previously posted responses from the discussion boards if you
decide to withdraw.
RIGHTS OF RESEARCH PARTICIPANTS
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You may withdraw your consent at any time and discontinue participation without penalty. You
are not waiving any legal claims, rights or remedies because of your participation in this research
study. This study has been reviewed and received ethics clearance through the University of
Guelph Research Ethics Board. If you have questions regarding your rights as a research
participant, contact:
Research Ethics Coordinator
Room 437 University Centre
University of Guelph
50 Stone Road E.
Guelph, ON N1G 2W1

Telephone: (519) 824-4120, ext. 56606
E-mail: sauld@uoguelph.ca
Fax: (519) 821-5236

SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE

I have read the information provided for the study “Terminology and Definitions Related
to Canine Resource Guarding/Possessive Aggression” as described herein. My questions
have been answered to my satisfaction, and I agree to participate in this study. I have been
given the opportunity to download a copy of this form.

Yes

No
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A. 5: Discussion question guide
Canine Behavioural Expert Discussion Guide
Opening:
Thank you for taking the time to participate in this online focus group.
This research project aims to establish a scientific definition of resource guarding/possessive
aggression, as well as clarify the conflict surrounding the variable terminology used to refer to
this behaviour. An online focus group consisting of canine behavioural expert participants will
enable us to discuss and achieve consensus on the research objectives.
We intend to protect your identity; an alternate form of ID has been assigned to you for this
purpose. However, please note that if you provide personal information it may be possible for
other participants to determine your identity.
The researchers can assure you that in the transcripts, analysis and resulting literature, you will
not be identified in any way. We hope that you will feel confident and comfortable to share your
thoughts and experiences openly within this forum.

Question Group 1:
Do you prefer the term “possessive aggression” or “resource guarding” or another term? Please
provide the reasoning behind your selection.
Do you consider food-related aggression separate from your preferred term? Why or why not?
Do you consider this behaviour (possessive aggression/ resource guarding/ food-related
aggression) to be aggression? Why or why not?*
*Prompt delivered following apparent confusion between experts:
What is your definition of aggression?

Question Group 2:
In our previous survey we proposed the following components to be included within a general
definition of resource guarding/possessive aggression:
1). Threatening or aggressive postures or actions displayed
2). Dog is in possession or perceived possession of valued object
3). Target is present
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Most participants agreed that these components should be included but several modifications
were suggested. Consider the following:





As opposed to „target is present‟, „perceived social threat‟ or „perceived target‟ would be
preferred
Facial expressions such as lifting or baring of teeth
Vocalizations such as growling
Including what the outcome has been in the past (e.g. has the dog retained the object following
the event?)

Which of the above elements would you include in a broad definition of resource
guarding/possessive aggression?
Can you think of other elements that would be important to include?

Conclusion:
Provide a summary of the elements from question groups 1 & 2
Specifically for question group 2: (proposed definition)
Would you agree that this definition for resource guarding/possessive aggression accurately
represents the summary of our discussion?
In general:
Do you feel that fairly summarizes our discussion over the last few weeks? Have I missed
anything or incorrectly captured anything?
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APPENDIX B

Preliminary Principal Component Analysis for Determining Primary Patterns of Resource
Guarding Behaviour
B. 1: Brief description of study
B. 2: Behaviours collected through Observer XT behavioural software program
B. 3: Preliminary Principal Component Analysis (PCA) of behaviour when consuming food from
a food dish
B. 4: Preliminary PCA of behaviour when interacting with a rawhide
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B. 1: Brief description of study
Eighty-four dogs were video-recorded during Safety Assessment For Evaluation of
Rehoming (SAFER) testing one week following intake at two local shelters (Guelph Humane
Society and Kitchener/Waterloo Humane Society) and at the Hill's Pet Nutrition Primary
Healthcare Centre at the University of Guelph (locally owned dogs). Videos were edited to
contain only the Food test and Rawhide test (see Chapter 3 for details). Video clips were
analyzed in detail through the use of Observer XT software (Noldus Information Technology,
Netherlands) for the behaviours listed in Appendix B.2. There were two objectives for this
study; the first was to empirically confirm the main patterns of resource guarding behaviour
suggested by experts (Appendix A) through eventual factor analysis (FA) of the primary
behaviours. The second objective was to identify additional behaviours both common and
distinct, to each of the main patterns of resource guarding. The results from this study will better
inform descriptions of resource guarding, expand upon current knowledge included in common
shelter assessments as well as inform canine professionals for consultation with pet owners.
Due to the non-normal nature of the data (i.e., the data set is "zero-inflated" due to the
data collection methodology and rareness of the behaviours of interest (i.e., collection occurred
for all dogs during behaviour assessment during a two-month time period; no pre-selection
measures were taken to increase chances of a dog testing positive for resource guarding)),
analysis is currently ongoing (as of April, 2016). A principal component analysis (PCA) is
presented in Appendix B.3 and B.4 as a preliminary step in the factor analysis procedure, which
will identify patterns from individual behaviours that commonly co-occur. Further analyses will
be conducted to determine differences between the additional behaviours collected (Appendix
B.2) for each primary pattern of resource guarding.
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Both PCA and FA are variable reduction techniques. PCA is primarily used to reduce the
number of observed variables to a smaller number of principal components which account for
most of the variance of the observed variables (Suhr, 2004). It is often used to reduce the number
of variables that might be highly correlated before performing a regression analysis, but can be
used as a preliminary step for FA to get an idea of the structure of the data. In contrast, FA is a
variable reduction technique that identifies the number of latent constructs (i.e., a "factor" or
"unobserved variable"; measured indirectly by determining its influence on measured variables)
and the underlying factor structure of a set of variables (Suhr, 2004).
Other definitions of importance:
Eigenvalue: The amount of variance explained by each principal component or factor.
Eigenvector: The weight in a linear transformation when computing a principal component
score.
Orthogonal/varimax rotation: Shifted to a 90 degree angle on a graph for easier interpretation
of the data.
A variable "loads" on a component if it is highly correlated with that component and has an
eigenvector of 'great' (often subjective) magnitude on that factor.
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B.2: Behaviours collected through Observer XT behavioural software program
Behaviour1
Body Position
Stand
Lie down
Sit
Stand on hind legs
Subtle Body Position
Upright, lean forward
Lowered body
Crouch (over
resource)
Lean back

Head Position
Head held high
Head lowered
Head aligned with
spine
Face pressed in food
bowl

Ear position
Ears back and
lowered
Ears neutral
Ears forward and
perked
Ears not visible
Tail Position
Tail held high
Tail horizontal
Tail lowered
Tail tucked
Unable to determine
tail position
Tail Movement
Still, no wag
Slow, soft wag

Description

Event Type2

All four paws are on ground, legs are fully extended.
All four paws are off the ground, body is on floor.
Dog's rear is on floor, front two legs are fully extended and chest is
upright.
Front two paws are off the ground, back two paws are on the ground.
Front half of dog's body is lifted in the air.

State
State
State

Dog is leaning forward into forequarters, head may be lowered (over
item) or raised relative to neutral position.
All four paws are on the ground. Body is lowered with a bend at all four
elbows. Spine remains horizontal with floor.
All four paws are on the ground. Body is lowered directly over item of
interest.
All four paws are on the ground. Dog is leaning back into hindquarters,
weight is distributed towards hind legs.

State

Position of head is elevated relative to neutral condition.
Position of head is low relative to neutral condition and placed above
item.
Position of head is neutral with back.

State
State

Muzzle is pressed with force against bottom of food bowl while eating.
Head is lower in food bowl relative to normal eating posture. Generally
occurs simultaneous to gulping of food.

State

Ear base moves back such that the distance between the eyes and base of
the ear increases relative to the neutral position of the ears. Ear base
dropped below neutral position on head.
Ear base is soft and in a neutral position; neither back nor forward on the
skull.
Ear base is forward such that the distance between the eyes and the base
of the ear decreases relative to the neutral position of the ears. Opening of
the ear is directed towards item or person of interest.
Ears unable to be seen.

State

Tail base is held high above neutral conditions, remains rigid and still.
Tail is aligned with back/ spinal cord.
Tail held below neutral conditions (horizontal to spine in most breeds).
Not tucked between legs. Tail may be still or wagging.
Tail tucked between legs; pulled over genitals towards stomach. Tail is
held still.
Unable to determine tail position. Morphology may make this
challenging (e.g., cropped tail).

State
State
State

No movement of the tail. Remains stationary.
Slow movement of the tail back and forth. Tail base and head remain
loosely coordinated such that they are not in direct alignment at all times.

State
State
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State

State
State
State

State

State
State

State

State
State

Fast, soft wag
Fast, stiff wag
Slow, stiff wag
Unable to determine
tail wag type
Body Tension
Body tension
Body relaxed

Locomotion
Stationary
Walk towards
resource
Walk towards tester
Walks away without
resource
Walks or backs away
with resource
Back away
Rotate around
resource
Body block

Eye contact
Eye contact with
resource
Eye contact with
target
Eyes elsewhere
Whale eye
Facial behaviours
Facial tension
Face relaxed
Yawn
Lip lick

Vocalization
No vocalization
Growl
Bark
Other Actions
Bite

Rapid movement of the tail back and forth. Tail base and head remain
loosely coordinated such that they are not in direct alignment at all times.
Rapid movement of the tail back and forth. Tail base and head are in
direct alignment and tail appears stiff. (e.g., "flagging")
Slow movement of the tail back and forth. Tail base and head are in direct
alignment and tail appears stiff.
Unable to determine tail wag type. Morphology may make this
challenging (e.g., cropped tail).

State

Body and muscles appear stiff during movement. Dog does not appear
relaxed.
Body and muscles appear relaxed without stiffness. Movements appear
easy and fluid.

State

Dog is not moving from current location.
Dog walks toward resource/item.

State
State

Dog walks toward assessor.
Dog walks away from assessor, turns body around so that back is towards
assessor.
Dog walks away from assessor with resource/item in mouth. Dog may
either turn body around so that back is facing the assessor, or may
remain oriented towards the assessor.
Dog backs away from assessor. Body does not turn before movement and
head remains oriented to the assessor.
Head remains still and engaged with the resource/item, while the back
legs shift the dog in a rotation around the resource/item.
Positioning body between item and target, or turning away from target
with item in mouth so that target cannot access item in one movement.

State
State

Dog looks at resource.

State

Dog makes eye contact with the target.

State

Dog's eyes are focused someplace other than the resource or tester.
Whites of eyes are visible in a corner of the eye. [Occurs when eyes are
oriented in a slightly different direction than head]

State
Point

Muscles in face are tight and rigid. Brow is rigid and set. Lips are tight.
Muscles in face appear loose.
Open and closing of mouth with air intake. Teeth become visible as the
lips are drawn back.
Quick flick of tongue over lips, generally straight over nose line.
(Different from licking lips after eating or in anticipation of eating.)

State
State
Point

Dog does not make any noise.
Low guttural sound from throat.
Staccato/short vocalization.

State
State
State

The clamping of skin of target between the upper and lower mandible
of the dog.

Point
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State
State
State

State

State

State
State
State

Point

Snap
Lift paw
Lunge
Play bow

Freeze
Panting
Piloerection
Teeth baring
Ingestion
Normal speed of
ingestion
Fast eating
Slow eating
Stop eating
Unable to push head
from bowl

Rapid open and close of jaws in the air, no contact with target.
One front paw lifts off the ground for one or several seconds while the
dog's body remains stationary.
Sudden forward thrust of the body towards target.
Dog's front shoulders lower toward the floor, front legs stretch out
towards the ground as well. Rear legs remain in a full, or nearly full
extension with hips raised.
Sudden ceasing of all movement. Body appears stiff and rigid.
Tongue is extended from mouth, mouth is open. Respiratory rate is
increased from closed-mouth breathing.
Hair on back stands on end. This is usually most pronounced over the
shoulder blades but can also be along the entirety of the spine.
Lips are lifted over the teeth revealing incisors and canine teeth.

Point
Point

Observed during the first 30 seconds of the assessment before assess-ahand is introduced. Dog takes regular-sized bites and has a neutral speed
of ingestion.
Increased speed of ingestion of food relative to normal eating speed,
often no gaps between bites.
Relative to normal eating speed, speed of ingestion is slowed. Gaps
between bites may be prolonged.
Dog stops eating during a meal to shift attention to target; head often
raises slightly from food dish.
Assess-a-hand is unable to remove the dog's head from being lowered
in the food bowl.

State

Interaction with resource
Grabs resource with
Dog picks up an item/resource in his mouth.
mouth
Holds resource in
Dog retains the item/resource in his mouth.
mouth
Holds resource in
Dog retains the item/resource between his paws.
paws
Mouthing/chewing
Dog is interacting with the item/resource by chewing or mouthing it.
on resource
No relinquish item
Dog refuses to relinquish item when asked or encouraged by assessor.
1
Behaviours included in factor analysis are highlighted in bold and italic.
2
"State Events" are measured by duration. "Point Events" are measured by frequency.
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Point
Point

State
State
State
State

State
State
State
Point

Point
Point
Point
State
Point

B. 3: Preliminary PCA of behaviour when consuming food from a food dish
Selection of the number of components to retain:
Total Variance Explained
Component
1
2
3
4
5
6
7
8
9
10
11

Total
4.387
2.231
1.277
.911
.646
.535
.348
.231
.218
.147
.069

Initial Eigenvalues
% of Variance
39.882
20.279
11.611
8.285
5.874
4.860
3.161
2.098
1.986
1.334
.631
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Cumulative %
39.882
60.161
71.771
80.057
85.931
90.791
93.952
96.050
98.035
99.369
100.000

Solution matrix with three components, varimax rotation:
Rotated Component Matrix1
Component
Face pressed into food bowl
Teeth baring
Snap
Lunge
Bite
Growl
Bark
Freeze
Body block
Eat fast
Cannot remove head from bowl
1

1
-.026
.194
.779
.805
.863
.633
.953
.250
-.014
.001
-.056

2
.878
-.073
-.081
-.043
-.039
.012
-.023
-.025
.525
.866
.744

3
.020
.902
.483
.444
.169
.398
-.121
.872
-.053
.008
-.046

Varimax rotation (i.e., an orthogonal rotation) performed to "simplify solution"

Brief commentary on the PCA results for the food bowl patterns:
The eigenvalues and scree plot (method for assessing the number of components to retain
in the analysis) suggest that three components should be retained. A standard varimax
(orthogonal) rotation was performed to simplify the solution. Component 1 contains threatening
and biting aggressive behaviours with each behaviour loading above 0.6; it has been labelled
"biting aggression". Component 2 contains behaviours used during rapid ingestion of a food
source with behaviours loading above 0.5 and has been labelled "rapid ingestion". Component 3
contains threatening behaviours (precursors to biting aggression) with behaviours loading above
0.8 and has been labelled "threatening aggression". If the subjective cut-off point for eigenvector
loading is decreased, snapping and lunging could be included in component 3. Preliminary
results suggest possible RG patterns of behaviour around the food bowl to include 1) biting
aggression, 2) threatening aggression, and 3) rapid ingestion.
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B. 3: Preliminary PCA of behaviour when interacting with a rawhide
Selection of the number of components to retain:
Total Variance Explained
Component
1
2
3
4
5
6
7
8
9

Total
2.497
1.746
1.649
1.070
.998
.610
.399
.027
.004

Initial Eigenvalues
% of Variance
27.746
19.398
18.325
11.887
11.084
6.777
4.435
.303
.043
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Cumulative %
27.746
47.144
65.470
77.357
88.441
95.218
99.653
99.957
100.000

Solution matrix with three components, varimax rotation:
Rotated Component Matrix1
Component
Walk away with resource
Teeth baring
Snap
Bite
Growl
Bark
Freeze
Body blocking
Will not release item
1

1
-.092
.970
.066
-.074
.760
.151
.970
-.118
.371

2
-.169
-.091
.987
.715
.114
.664
.198
-.030
.221

3
.584
-.027
.018
-.080
.160
.115
.019
.844
.591

Varimax rotation (i.e., an orthogonal rotation) performed to "simplify solution"

Brief commentary on the PCA results for the rawhide data:
The scree plot (method for assessing the number of components to retain in the analysis)
suggests three components should be retained. A standard varimax (orthogonal) rotation was
performed to simplify the solution. Component 1 contains threatening behaviours with each
behaviour loading above 0.7; it has been labelled "threatening aggression". Component 2
contains behaviours used during relatively intense aggressive situations and includes behaviours
loading above 0.6; this component has been labelled "biting aggression". Component 3 contains
avoidance behaviours with variables loading above 0.5; this component has been labelled
"avoidance". Preliminary results suggest common RG patterns of behaviour when interacting
with a rawhide to include, 1) biting aggression, 2) threatening aggression, and 3) avoidance.

Reference:
Suhr, D.D. 2004. Principal component analysis versus exploratory factor analysis. Statistics and
Data Analysis. 30: 1-11.
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APPENDIX C

Ability of owners to identify canine resource guarding avoidance, rapid ingestion,
threatening and aggressive behaviours
C. 1: Recruitment poster
C. 2: Consent form
C. 3: Questionnaire
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C. 1: Recruitment poster
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C. 2: Consent form

CONSENT TO PARTICIPATE IN RESEARCH
Developing and Validating a Questionnaire to Identify Canine Resource Guarding
You are asked to participate in a research study conducted by Dr. Lee Niel and Ms.
Jacquelyn Jacobs from the Department of Population Medicine at the Ontario Veterinary
College, University of Guelph.
If you have any questions or concerns about this research, please feel free to contact
Dr. Niel at 519-824-4120 x53030 or niell@uoguelph.ca, or
Ms. Jacobs at jjacob01@uoguelph.ca
PURPOSE OF THE STUDY
An estimated 10% of pet canines are euthanized or relinquished to shelters due to canine
aggression. It is the most commonly presented and dangerous behavioural problem in dogs,
affecting millions of individuals in North America. We are interested in developing a
questionnaire that will allow dog owners to accurately identify resource guarding aggression in
their pet dogs for future use in determining the prevalence of resource guarding within Ontario.
The current project will validate the accuracy of the questionnaire by asking participants to
complete the questionnaire after viewing videos depicting dogs of differing severities of resource
guarding aggression.
PROCEDURES

If you volunteer to participate in this study, we would ask you to be aware of the following
things:
For the current study, dog owners are being asked to watch a series of videos of dogs performing
different behaviours, and to complete a related online questionnaire. We anticipate the entire
time necessary to complete this task will be approximately 15 minutes.
POTENTIAL RISKS AND DISCOMFORTS

This study poses no known physical or psychological risk to participants. All information
provided by participants will be kept confidential.
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY

Participation in this study will not present any direct benefits to participants. However, we
expect the scientific community and society will benefit in a number of ways. Creating and
validating this questionnaire to determine the severity of resource guarding in pet dogs will allow
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us to be confident in our assessment of this behaviour for a future Ontario-wide prevelance
survey. In addition, this questionnaire will be used to identify individuals for a case-control study
investigating the risk factors involved in the development of resource guarding aggression. We
expect the results of both surveys to provide great advancements to our knowledge of this type of
canine aggression.
CONFIDENTIALITY
Every effort will be made to ensure confidentiality of any identifying information that is obtained in
connection with this study.

All information that is recorded for the purposes of this study will be kept in either a locked file
cabinet in a secure room, or on an encrypted and password protected computer. Questionnaire
responses will only be viewed and handled by members of the research team. Data will be kept
for 10 years after which they will be destroyed. Participants will be asked to provide their name
and level of education so participant identity will not be anonymous. However, data will be
combined from all participants for publication and individuals will not be identified in the final
product, ensuring that results are kept confidential. By agreeing to participate in this study you
are aware and agreeable to the use of non-identifying verbatim quotes in published materials and
presentations.
PARTICIPATION AND WITHDRAWAL
Participation in this study is completely voluntary. You may discontinue participation in
the study at any time without consequence. Contact Lee Niel or Jackie Jacobs by phone or
email (see contact information above) if you have concerns or questions regarding
participation or withdrawal from the survey.
RIGHTS OF RESEARCH PARTICIPANTS

If you have questions regarding your rights as a research participant, contact:
Research Ethics Coordinator
Room 437 University Centre
University of Guelph
50 Stone Road E.
Guelph, ON N1G 2W1

Telephone: (519) 824-4120, ext. 56606
E-mail: sauld@uoguelph.ca
Fax: (519) 821-5236

SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE

I have read the information provided for the study “Developing and Validating a
Questionnaire to Identify Canine Resource Guarding” as described herein. My questions
have been answered to my satisfaction, and I agree to participate in this study. I have been
given a copy of this form.

Yes

No
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D. 3: Questionnaire
Welcome and thank you for checking out our survey for dog owners!
Are you at least 18 years of age?
Yes
No

Are you or have you been the primary (or one of the primary) caretakers of a dog? (for example,
you are often responsible for feeding and walking the dog)
Yes
No

Please do not skip or skim this page, the information you learn is necessary for you to complete
the survey. You will be able to refer to this page as you progress through the survey.
Survey Instructions: You will be asked to watched 7 different videos of dogs and identify the
type of behaviour you see in each video. Please note that some of the videos do not have sound
and in these cases you can assume the dog did not vocalize during the video. Check that your
sound is enabled as some videos do have sound. This page will provide examples and
explanations about each of the behaviours and behavioural categories we will be asking you to
identify. Please be patient as it may take a few moments for videos to load.
***Please do not ever attempt the types of manipulations on the videos with your own dog.***
Category: "Gulping food" Compared to the dog's normal speed of eating, the dog's speed of
eating is increased with larger bites; often there are no gaps or pauses between bites. The dog's
head is lowered and sometimes appears pressed into the food bowl. Please watch the following
example and note the eating speed changes in this dog.

277

Category: "Keep away" The dog holds on to the item in their mouth and actively avoids the
item's removal by moving his/her head or body away from the person who is trying to take the
item. Please watch the following example and note the dog's attempts to keep the item in his/her
possession.
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Category: "Biting/Snapping Aggression" The dog snaps or bites (rapid open and close of jaws in
the air or on skin) at a person, animal, or other object (for example, a fake hand). Please watch
the following example and note the dog's bite towards the person's hand.

Category: "Subtle aggressive behaviour" The dog overall appears stiff and tense. He/she may
show a hard stare or growl. We would like you to look for the following behaviours,
specifically: Behaviour: "Growling" A low, gutteral noise from the dog. Please watch the
following example to hear what a growl sounds like (make sure your volume is up on your
computer!).
Behaviour: "Teeth baring" The dog lifts his lips to reveal his/her incisors and canine teeth.
Please watch the following example to see the dog's lip lift. Please note that this may be less
obvious in some videos depending on the angle of the camera.
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Behaviour: "Body Tension" The dog's body and muscles appear stiff. The dog does not appear
relaxed. Please watch the following example to see a tense dog. Note the rigidity of the dog's
hind legs. Please note this behaviour may not be as obvious in some dogs. Body tension is most
often observed as general stiffness.

Behaviour: "Freeze" The dog suddenly stops all movement. The dog's body often appears stiff and rigid.
Please watch the following examples and note the sudden stop of all body movement in the dog and the
rigidity of his body.
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Category: "Relaxed with none of the above" Dog's body is relaxed - appears loose and
potentially wiggly. Tail may wag at times and remains in a neutral position. Dog does not show
any gulping, keep away, or aggressive behaviours. Please watch the following example and
note the dog's loose and relaxed body language, as well as the absence of any change in eating
speed, attempts to keep an item from a person, or aggressive/subtly aggressive behaviours.
Click on the "Generate" button in the box below to obtain a random number. This number will be
used to randomly assign you a version of this survey. Keep this number handy to enter it in the
space provided in the question below. Please be patient as it may take a moment to generate a
number
What was your generated random number?

Please watch the following video and answer the questions below. You may select more than one answer
for each question. To review the example videos page at any time simply click the following link:
Example Videos Page

[Video example here]
Considering the descriptions and definitions provided on the example videos page, did you
observe any of the following behaviours in the video you just watched? (May select any that
apply)
Gulping or Rapid ingestion
Keep away
Snapping or biting
Subtle aggressive behaviours (growling, teeth baring, freezing, or body tension)
No resource guarding behaviours observed

[If subtle behaviours are selected]:
Which subtle aggressive behaviours did you identify? (May select any that apply)
growling
teeth baring
freezing
body tension

[14 other video examples to follow, with identical questions to those posted above]
___________________________________________________________________
Do you have any advanced knowledge or expertise in dog training and/or behaviour?
Yes
No
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What employment experience do you have that might advance your knowledge of dog
behaviour?
Dog trainer
Veterinarian
Animal technician
Other ______________________

Have you ever attended organized dog training classes?
Yes
No

Have you ever consulted with an expert regarding dog behaviour problems?
Yes
No

Thank you for participating in our survey! Be sure to click the "submit" button below the picture
to submit your survey responses. We will contact you shortly if you are the winner of one of our
two draw prizes.
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APPENDIX D

Factors associated with the expression of rapid ingestion, avoidance and aggressive
resource guarding behaviour in relation to the presence of people and other dogs

D. 1: Recruitment poster
D. 2: Consent form
D. 3: Questionnaire
D.4: List of participating dog breeds organized by AKC breed group
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D. 1: Recruitment poster
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D. 2: Consent form
You are asked to participate in a research study conducted by Dr. Lee Niel and Ms. Jacquelyn Jacobs from
the Department of Population Medicine, Ontario Veterinary College, University of Guelph.
PURPOSE OF THE STUDY
Dog behaviour can be affected by many different factors including the ways that we train and interact with them. In
this study, we're asking pet owners about their dog's living environment, personality and other factors to understand
why dogs behave the way they do in certain situations.
WHO CAN PARTICIPATE




You must be a primary dog owner -defined as a senior household member who primarily, or jointly, cares
and pays for your dog
You must be 18 years of age or older

PROCEDURES
We anticipate that the entire survey will take approximately 30 minutes to complete. In appreciation for your time, you
will be entered into a draw to win one of four $150 visa gift cards. Estimated chances of winning are 1 in 1000.
CONFIDENTIALITY
All identifying information that is recorded for the purposes of this study will be kept in either a locked file cabinet in a
secure room, or on password protected computer. Responses will only be viewed and handled by members of the
research team. Data will be kept for 10 years after which they will be destroyed. Participants will be asked to provide
their name so participant identity will not be anonymous, however your name will not be directly linked to the answers
you provide. By agreeing to participate in this study you are aware and agreeable to the use of non-identifying
verbatim quotes in published materials and presentations. If you are selected as the winner of the lottery draw it may
be necessary for the researchers to release your name to university or granting agency financial auditors.
PARTICIPATION AND WITHDRAWAL
Participation in this study is completely voluntary. You may skip any question you prefer not to answer. You may
discontinue participation in the study at any time without consequence and your data can be removed until it is
prepared for analysis and has been combined with data from other participants.
Contact Lee Niel or Jackie Jacobs by phone or email if you have concerns or questions regarding participation or
withdrawal from the survey.
Dr. Niel: 519-824-4120 x53030 or niell@uoguelph.ca,
Ms. Jacobs: jjacob01@uoguelph.ca
RIGHTS OF RESEARCH PARTICIPANTS
You are not waiving any legal claims, rights or remedies because of your participation in this research study.
If you have questions regarding your rights as a research participant, contact:
Director, Research Ethics
Telephone: (519) 824-4120, ext. 56606
E-mail: sauld@uoguelph.ca
If you have read the above information and agree to participate in this study, please select the “yes” button
below to proceed to the survey.

Yes

No
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D. 3: Questionnaire
Owner Demographics
Do you live in an area that is:
Rural
Urban
Suburban

What is the highest level of education you have completed?
High School
Trade/technical/vocational or professional degree
University
Graduate (e.g. MA, PhD)
None of the above

Which of the following includes your total household income?
Under $30,000
$31,000 - $60,000
$61,000 - $90,000
Over $91,000

Which age category do you fall into?
18-24
25-34
35-44
45-54
55-64
65-74
75+

What is your gender?
Female
Male
Prefer not to answer
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How many people live in your household (including yourself)?

Excluding yourself, what are your household member's genders and ages?
Number of each: Ages:
Females

0
1
2
3
4
5
6+

Males

0
1
2
3
4
5
6+

How many dogs live with you in your household?
1
2
3
More than 3 (please specify how many) ______________________

You have indicated that you own more than one dog. Please continue to fill out this survey for
the dog you've owned the longest, or in the case that multiple dogs fill that criteria, select the dog
with the birthday closest to this date.At the end of this survey you will have the opportunity to
answer questions about your other dogs. Each survey completed will give you an additional
chance at winning the bonus.
Have you ever owned a dog before your current dog(s)?
Yes
No
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Consider the following chart regarding attitudes towards pet ownership.
Attitude
Status of Own Dog(s)
Owner's View of Self

Option 1
Elevated status.
Cherished pet, child
Parent, friend

Role of Dog(s) in
Household

Cherished child, best
friend

Attitudes toward Other
Animals

Main concern is with
own dog(s). May be
partial to dogs in
general, but relatively
indifferent to other
animals

Option 2
Equivalent to humans

Option 3
Below humans

Caretaker, guardian,
companion
Best friend, companion

Owner, boss

Universal concern for
animal welfare

Useful in some capacity,
such as for protection,
entertainment
Different types of
animals have different
purposes.

Which of the above options most closely resembles your attitude toward your dog(s)?
Option 1
Option 2
Option 3

Dog Demographics
What is your dog's name?

Dog Gender
Neutered Male
Spayed Female
Intact Male
Intact Female

Dog Breed (if mixed, please indicate any breeds known or assumed):

Dog Weight (in pounds)
4-15 lbs
16-25 lbs
26-40 lbs
41-60 lbs
61-80 lbs
81-100 lbs
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101-125 lbs
126-150 lbs
151-175 lbs
176+ lbs

Dog Current Age (approximate, if unsure):
Years
Months

What age was your dog when you acquired him/her? (approximate, if unknown)
Less than 4 months of age
More than 4 months of age (please specify): ______________________

Where did you acquire your dog from?
Breeder
Pet Store
Rescue (e.g. breed-specific or foster group rescue)
Shelter
Stray
Family or friend
Other, please specify... ______________________

Was this a registered AKC/CKC or non-registered breeder?
Registered
Non-registered
Unsure

Does your dog have any chronic (long-term) or acute (temporary) medical issues?
Yes
No

If yes, please briefly describe these issues.

Is your dog currently on any medications?
Yes
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No

If yes, what are the medications?

Socialization Practices
Did you introduce your puppy to new and different people?
Yes
No

Please indicate the number of different people your dog was introduced to at each of the
following ages:
0

1-5

6-10 11-20 21+ Unsure

8-12 Weeks
12-16 Weeks
16-20 Weeks

On average, how did your puppy react to meeting new people? Scared = may avoid the
interaction, whine and shake, or crouch with a tucked tail Indifferent = neither scared or excited;
passive interaction Excited = may move towards the person, seemed alert and interested in the
interaction
Scared Indifferent Excited Unsure
8-12 Weeks
12-16 Weeks
16-20 Weeks

Did you give new people any instructions on how to interact with your puppy?
Yes
No

What things did you instruct them to do?

Did you introduce your puppy to new and different types of dogs?
Yes
No
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Please indicate the number of different dogs your dog was introduced to at each of the following
ages:
0

1-5

6-10 11-15 16-20 21+ Not Applicable/Unsure

8-12 Weeks
12-16 Weeks
16-20 Weeks

On average, how did your puppy react to meeting new dogs? Scared = may avoid the interaction,
whine and shake, or crouch with a tucked tail Indifferent = neither scared or excited; passive
interaction Excited = may move towards the person, seemed alert and interested in the
interaction
Scared Indifferent Excited Not applicable/Unsure
8-12 Weeks
12-16 Weeks
16-20 Weeks

Did you take any precautions or attempt to regulate the interaction?
Yes
No

Please provide examples:

Did you introduce your puppy to new and different environments and situations?
Yes
No

On average, how did your puppy react to being exposed to new environments and situations?
Scared = may avoid the interaction, whine and shake, or crouch with a tucked tail Indifferent =
neither scared or excited; passive interaction Excited = may move towards the person, seemed
alert and interested in the interaction
Scared Indifferent Excited Unsure
8-12 Weeks
12-16 Weeks
16-20 Weeks

Dog History
Does your dog have a history of extreme hunger or being underfed?
Yes
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No
Unsure

Considering the following body condition chart, please select the image your dog most closely
resembled when you acquired him/her:
Body Score 1
Body Score 2
Body Score 3
Body Score 4
Body Score 5

Did your dog have a history of abuse prior to you acquiring him/her?
Yes
No
Unsure

Environment and Household
Where does your dog primarily live?
In your house
Outdoors
Other, please specify... ______________________

How is your dog housed outdoors?
Tethered with a shelter
Tethered without a shelter
In a barn
In a kennel
Other, please specify... ______________________

Where does your dog normally sleep?
In your bed
In your bedroom, somewhere other than your bed
A room other than your bedroom
In a crate

Do children (individuals under the age of 13) often interact with your dog?
292

Yes
No
Unsure

How frequently do children interact with your dog in the following ways?
Often Sometimes Rarely Not applicable/Unsure
Playing with the dog
Exercising the dog
Feeding the dog meals
Feeding the dog treats, rawhides, or bones
Petting the dog

On average, how does your dog react the following types of interactions with children? Scared =
may try to avoid the interaction, whine and shake, or crouch with a tucked tail Aggressive = may
growl, show teeth, stare or be very stiff and tense, may snap or bite Indifferent = neither scared
or excited; passive interaction Excited = may quickly and confidently move towards the person,
seems alert and interested in the interaction
Scared Aggressive Indifferent Excited Not
applicable/Unsure
Playing with the dog
Exercising the dog
Feeding the dog meals
Feeding the dog treats, rawhides, or
bones
Petting the dog

Do teenagers (individuals between the ages of 13 and 17) often interact with your dog?
Yes
No
Unsure

How frequently do teenagers interact with your dog in the following ways?
Often Sometimes Rarely Not applicable/Unsure
Playing with the dog
Exercising the dog
Feeding the dog meals
Feeding the dog treats, rawhides, or bones
Petting the dog
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On average, how does your dog react the following types of interactions with teenagers?
Scared = may try to avoid the interaction, whine and shake, or crouch with a tucked tail
Aggressive = may growl, show teeth, stare or be very stiff and tense, may snap or bite
Indifferent = neither scared or excited; passive interaction Excited = may quickly and
confidently move towards the person, seems alert and interested in the interaction
Scared Aggressive Indifferent Excited Not
applicable/Unsure
Playing with the dog
Exercising the dog
Feeding the dog meals
Feeding the dog treats, rawhides, or
bones
Petting the dog

Exercise
How much time does your dog spend exercising (i.e. physical activity) on an average day in
total?
Less than 10 minutes
10-30 minutes
30-60 minutes
1-2 hours
2+ hours

What type of exercise does your dog do on an average day? (Select any that apply)
Walking on leash
Running on leash
Walking off leash
Running off leash
Playing fetch
Dog park
Other, please specify... ______________________

Food
What type of dog food do you typically feed your dog each day? (Select all that apply)
Dry food
Wet food
Raw food
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Other, please specify... ______________________

Where is your dog's food bowl located when he/she is eating?
Kitchen
Dining room
Outside, please specify... ______________________
Other, please specify... ______________________

How many times per day is your dog fed meals?
1
2
3
4+

Generally, how quickly does your dog consume his/her food?
Rapidly (eats with large bites and doesn't pause, food is gone within seconds)
Neither rapidly nor slowly (eats with normal sized bites, pauses between several bites and depending
on the size of the meal, may take a minute or so to consume all food)
Slowly (frequently pauses while eating, may appear disinterested, may walk away with food
remaining in bowl)

How often is your dog fed treats from your plate (or another household member's plate) while
you're eating a meal?
Always Often Sometimes Rarely Never Unsure

Does your dog ever steal or attempt to steal human food items?
Yes
No

Does your dog have unrestricted access to water all day?
Yes
No

How many times per day does your dog have access to water?
1
2
3
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4+

Do you ever give your dog rawhides or bones?
Yes
No

Does your dog prefer to:
Consume the bone/rawhide in an open area in the presence of people and/or other animals
Consume the bone/rawhide in an area away from people and/or other animals, such as an alternate
room
Doesn't seem to have a preference (will consume the bone/rawhide in any location)

While your dog is eating, have you ever...
1. Reached in to touch his/her food in their food dish?
Yes
No

What ages and how frequently did you reach in to touch your dog's food while he/she was
eating?
Never Once/~6
months

Once/month Once/week Every
meal

Not
applicable/Unsure

8-16 weeks
16 weeks - 1
year
1-7 years
8+ years

2. Thrown tasty pieces of food in your dog's food dish while he/she was eating?
Yes
No

What ages and how frequently did you throw tasty pieces of food into your dog's food dish?
Never Once/~6months Once/month Once/week Every
meal
8-16 weeks
16 weeks - 1
year
1-7 years
8+ years
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Not
applicable/Unsure

3. Taken the food dish away or a food item away while your dog was eating?
Yes
No

What ages and how frequently did you take your dog's food dish or food item away while they
were eating?
Never Once/~6
months

Once/month Once/week Every
meal

Not
applicable/Unsure

8-16 weeks
16 weeks - 1
year
1-7 years
8+ years

4. Hand fed your dog his/her meal or parts of his meal?
Yes
No

What ages and how frequently have you hand fed your dog?
Never Once/~6
months

Once/month Once/week Every
meal

Not
applicable/Unsure

8-16 weeks
16 weeks - 1
year
1-7 years
8+ years

When your dog has an item in his/her possession that you believe it shouldn't have, what is your
reaction?
I always remove the item from the dog's possession
If I think the item will harm the dog, I remove the item from the dog's possession
I never attempt to remove an item from the dog's possession

How do you remove the item?
Reach and grab with your hand
Offer something valuable in trade, such as a treat
Other, please specify... ______________________

Considering the following body condition score chart, which image most closely resembles your
dog today?
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Body Score 1
Body Score 2
Body Score 3
Body Score 4
Body Score 5

Training
Have you ever participated in professional dog training classes with your dog?
Yes
No

What types of classes? (Please select all that apply)
Socialization
Puppy class
Basic obedience
Agility
Advanced obedience
Other, please specify... ______________________

How old was your dog when attending classes? (Please select all the apply)
Less than 4 months
4-8 months
8 months-1 year
1-2 years
2-3 years
3-4 years
4-5 years
5-6 years
6-7 years
7+ years

What methods did the trainer primarily use? (Please select all that apply)
Give treats for correct responses
Give verbal and/or physical praise for correct responses
Ignore for correct responses
Ignore for incorrect responses
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Verbal reprimand for incorrect responses
Leash corrections (e.g. 'popping' or 'jerking' the leash) for incorrect responses
Smacking for incorrect responses
Unsure/Don't remember

Have you (or a trainer) ever taught your dog to 'leave' an item or command?
Yes
No

How old was your dog when you began teaching 'leave it'?

Does your dog reliably perform this behaviour today?
Yes
No

Have you (or a trainer) ever taught your dog to 'drop' an item on command?
Yes
No

How old was your dog when you began teaching 'drop it'?

Does your dog reliably perform this behaviour today?
Yes
No

Have you (or a trainer) ever practiced 'trading up'? (Your dog has an item in his/her possession,
and you offer something more appealing in return for release of the original item)
Yes
No

How old was your dog when you began practicing 'trading up'?

Does your dog reliably perform this behaviour today?
Yes
No
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If your dog performs an unwanted behaviour, how do you respond in the following few seconds?
(Select all that apply)
Hold your dog down by the scruff
Hold your dog down on their back
Grab your dog's muzzle
Ignore the behaviour
Spray your dog with water
Avoid similar situations in the future
Smack your dog
Stare at your dog
Redirect your dog's behaviour (get their attention on something else)
Use a shock collar
Use a spray collar
Wait until your dog performs a wanted behaviour, then give a treat or praise
Give a verbal correction (such as saying "No!" in a stern, loud voice)
Other, please specify... ______________________

Do you think your dog has any chronic (long-term) behaviour issues?
Yes
No

Please indicate your dog's behaviour issue(s).
Separation anxiety
Dog-directed aggression
Human-directed aggression
Inappropriate elimination (i.e. poor bathroom habits)
Excessive barking
Chewing or digging
Other, please specify... ______________________

Personality
For each of the statements below, please mark the box that most accurately describes your level
of agreement. The answer should reflect the general personality of your dog, so for example, if a
statement applies to your dog in some situations but not others, please make a judgement as to
how much you agree.Note: N.A. means "not applicable"
Strongly

Mostly
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Partly

Mostly

Strongly

N.A./Unsure

Agree

Agree

agree,
partly
disagree

Disagree

Disagree

Strongly
Agree

Mostly
Agree

Partly
agree,
partly
disagree

Mostly
Disagree

Strongly
Disagree

1. My dog shows extreme physical
signs when excited (e.g. drooling,
panting, raising hackles, urination,
licking lips, widening of eyes).
2. When my dog gets very excited it
can lead to fixed repetitive behaviour
(i.e. an action that is repeated in the
same way over and over again) such
as tail chasing or spinning around in
circles.
3. I would consider my dog to be very
impulsive (i.e. has sudden, strong
urges to act; acts without forethought,
acts without considering effects of
actions).
4. My dog becomes aggressive (e.g.
growl, snarl, snap, bite) when excited.
5. My dog does not think before it acts
(e.g. would steal food without first
looking to see if someone is
watching).
6. My dog can be very persistent (e.g.
will continue to do something even if
it knows it will get punished or told
off).

7. My dog may become aggressive
(e.g. growl, snarl, snap, bite) if
frustrated with something.
8. My dog calms down very quickly
after being excited.
9. My dog appears to have a lot of
control over how it responds.
10. My dog is not very patient (e.g.
gets agitated waiting for its food, or
waiting to go out for a walk).
11. My dog seems to get excited for
no reason.
12. My dog doesn't like to be
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N.A./Unsure

approached or hugged.
Strongly
Agree

Mostly
Agree

Partly
agree,
partly
disagree

Mostly
Disagree

Strongly
Disagree

N.A./Unsure

13. My dog appears to be 'sorry' after
it has done something wrong.
14. My dog is easy to train.
15. My dog takes a long time to lose
interest in new things.
16. My dog reacts very quickly.
17. My dog is very interested in new
things and new places.
18. My dog is not keen to go into new
situations.

Dogs sometimes show signs or anxiety of fear when exposed to particular sounds, objects,
persons or situations. Typical signs of mild to moderate fear include: avoiding eye contact,
avoiding the feared object, crouching or cringing with tail lowered or tucked between legs,
whimpering or whining, freezing, and shaking or trembling. Extreme fear is characterized by
exaggerated cowering, and/or vigorous attempts to escape, retreat or hide from feared object,
person or situtation. Please indicate your dog's general tendency to display fearful behaviour in
each of the following contexts:
None
1. When approached directly by an unfamiliar adult while away
from your home.
2. When approached directly by an unfamiliar child while away
from your home.
3. When unfamiliar persons visit your home.
4. When an unfamiliar person tries to touch or pet your dog.
5. When approached directly by an unfamiliar dog of the same
or larger size.
6. When approached directly by an unfamiliar dog of a smaller
size.
7. When unfamiliar dogs visit your home.
8. When barked, growled, or lunged at by an unfamiliar dog.
9. When unfamiliar people walk past your home and the dog is
aware of them.
10. When having nails clipped by a household member.
11. When groomed or bathed by a household member.
12. When having his/her feet towelled by a member of the
household.
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Mild

Moderate

Severe

N.A./Unsure

Please use this page to review the different categories of dog behaviour. We will ask you to
compare your dog's behaviour on the next page.
Consider your dog's current behaviour around food and non-food items.If you need a reminder
about the different behaviour categories, please click on the link below, which will open up a
new browser window.
Category Examples (Identical to those covered in Appendix D.3)

Which behaviour category most closely resembles your dog's typical behaviour around items in
the presence of people?
Behaviour reaction
Food bowl

All people or certain people?

Gulping

All people

Keep away

Specific types of people (e.g.
children)

Subtle aggression
Biting/snapping
aggression
Relaxed, none of the
above
Never offered/Don't
know
Rawhide or bones

Gulping

All people

Keep away

Specific types of people (e.g.
children)

Subtle aggression
Biting/snapping
aggression
Relaxed, none of the
above
Never offered/Don't
know
Other food items (e.g. treats)

Gulping

All people

Keep away

Specific types of people (e.g.
children)

Subtle aggression
Biting/snapping
aggression
Relaxed, none of the
above
Never offered/Don't
know
Toys (e.g. balls, stuffed animals)

Gulping

All people

Keep away

Specific types of people (e.g.
children)

Subtle aggression
Biting/snapping
aggression
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Relaxed, none of the
above
Never offered/Don't
know
Other objects (e.g. sticks in the
yard)

Gulping

All people

Keep away

Specific types of people (e.g.
children)

Subtle aggression
Biting/snapping
aggression
Relaxed, none of the
above
Never offered/Don't
know

Which behaviour category most closely resembles your dog's typical behaviour around items in
the presence ofother dogs?
Behaviour reaction
Food bowl

All dogs or certain dogs?

Gulping

All dogs

Keep away

Specific types (e.g. large dogs)

Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
Never offered/Don't know
Rawhide or bones

Gulping

All dogs

Keep away

Specific types (e.g. large dogs)

Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
Never offered/Don't know
Other food items (e.g. treats)

Gulping

All dogs

Keep away

Specific types (e.g. large dogs)

Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
Never offered/Don't know
Toys (e.g. balls, stuffed animals)

Gulping

All dogs

Keep away

Specific types (e.g. large dogs)

Subtle aggression
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Biting/snapping aggression
Relaxed, none of the above
Never offered/Don't know
Other objects (e.g. sticks in the yard)

Gulping

All dogs

Keep away

Specific types (e.g. large dogs)

Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
Never offered/Don't know

What are the "other objects"?

What types of people?
Men only
Women only
Children only
Elderly only
Other, please specify... ______________________

What types of dogs?
Large dogs
Small dogs
Certain breeds, please specify ______________________
Other, please specify... ______________________

Does your dog ever display a different, more extreme behaviour example in certain contexts
around food or other items?
Yes
No

Which of the following items elicit a different behaviour response? (check all that apply)
Food bowl
Rawhide or bones
Other food items (e.g. treats), please specify: ______________________
Toys (e.g. balls, stuffed animals), please specify: ______________________
Other objects (e.g. sticks in the yard), please specify: ______________________
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Which of the following behaviours are observed around the food bowl when people or dogs
approach?
Check box if observed

How frequently?

Gulping

Keep away

Subtle aggression

Biting/snapping aggression

Around people or dogs?

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

All people or specific people?
All people
Certain types of people (e.g. men) or certain individual people, please specify:
______________________

All dogs or certain types?
All dogs
Certain types or certain dog, please specify: ______________________

Which of the following behaviours are observed around rawhides or bones when people or dogs
approach?
Check box if observed

How frequently?

Gulping

Keep away

Subtle aggression
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Around people or dogs?

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Biting/snapping aggression

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

All people or specific people?
All people
Certain types of people (e.g. men) or certain individual people, please specify:
______________________

All dogs or certain types?
All dogs
Certain types or certain dog, please specify: ______________________

Which of the following behaviours are observed around other food items when people or dogs
approach?
Check box if observed

How frequently?

Gulping

Keep away

Subtle aggression

Biting/snapping aggression

Around people or dogs?

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

All people or specific people?
All people
Certain types of people (e.g. men) or certain individual people, please specify:
______________________

All dogs or certain types?
All dogs
Certain types or certain dog, please specify: ______________________
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Which of the following behaviours are observed around toys when people or dogs approach?
Check box if observed

How frequently?

Gulping

Keep away

Subtle aggression

Biting/snapping aggression

Around people or dogs?

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

All people or specific people?
All people
Certain types of people (e.g. men) or certain individual people, please specify:
______________________

All dogs or certain types?
All dogs
Certain types or certain dog, please specify: ______________________

Which of the following behaviours are observed around other items when people or dogs
approach?
Check box if observed

How frequently?

Gulping

Keep away

Subtle aggression
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Around people or dogs?

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

Biting/snapping aggression

Often

People

Sometimes

Dogs

Rarely

Both people and dogs

All people or specific people?
All people
Certain types of people (e.g. men) or certain individual people, please specify:
______________________

All dogs or certain types?
All dogs
Certain types or certain dog, please specify: ______________________

Consider your dog'spast behaviour around food and other items.
In the past, has your dog ever displayed a DIFFERENT response than the one(s) you reported
above? OR, has your dog's response CHANGED in frequency or intensity?
Yes
No
Unsure

What was your dog's past reaction to people or other dogs around valued items?
Past behaviour reaction
Food bowl

Frequency

The frequency, not the behaviour, has
changed

Occurs more
often

Gulping

Occurs less often

Keep away
Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
No change
Rawhide or bones

The frequency, not the behaviour, has
changed

Occurs more
often

Gulping

Occurs less often

Keep away
Subtle aggression
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Biting/snapping aggression
Relaxed, none of the above
No change
Other food items (e.g. treats)

The frequency, not the behaviour, has
changed

Occurs more
often

Gulping

Occurs less often

Keep away
Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
No change
Toys (e.g. balls, stuffed animals)

The frequency, not the behaviour, has
changed

Occurs more
often

Gulping

Occurs less often

Keep away
Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
No change
Other objects (e.g. sticks in the
yard)

The frequency, not the behaviour, has
changed

Occurs more
often

Gulping

Occurs less often

Keep away
Subtle aggression
Biting/snapping aggression
Relaxed, none of the above
No change

Consider any events (either purposeful or accidental) that may explain the change in your dog's
behaviour around resources. Please briefly describe them here:
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D. 4 List of participating dog breeds organized by AKC breed group
Group

Breed

Total #

Herding

American Shepherd

1

Anatolian Shepherd

8

Australian Cattle Dog

34

Australian Kelpie

4

Australian Shepherd

98

Bearded Collie

4

Beauceron

2

Belgian Malinois

11

Belgian Sheepdog

9

Belgian Tervuren

7

Blue Heeler

2

Border Collie

166

Bouvier des Flandres

50

Briard

4

Cardigan Welsh Corgi

13

Catahoula Leopard Dog

11

Collie

15

Dutch Sheepdog

1

Dutch Shepherd

1

English Shepherd

3

Finnish Lapphund

1

German Shepherd

107

Groenendal

2

Hungarian Mudi

1

Hungarian Puli

2

Icelandic Sheepdog

6

Komondor

3

Lapponian Herder

1

Miniature American Shepherd

1

Old English Sheepdog

2

Pembroke Welsh Corgi

42

Polish Lowland Sheepdog

1

Portuguese Cattle Dog

1

Pyrenean Shepherd

4

Shetland Sheepdog

31

Shiloh Shepherd

11

Smooth Collie

1

White Shepherd

5

Afghan Hound

8

American Foxhound

3

Hound
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NonSporting

Basenji

7

Basset Hound

14

Beagle

33

Bloodhound

5

Bluetick Coonhound

1

Borzoi

6

Coonhound

5

Dachshund

43

Greyhound

22

Ibizan Hound

3

Irish Wolfhound

4

Lurcher

3

Mountain Cur

1

Norwegian Elkhound

2

Otterhound

8

Petit Basset Griffon Vendeen

3

Pharaoh Hound

2

Plott Hound

2

Portuguese Podengo

2

Redbone Coonhound

2

Rhodesian Ridgeback

22

Saluki

3

Scottish Deerhound

2

Treeing Walker Coonhound

1

Whippet

12

Alaskan Klee Kai

2

American Eskimo Dog

7

American Indian Dog

1

Bichon Frise

5

Boxer

48

Bulldog

14

Carolina Dog

2

Chow Chow

4

Dalmatian

13

French Bulldog

12

German Mittel Spitz

1

Jindo Dog

1

Karelian Bear Dog

2

Keeshond

10

Kromfohrländer

2

Miniature Poodle

11

Peruvian Hairless Dog

1
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Sporting

Terrier

Poodle

7

Schipperke

5

Shar Pei

1

ShibaInu

10

Standard Poodle

40

Xoloitzcuintli

4

American Cocker Spaniel

23

Boykin Spaniel

1

Brittany Spaniel

4

Chesapeake Bay Retriever

2

DrentsePatrijishond

1

English Cocker Spaniel

12

English Pointer

4

English Setter

14

English Springer Spaniel

16

Flat Coated Retriever

4

German Shorthaired Pointer

15

Golden Retriever

101

Gordon Setter

2

Irish Setter

7

Irish Water Spaniel

7

Labrador Retriever

162

Large Munsterlander

2

Nova Scotia Duck Tolling
Retriever
Pointer

11

Slovakian Rough Haired Pointer

1

Spanish Water Dog

1

SpinoneItaliano

2

Springer Spaniel

5

Vizsla

15

Weimaraner

9

Welsh Springer Spaniel

11

Wirehaired Pointing Griffon

17

Airedale Terrier

5

American Staffordshire Terrier

56

Bedlington Terrier

2

Border Terrier

14

Boston Terrier

15

Bull Terrier

6

Cairn Terrier

5

Fox Terrier

3

Glen of Imaal Terrier

1

2
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Toy

Working

Irish Terrier

1

Jack Russell Terrier

32

Kerry Blue Terrier

2

Manchester Terrier

9

Miniature Schnauzer

18

Norwich Terrier

1

Patterdale Terrier

1

Rat Terrier

12

RatoneroBodegueroAndalus

1

Scottish Terrier

4

Silky Terrier

3

Soft Coated Wheaten Terrier

6

Terrier

1

Tibetan Terrier

1

Welsh Terrier

3

West Highland White Terrier

10

Affenpinscher

2

Brussels Griffon

2

Cavalier King Charles Spaniel

14

Chihuahua

48

Chinese Crested

8

Havanese

11

Italian Greyhound

25

Japanese Chin

3

Maltese

8

Miniature Pinscher

6

Papillon

19

Pekingese

7

Pomeranian

11

Pug

22

Shih Tzu

25

Toy Fox Terrier

1

Toy Poodle

5

Yorkshire Terrier

11

Akbash

1

Akita

3

Alaskan Malamute

21

Bernese Mountain Dog

18

Boerboel

2

Bullmastiff

5

Cane Corso

3

Doberman Pinscher

38

Dogue de Bordeaux

4

314

Other
TOTAL

Entlebucher Mountain Dog

1

Eurasier

1

German Pinscher

4

Giant Schnauzer

7

Great Dane

40

Great Pyrenees

15

Hovawart

1

Kuvasz

1

Leonberger

6

Mastiff

5

Newfoundland

10

Portuguese Mastiff

1

Portuguese Water Dog

25

Pyrenean Mastiff

1

Rottweiler

33

Samoyed

12

Schnauzer

3

Siberian Husky

24

St. Bernard

16

Cross breed

1307

No Response

2
3589
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