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When pet dogs demonstrate certain serious problem behaviors, this may lead
owners to choose behavioral euthanasia. However, research on behavioral
euthanasia of pet dogs is sparse and previously published papers have not
specifically sampled owners who made the decision to euthanize for behavior.
The Behavioral Euthanasia in Pet Dogs Questionnaire was created to collect a
wide range of information from dog owners who made behavioral euthanasia
decisions. Using this survey, we explored the types of behaviors associated with
behavioral euthanasia. Human-directed aggression, especially toward adults
living in the household, was the most frequently reported reason for choosing
behavioral euthanasia; followed by aggression toward other animals, especially
other dogs living in the same household. The majority of dogs displaying
human-directed or other animal-directed aggression were reported to have
bitten and broken skin, and many of these had bitten in multiple or severe
incidents. Most dogs had lived in their homes and displayed problem behaviors
for over a year prior to behavioral euthanasia, and the euthanasia occurred at
a variety of ages, from less than lyear old to 18years old. Additional research
is required to understand environmental or nonbehavioral factors contributing
to the behavioral euthanasia of companion animals, as well as the psychosocial
and emotional impact of behavioral euthanasia on the human experience.
Understanding the behavioral factors associated with behavioral euthanasia
can direct resources toward problem behavior interventions, improve public
education about animal behavior, and strengthen the human-animal bond.

KEYWORDS

euthanasia, behavior problems, behavioral euthanasia, canine behavior, aggression,
dogs, behavior, behavioral problems

1 Introduction

According to the American Pet Products Association, 66% of U.S. households include
companion animals (1). Owners are estimated to spend over $143 billion dollars caring for
their companion animals in 2023 (1). A majority of these households (75%) have dogs, and
those dogs are considered to be “family” by 86% percent of owners (2-5).

There are a number of potential challenges of living with and caring for dogs (6, 7).
Dealing with problem behaviors can be one of those challenges, as demonstrated by studies
reporting that 40-92% of dogs present with behavior issues (8-16). Understanding the
occurrence and prevalence of problem behaviors in pet dogs can be challenging due to the
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diverse range of descriptions, terminology, and categorization used in
research (17-20). For example, the broad single category of
“aggression” has included barking, non-injurious bites during play,
and even injurious or fatal bites across studies (16, 21, 22). Within the
category of aggression, researchers have classified aggressive behaviors
by victim, circumstance or trigger, and motivation (17, 23-26).

When pet dogs display problem behaviors, this can result in
negative consequences for the community, the human-animal bond, the
owner, and the dogs themselves (16, 21, 27-35). Poor human-animal
relationships and euthanasia decisions can also negatively impact
professionals such as dog behavior consultants and veterinarians (36).

If behavior problems are seen as severe by the dog’s owners, such
as aggression, owners might seek assistance from veterinary and
animal behavior professionals or choose to remove the dog from their
home by rehoming them to another household or relinquishing them
to an animal shelter or rescue (17, 19, 26, 37-39). When considering
these negative consequences (such as having to seek professional help
or rehoming the dog), aggressive behavior was identified as the most
commonly reported problem behavior by multiple studies (17, 19, 23,
26, 37, 40).

Problem behaviors that increase the risk of harm or decrease
welfare for the dog or others around them may result in euthanasia of
the dog, despite the dog being physically healthy (41, 42). This is
commonly known as behavioral euthanasia (BE). Few studies have
attempted to identify the prevalence or risk factors for behavioral
euthanasia in owned dogs (28, 43-55). Several of these studies have
focused on prevalence at a population level and have not delved into
the specifics of the behaviors exhibited by those dogs, while others
looked at risk factors within a smaller subset of dogs.

Despite the limited research on this topic, dog behavior
practitioners are drawing attention to this area through conferences,
online courses, articles, and blogs (56-65).

Previous research suggests that the primary behavioral cause for
euthanasia is aggression. In one study that investigated why dogs were
surrendered for behavioral reasons to an animal shelter, (47) found
that the most common reasons were human-directed aggression, bites
to people or animals, or animal-directed aggression. This is in
agreement with other studies that indicate aggression, particularly
aggression toward people, is a major factor in behavioral euthanasia
decisions (28, 43-46, 48-55).

However, the existing studies do not investigate these behaviors
in-depth to evaluate commonalities in severity levels or details of
aggression. Currently, practitioners must rely largely on anecdotal
evidence when it comes to the behaviors most commonly associated
with euthanasia in pet dogs. Therefore, the purpose of this study was
to identify which specific behavioral factors in dogs were associated
with behavioral euthanasia decisions by owners using the Behavioral
Euthanasia in Pet Dogs Survey.

2 Materials and methods

2.1 Subjects

Subjects were primarily recruited online from social media groups
focusing on behavioral euthanasia, dog behavior, or dog ownership.
Additional recruitment strategies included email list-servs and emails
with veterinary behaviorists and trainers. The resulting sample is one
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of convenience rather than a statistically derived sampling method.
Participation in the study was limited to adults in the United States
who had euthanized a pet dog due to behavior problems any time on
or after January 1st, 2017. The dog must have been owned by the
respondent, not a dog in a shelter or foster environment.

In order to minimize potential recall bias, the sample was limited
to those who had euthanized a dog for behavior concerns within
approximately the 5 years immediately prior to survey completion (66).

2.2 Questionnaire

We designed a questionnaire to collect a broad range of
information about dogs that were euthanized for behavior-related
issues. Due to the exploratory nature of this research, only a portion
of the questions used in this questionnaire could be obtained from
validated, previously published questionnaires. For example, several
questions about the euthanized dog and its living situation were
adapted from questionnaires used in the Dog Aging Project (67).
Human demographic information questions were retrieved from the
2020 U.S. Census (68). The remaining questions were written based on
the consensus opinion of more than 20 experts in dog behavior. These
experts included board certified veterinary behaviorists, animal
behavior researchers, certified dog behavior consultants, and dog
trainers who specialize in complex cases.

The resulting Behavioral Euthanasia in Pet Dogs questionnaire
was designed to focus on simple descriptions and lay terminology
wherever possible. This limits potential differences in responses based
on level of behavioral education. Questions used situational
descriptions such as whether the dog showed aggression when
“approached while eating vs. potential labels or causes for that
behavior (e.g., dominance or resource guarding).

The questionnaire consisted of 118 questions designed to cover a
wide range of information about dogs that were euthanized for
behavioral reasons. Respondents were asked for basic signalment and
information about the dog, their living situation, and their acquisition.
They then ranked up to three categories of behavior as being the
primary reasons for the euthanasia (aggression toward people;
aggression toward dogs or other animals; fear, anxiety, or stress;
compulsive behaviors; separation anxiety; and other behaviors). These
ranked categories determined which survey sections respondents
would see later in the survey, with branching logic showing the
respondent detailed behavior questions related to the behaviors they
had listed. The questionnaire also included questions about treatments
or interventions respondents had attempted prior to euthanasia as well
as non-behavioral factors that contributed to the euthanasia decision.

Behavior questions were written based on results and methods
from previous research as well as anecdotal experience from behavior
experts (28, 43-55). These questions include information about types
of behaviors, specific targets or circumstances for those behaviors, the
severity involved, and any precursors to those behaviors.

In order to understand comorbid behaviors and patterns, most
questions allowed respondents to select as many responses as applied.
Thus response count (total number of responses submitted by all
respondents) and respondent count (total number of respondents who
answered that question) are listed throughout.

This research project was approved by the Virginia Tech
Institutional Review Board, with exemption under 45 CFR 46.104(d)
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category (ies) 2(i) with IRB number 22-311. The first page of the
survey included a consent form.

Summary descriptive statistics were calculated using JMP Pro
Version 16.1.0 (69) (RRID: SCR_022199). All figures were created using
R (70) [RRID: SCR_001905; (71), RRID: SCR_014601; (72), RRID:
SCR_024824; (73), RRID: SCR_024825; (74), RRID: SCR_024826)].

3 Results

We recruited a total of 800 respondents who met the selection
criteria. Of these, 729 completed the questions about dog signalment
and sourcing, and 690 completed the ranking of primary behaviors
that led to the decision to euthanize. Finally, 575 respondents
completed the entire survey through the demographic questions at the
end. Data analysis of each question included all responses to that
question; therefore, the response count varies by question (see
Supplementary Figure for details).

Of the 575 respondents who provided demographic information,
94.5% identified as women and 91.3% identified as White,
Non-Hispanic. Respondents ranged in age from 18 to 65+ years old,
but over one third of all respondents reported being ages 25-34 at the
time of the dog’s euthanasia. Almost two thirds of respondents
reported having a bachelor’s degree or higher level of education or
training. At the time of euthanasia, 34.1% of respondents had a
household annual income of $50,000-$99,000. The next most
common income range was $100,000-$199,000 (29.1%), followed by
under $50,000 per year (21.2%).

The respondents reported on 729 dogs, which included 69.4%
males and 30.6% females, with 89.2% of all dogs being spayed or
neutered. These dogs ranged from three kilograms to 102 kilograms
in weight, with a median of 27 kilograms and a mean of 28 kilograms.
Over half of the dogs were acquired prior to 1year of age.

10.3389/fvets.2024.1387076

3.1 Primary behavior problems that led to
euthanasia

The “Primary Behaviors” question in the Behavioral Euthanasia
in Pet Dogs questionnaire asked respondents to rank up to three
behavior categories that contributed to their behavioral euthanasia
decision. In this study, 690 respondents completed the survey section
that provided information on the primary, secondary, and tertiary
behavioral reason for euthanasia.

Aggression toward people was the most commonly reported
behavior category at 33.8% of all responses (78.6% of respondents),
followed by aggression toward dogs or other animals with 27.9% of
responses (64.7% of respondents; Figure 1). Fear, anxiety, and stress
accounted for 22.6% of responses (52.8% of respondents), with
separation anxiety and compulsive behaviors represented in 6.0 and
5.7% of responses, respectively, (13.9 and 13.2% of respondents). Only
4.0% of responses were for the “Other” category of behavior (9.0%
of respondents).

Of the 19.7% who only chose a single behavior, 63.2% of responses
were aggression toward people and an additional 30.2% were
aggression toward dogs or other animals. There were only six
respondents who selected fear, anxiety, or stress as the only problem
behavior leading to euthanasia. Two respondents chose “Other,” and
one chose compulsive behavior.

In addition to calculating total number of responses per category,
we also separated them by participants’ ranking (first, second, or third
most problematic; Figure 2). Aggression toward people was the most
highly ranked as a problematic behavior, with an overall average
ranking of 1.33/3 ignoring non-rankings. It was listed as the primary
behavior that led to a euthanasia decision by 57.4% of all respondents
and was ranked in the top three factors by 78.6% of all respondents.
Of the 542 respondents who included aggression toward people as one
of their top three reasons for euthanasia, 73.1% marked it as the
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number one cause, with 20.8% marking it second and 6.1% marking
it as the third most important factor.

While aggression toward people was commonly ranked as the
most important reason for euthanasia, categories like fear, anxiety, and
stress or compulsive behaviors were more likely to be ranked second
or third. Of those who marked fear, anxiety, or stress as one of their
ranked behaviors, only 20.0% ranked it first vs. 42.6% who ranked it
second and 37.4% who ranked it third.

Comorbidities were common among the various categories of
behavior, with 80.1% of respondents selecting more than one primary
behavior. The most common combinations of categories were
aggression toward people followed by aggression toward animals, with
26.8% of respondents choosing this option. The next most common
combination was aggression toward people followed by fear, anxiety,
or stress (12.9% of respondents).

3.2 Time in the home, age, and onset of
behavior problems prior to euthanasia

The majority of dogs had been in the home for at least a year prior
to euthanasia, and 42.3% had been in the home more than 3 years.
Additionally, most dogs began displaying the problem behavior at
least 1year prior (60.4%, Figure 3). Twenty six percent of dogs had
only shown the behavior for 3-12 months prior to euthanasia, and
only 5.9% of dogs began the behavior less than 1 month before.

The dogs represented in this study were euthanized at ages
ranging from under 1year old to 18years old, with a median of
3years old and a mean of 4.31 years old (Figure 4). Only 3.6% of dogs
were less than 1 year old at euthanasia, and 6.6% were 10 years old or
older. Of those older dogs, 81.0% had been in the home for at least
3years. However, the onset of problem behaviors within all of the
older dogs was varied. Of these dogs that were euthanized at age 10
or older, 42.9% had demonstrated the problem behavior (s) for at
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FIGURE 3

Time since onset of problem behavior (s) by length of time in home
at time of behavioral euthanasia. Legend: time since onset (from
lightest color to darkest): less than 1week, 1-4 weeks, 1-3 months,
3-12 months, 1-3years, More than 3years. n = 639.

least 3 years. However, only 21.4% had shown it for one to 3 years and
another 23.8% demonstrated the problem behavior from three to
12 months. The remaining 11.9% of dogs 10 or older only began
exhibiting the behavior issue less than 3 months prior to euthanasia.

In addition to questions about age and onset of behavior
problems, respondents were asked to identify whether there was a
single behavioral incident or final incident (compared to no specific
incident) that contributed to the behavioral euthanasia decision. The
majority of respondents indicated that behavioral euthanasia was
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Total responses for potential targets of aggression toward people. Total response count 1,532. The 476 respondents who said that their dog’s
aggression toward people was one of the primary reasons for euthanasia were able to choose as many categories as applied.

200 300

Count

based on a final incident (77.9%), vs. 5.8% indicating a single
incident and 16.3% reporting that no specific incident led to
the decision.

3.3 Aggression toward people

3.3.1 Targets

Of the 542 respondents who selected aggression toward people
as a primary behavior leading to the decision to euthanize, 476
responded to questions about the types of targets of the dog’s
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aggression. These types included familiar adults or unfamiliar
children, for example, and respondents were able to choose multiple
targets of aggression (Figure 5). Most respondents (83.8%) selected
multiple targets of aggression, with a mean of 3.2 categories of people
the dog aggressed toward. The remaining 16.2% selected a sole target
for the dog’s aggression toward people. Of these 16.2%, over half
reported aggression solely toward adults in the home.

Aggression solely toward adults in the home was more prevalent
than expected: 10.3% of all respondents who answered the section
about aggression toward people (n=476) indicated that the dog was
only aggressive toward adults in the home. The next most common
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response pattern (7.4%) was aggression toward all adults, followed
by 4.6% reporting all options (children and adults).

Aggression solely toward children was rare, reported by only
2.7% of respondents. Even more uncommon was aggression
specifically to a single category of child, with 1.9% of respondents
marking children in the home as the target of aggression and 0.4%
noting familiar children not living in the home as the sole target.

3.3.2 Predictability and triggers

Respondents were asked about their ability to predict their dog’s
aggression toward people as well as their ability to notice warning
signals prior to aggression. Forty two percent of respondents
indicated that they could predict aggressive reactions “most of the
time” or “always,” while only 30.9% of respondents in this section said
the dog showed clear warning signals “most of the time” or “always.”
However, both categories demonstrated wide variation ranging from
“always” to “never”

Respondents also reported the scenarios or triggers that led to
aggression toward people. On average, respondents chose 5.12 of the
15 listed circumstances, with only 12.6% of the 476 respondents
selecting a single trigger. The most common circumstances included
being approached by an unfamiliar person while on leash (9.3% of
respondents) or when a person moved quickly or erratically (8.8% of
respondents). Other common responses were when delivery workers
approached the house or when being touched or handled (7.7% each).

3.3.3 Bites and severity

Of the respondents that indicated their dog showing aggression
toward people, 77.5% reported that the dog had bitten and broken skin
on a person at least once. The median number of bites was three, and
outliers reported as many as 50 to 100 skin breaking bites (Figure 6). Of
the 369 dogs who had broken skin, 22.8% had bitten only once.

10.3389/fvets.2024.1387076

However, almost 36.9% of biting dogs had bitten people at least four
times, and 12.7% were reported to have bitten 10 or more times.

If respondents indicated their dog had bitten a person and broken
skin, they were asked to describe the severity of the inflicted bite
wounds (Table 1). Respondents were able to select multiple wound
types based on the bites their dog had inflicted. The most common
wound type, accounting for 70.5% of total responses, was “1-4 small
punctures from a single bite” While 37.4% of bites were the least severe
type noted above, an additional 18.4% of responses were small tears or
lacerations. However, 41.9% of reported bites were more severe and
would likely involve multiple bites within the same incident and/or
require stitches. Of the reported bites, 29.1% would be considered
most severe (including nine or more punctures, multiple or large tears
or lacerations, or crushing injuries and broken bones).

In addition to assessing the overall prevalence of different types
of bites, we analyzed the data to look at the most severe bite per dog.
If a respondent indicated several types of bites, the category of their
worst bite was recorded. When only looking at the highest severity
level per dog, 37.6% of dogs had a bite in the “most severe” category.

While wounds were reportedly treated at home without
professional medical attention 35.9% of the time, 10.8% of all reported
bites required more than 10 stitches, other surgical intervention, or
hospital admission. When considering just the worst reported bite per
dog, the percent of bites requiring the aforementioned types of
extensive medical treatment rises to 13.8%.

3.4 Aggression toward dogs or other animals

3.4.1 Targets
Aggression toward dogs or other animals was the second most
commonly reported problem behavior that led to behavioral
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FIGURE 6

Number of skin-breaking bites reported per dog with aggression toward people. n = 369 and the two highest outliers (50 bite and 100 bites) were
broken from the main axis for better visual representation of the main data. The upper and lower limits of the box denote the 25 and 75th percentiles at
two bites and five bites, respectively. The median was three bites. The whiskers show the lower and upper limits of the observed values (excluding

outliers) at one bite and eight bites, respectively.
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TABLE 1 Types of wounds inflicted in skin-breaking bites to people by dogs with aggression toward people.

Injury Type Severity Responses Responses Worst bite Worst bite

(count) (percent) per dog per dog
(count) (percent)

1-4 small punctures from a single bite. Least Severe 260 374 122 331

1-3 small tears or lacerations (up to %2 inch). Moderately Severe 128 18.4 70 19.0

5-8 punctures from the same incident Moderately Severe 89 12.8 31 12.8

Tears or lacerations greater than % inch, or fatty Most Severe 94 13.5 79 214

tissue, muscle, etc. exposed.

More than 3 tears or lacerations from multiple bites Most Severe 59 8.5 26 7.0

in the same incident

Crushing injuries or broken bones Most Severe 31 4.5 31 8.4

9-15 punctures from the same incident Most Severe 13 1.9 3 0.8

16+ punctures from the same incident Most Severe 5 0.7 0 0.0

Other Unknown 9 1.3 2 0.5

1 do not know Unknown 8 1.1 5 1.4

Total response count =696. Number of respondents reporting that their dog had bitten a person and broken skin =369. Response Count column represents all responses, and the following

column shows the percentage of the 696 overall responses.

euthanasia, selected by 447 participants; 394 of these respondents
answered the detailed questions pertaining to that aggression.
Aggression toward dogs made up the majority of animal-directed
aggression, with 62.7% of those 394 respondents reporting that their
dog was only aggressive to other dogs, not to other animals. Overall,
aggression toward dogs was reported by 76.7% of respondents who
said their dog showed aggression toward animals. Among dogs that
showed aggression toward other animals, the most common target
of that aggression was another dog (or dogs) in the home (31.2% of
394; Table 2). The next most common targets were unfamiliar dogs
(27.9%) and familiar dogs not living in the home (17.6%). The most
common responses/combinations for this section were either dogs
in the home (18.1% of respondents), unfamiliar dogs (10.7% of
respondents), or a combination of the two (11.0%).

Of the respondents who reported their dog showing aggression
toward other animals (n=394), 133 indicated a single type of target of
aggression. Of those 133, 66.2% aggressed toward other dogs in the
home and 27.1% aggressed toward unfamiliar dogs. Only five
respondents listed aggression toward cats in the home as the sole
aggression toward other animals. No other targets (such as wildlife,
unfamiliar cats, or livestock) were listed as sole choices, instead only
being reported in combination with aggression toward dogs.

3.4.2 Triggers

Respondents were asked to indicate what circumstances or
triggers would cause aggression toward other animals (Table 3). While
the responses varied widely, the most commonly reported triggers
were: being approached while on leash (10.4%), an escalation in play/
excitement (9.5%), being approached while engaging with a preferred
object like a toy or a bone (9.4%), and predatory behavior (9.4%).

3.4.3 Bites and severity

Of the 394 dogs that were reported to aggress toward other
animals, 69.5% had previously bitten an animal and broken skin. Of
the dogs that had bitten, 16.4% had done so only once. Another 21.2%
had broken skin twice, with 19.6% biting three times. Almost 44% of

Frontiers in Veterinary Science

dogs that had previously bitten had broken skin four times or more,
while 13.9% had done it at least 10 times.

Of the skin-breaking bites to other animals, 29.4% were a single
bite with 1-4 small punctures (Table 4). When looking at the dogs that
had bitten (1=274), 10.9% of respondents in this category reported
that the other animal had been killed from the bite incident, and 6.6%
said the other animal was wounded badly enough to be euthanized.
Upon closer examination of the instances where the dog either fatally
attacked another animal or caused injuries severe enough to necessitate
euthanasia, the predominant factor was again aggression toward dogs.
The other animals in these cases included dogs (18), cats (4), and
wildlife (3) based on the free text responses, while other participants
did not note the type of animal. According to notes provided by
respondents, one dog was responsible for the deaths of two cats and
another dog in the household. Additionally, another dog was reported
to have caused the deaths of two dogs within the household.

4 Discussion

The Behavioral Euthanasia in Pet Dogs Questionnaire was used to
investigate factors associated with behavioral euthanasia. Aggression
was the primary problem behavior reported by respondents that led
to euthanasia. This is consistent with previous studies that identified
aggression as the primary behavior concern that led to owners visiting
a veterinary behaviorist or choosing to euthanize (17, 19, 26, 28,
46, 47).

Within the larger category of aggression, aggression toward people
was both the most reported problem behavior overall and most likely
to be selected as the primary reason for euthanasia. This was consistent
with the findings of Anderson et al. (17), which showed the majority
of aggression cases in a particular behavior clinic were human-directed
aggression. This may be due to the safety risks involved with aggression
to humans, or might indicate a prioritization of our own species’ safety
(75, 76). When only one category of human-directed aggression was
reported, aggression toward adults living in the home was the most
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TABLE 2 Total responses of types of targets for dogs’ aggression toward other dogs or other animals.

Target/Victim

Response count

Percent of total responses Percent of respondents

(1486) (394)
Other dogs in the home 283 31.2 71.7
Unfamiliar dogs 253 27.9 64.1
Familiar/known dogs not living in the home 159 17.6 40.3
Unfamiliar cats 101 11.2 25.6
Cats in the home 81 8.9 20.5
Livestock 9 1.0 23
Small wildlife 7 0.8 1.8
Unspecified/ “all animals” 5 0.6 1.3
Large wildlife 4 0.4 1.0
Chickens 4 0.4 1.0

Response count =906, with 394 respondents. Livestock, all wildlife, and chickens were aggregated within the “Other” category.

TABLE 3 Environmental stimuli/circumstances for aggression toward dogs or other animals.

Circumstances Count Percent
Being approached directly by the other animal while the dog was on leash 154 10.3
Escalation in play/excitement 141 9.5
Being approached while playing with/chewing on a favorite toy, bone, or other object 140 9.4
Predatory behavior (attempting to hunt or prey on the other animal) 140 9.4
When an animal entered the dog’s yard or home 137 9.2
When a preferred person was approached by the other animal 126 85
Being approached in/on a preferred area, such as a couch or bed 119 8.0
Being approached while eating 111 7.5
A “redirection” where the dog was reacting to something else but bit the other animal instead, for 08 5o
example when the dog was reacting on leash or running along the fence

Other 58 3.9
When woken up from sleeping or startled 57 3.8
T do not know 53 3.6
Joined in when other dog(s) were already fighting 49 33
The other animal attacked, cornered, or otherwise threatened the dog 39 2.6
None of the above 27 1.8
The dog itself was injured, sick, etc. 26 1.8
Changes in health or appearance of the other animal 22 1.5

Response count = 1,486, with 394 respondents marking as many responses as applied. Percent of responses looks at the instances among all 1,486 responses, while percent of respondents is out

of the 394 respondents.

frequently selected option. At behavior specialty clinics, owner-
directed aggression is a commonly-identified type of human-directed
aggression exhibited by dogs (23, 26, 53). This might suggest increased
difficulty managing aggression toward household members vs. a visitor
who is present less often. Aggressing toward household members
might also contribute to breaking the human-animal bond resulting in
a behavioral euthanasia decision (30, 41, 52, 77).

Aggression toward children was reported less often than aggression
toward adults and was rarely selected as the sole target of the dog’s
aggression. This is contrary to national dog bite data reporting that
children are more frequently taken to the emergency department for
dog bites than adults (33). However, it is also possible that post-bite
treatment is more regularly sought for children due to the prevalence
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of bites to the face or higher bite severity to children (33, 78). Children
familiar with and living with the dog were selected more frequently
than unfamiliar children. This aligns with previous research which
indicates that most pediatric bites were caused by a dog familiar to the
child (79). While bites or aggression toward children occur frequently
according to dog bite statistics, they do not appear to be a common
reason for behavioral euthanasia unless combined with other behavior
problems. This area warrants future research due to the serious physical
and mental health ramifications of bites to children.

When considering the frequency and severity of dog bites, most
of the dogs reported to have shown aggression toward people had
bitten someone and broken skin. About two-thirds of those dogs had
bitten up to three times, but the remaining dogs (36%) had bitten four

frontiersin.org


https://doi.org/10.3389/fvets.2024.1387076
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Hitchcock et al.

10.3389/fvets.2024.1387076

TABLE 4 Types of wounds inflicted in skin-breaking bites to dogs or other animals.

Injury type Count Percent
1-4 small punctures from a single bite. 174 294
1-3 small tears or lacerations (up to %2 inch). 85 14.4
Tears or lacerations greater than ¥ inch, or fatty tissue, muscle, etc. exposed. 84 143
5-8 punctures from the same incident 70 11.8
More than 3 tears or lacerations from multiple bites in the same incident 58 9.8
Killed the other animal 30 5.1
Crushing injuries or broken bones 24 4.1
9-15 punctures from the same incident 20 34
Wounded the other animal badly enough for the animal to require euthanasia 18 3.0
Other 13 22
16+ punctures from the same incident 13 2.2
I do not know 3 0.5

Response count=592.

or more times. While the number of bites alone is a strong indicator
for overall behavioral concerns, the severity of the bites might also
greatly influence potential euthanasia decisions. While many
participants indicated that their dog had inflicted at least one minor
bite of one to four small punctures, a substantial portion of responses
indicated more severe bites (including those involving many punctures
or large tears or lacerations, and those requiring extensive medical
treatment). These suggest a heightened public safety risk and impacts
on individuals and communities by way of injuries and medical
expenses (28, 80). These findings are also consistent with previous
research indicating that a history of bites, particularly severe bites, was
a significant risk factor for behavioral euthanasia (52, 53).

Aside from human-directed aggression, aggression toward other
animals was selected second overall to aggression toward people.
Aggression toward other dogs was selected significantly more often
than aggression toward non-dog animals. Aggression toward other
dogs living in the same household was slightly more frequently
reported than toward unfamiliar dogs (31% vs. 28%). However, when
participants indicated that their dog only aggressed toward one type
of target, other dogs in the home were the sole target more than twice
as often as unfamiliar dogs (66% vs. 27%). This might be because
dogs living in multi-dog households have more opportunity for
intraspecific conflict than those that only encounter other dogs
outside the home. This highlights the crucial need for a dog to safely
coexist with humans and other dogs in their living environment, as
there are serious consequences when they do not.

Aggression toward other dogs was reported more than three times
as often as aggression toward other species. Unfamiliar cats, wildlife, and
livestock were never the sole target of dog’s animal-directed aggression
in this survey, and familiar cats living in the home were rarely marked
as the sole target of the dog’s aggression. This might suggest that
aggression toward non-dog animals is considered a less serious problem
behavior and less likely to result in behavioral euthanasia. Aggression
toward non-dog animals is even less likely to result in behavioral
euthanasia if the other animals do not share the same household.

For dogs whose owners reported that they displayed aggression
toward other animals, a majority of them had bitten another animal
and broken skin at least once. Of the dogs who had caused injury to
another animal, a significant percentage had done so multiple times
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(80.9%) and 10.9% had killed or fatally wounded the other animal in
one or more incidents. This suggests that owners typically managed
and/or sought to resolve this problematic behavior over extended
periods of time and after damaging incidents, instead of hastily
considering behavioral euthanasia decisions.

Predictability and the presence of warning signals are both
considered prognostic factors for aggression risk, and may be useful
in evaluating risk of behavioral euthanasia, but have not been
objectively assessed (81, 82). Respondents indicated more confidence
in predicting the situation or event that could trigger their dog’s
aggression than in identifying behaviors that serve as precursors to
aggression (e.g., warning signals) in the moment, although
participants ranged from “always” to “never” in both predicting
aggressive incidents and identifying warning signals. This supports
recent work showing that misinterpreting dog behavior can contribute
to increased incidents of aggression toward people (83). However, over
one-third of respondents indicated being able to predict aggressive
incidents most or all of the time, indicating that even with long-term,
known aggression issues, perceived predictability of aggression is not
enough to prevent behavioral euthanasia for aggression.

Experiencing more than one problem behavior was commonly
reported by owners that euthanized a dog for behavior. A large
percentage of respondents (80.3%) selected and ranked up to three
separate problem behaviors as contributing to their behavioral
euthanasia decision for their dog. The data indicate that owners
commonly face more than one problem behavior. The most frequently
reported comorbidities were aggression toward people and aggression
toward other animals. Other studies have also found that many
owners reported comorbid behavior problems (23, 24, 48, 84).

Non-aggressive problem behavior (s) were also selected as
comorbid factors influencing a behavioral euthanasia decision.
Non-aggressive behaviors were most likely to be in combination with
aggressive behavior toward humans or other animals, and listed as the
second or third behavioral factor contributing to a euthanasia
decision. The prominence of aggression over non-aggressive behaviors
emphasizes that problem behaviors that increase risk to others,
especially risk to humans, are overwhelmingly more influential in
behavioral euthanasia decisions than problem behaviors that only
pose welfare concerns for the individual dog. This conflicts with
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recommendations from professionals to consider poor behavioral
quality of life as a reason for euthanasia (58, 85).

The results from the Behavioral Euthanasia in Pet Dogs survey
indicate that behavioral euthanasia can occur at any age during a dog’s
life. Previous studies of behavioral euthanasia have focused on dogs up
to 3years of age (43, 49, 55). However, results from our survey indicated
that behavioral euthanasia is not limited to young dogs and can occur
in dogs of all ages, from puppies to senior dogs. Additional research is
required to understand how factors such as age-related issues or
physical or cognitive decline may complicate the ability to manage
problem behavior. In the future, researchers exploring behavioral
euthanasia should expand their samples to include dogs of all ages.

Finally, most dogs in the sample population lived in their homes
for at least 1year or more, displayed problem behavior (s) for over
1 year, and were involved in multiple aggressive incidents resulting in
injury prior to owners electing behavioral euthanasia, indicating that
owners made these decisions over time and with extensive
consideration for safety.

4.1 Limitations and future directions

The Behavioral Euthanasia in Pet Dogs questionnaire was
designed to collect data from owners of dogs that were euthanized due
to behavior concerns. While the sample used a limited time frame for
the euthanasia, recall bias still impacts the retrospective data. Future
research should be conducted to assess the reliability and validity of
the survey instrument. Additional research could address the recall
bias limitation by working with veterinary clinics to provide the
survey to owners nearer to the time of behavioral euthanasia rather
than retrospectively.

Additionally, the mode of recruitment might have produced a
biased sample. The online survey distribution restricted potential
respondents to those who had internet access via computer or mobile
phone. Researchers chose to recruit a purposive, self-selecting sample
of respondents to begin exploring this topic, which may have resulted
in a highly motivated sample that was primarily white, female, and
highly educated. This bias could be mitigated with future research, for
example in-depth interviews of behavior professionals and quantitative
study of the prevalence of behavioral euthanasia in veterinary clinics.

However, dog ownership, human-animal relationships, and
perceptions of dogs varies greatly by geography, culture, religion, and
other societal factors (86-90). Cross-cultural research would uncover
similarities and differences in the non-behavioral factors influencing
behavioral euthanasia decisions across cultures. Factors like housing,
source of the dog, access to animal behavior professionals,
implementation of treatment interventions, and non-behavioral
factors may also contribute to a behavioral euthanasia decision and
should be considered for analysis in future studies.

This paper only addresses behavioral euthanasia in pet dogs;
future research should also focus on other species, allowing for
comparisons of behavioral euthanasia decisions across those species.
Additionally, evaluating the impact of environments (e.g., animals in
shelters, foster homes, or even in laboratories), and other life course
factors (e.g., owner parental status or life changes such as deaths in the
household or moving to a new home) on behavioral euthanasia
decisions would help investigate the multifactorial nature of this issue.
Future research using in-depth interviews of owners who made the
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decision to euthanize will help provide clarity and detail about the
influence of living situation and non-behavioral factors on behavioral
euthanasia decisions.

Research into behavioral euthanasia is understandably
challenging. Assessing the incidence, prevalence, change over time,
geography, or other factors of behavioral euthanasia in animals is
difficult to explore given the lack of centralized reporting of causes of
death for the veterinary field similar to reporting in the sheltering
industry (e.g., Shelter Animals Count) or vital records (e.g., death
certificates for humans) that provides a means to identifying when and
why animals were euthanized for behavior (39, 91, 92). With some
previous studies estimating that behavior could be the reason for up
to one third of all euthanasia in dogs ages three and under, this topic
should be further studied in detail (43, 55).

The current study focused on problem behaviors in pet dogs that
contribute to the behavioral euthanasia decision by pet dog owners.
Research focused on the human experience of the behavioral
euthanasia decision process and the impact on the lives and mental
health of the remaining family and owner, and the social stigma
experienced by humans who made behavioral euthanasia decisions
could result in de-stigmatizing this topic and increase the availability
of psychosocial support for those grieving after experiencing a
behavioral euthanasia (93). Both quantitative surveys and in-depth
interviews can help better understand the emotional impacts of
behavioral euthanasia on owners, caregivers, and professionals (such
as shelter workers, trainers, and veterinarians).

This study is not generalizable to all behavioral euthanasia
decisions for pet dogs. Results indicate that multiple factors might
contribute to a behavioral euthanasia decision; therefore, individual
criteria should not be interpreted to predict behavioral euthanasia
decisions for individual pet dogs. Rather, as an exploratory survey, it
was intended to uncover insights about a little-researched topic to
drive future research design. Future research could look for matched
cohorts of dogs with the same problem behavior or combinations
thereof that were not euthanized to understand non-behavioral factors
that influence behavioral euthanasia decisions.

Additional data from the Behavioral Euthanasia in Pet Dogs
Questionnaire could be analyzed to provide insights into the
interventions or treatment options pursued by owners prior to behavioral
euthanasia, as well as commonalities in factors like housing, source of the
dog, and non-behavioral factors that led to the euthanasia decision.

5 Conclusion

The Behavioral Euthanasia in Pet Dogs survey is the first
exploratory project seeking to understand how problem behaviors in
dogs are associated with an owner’s decision to euthanize their dog for
behavior concerns. Aggression toward people, followed by aggression
toward other animals are the main drivers of behavioral euthanasia in
this sample. Safety risks to our own species and to those of any species
living in the same household as the dogs who were euthanized were
paramount in the decision process. Understanding the behavioral
factors that contribute to behavioral euthanasia decisions by owners
can help direct additional resources toward successful problem
behavior interventions. Improving public education on dog behavior
has the potential to strengthen the bond between humans and
animals, enhance the quality of life for both, and reduce safety risks in
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households and communities with multiple species. This, in turn,
could lead to a decrease in behavioral euthanasia for pet dogs.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: Virginia Tech Data Repository at https://
doi.org/10.7294/25222304.

Ethics statement

The studies involving humans were approved by Virginia Tech
Institutional Review Board. The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study.

Author contributions

Data
Methodology, Project administration, Writing - original draft,

MH: Conceptualization, curation, Investigation,
Writing - review & editing. MW: Conceptualization, Methodology,
Supervision, Writing - original draft, Writing - review & editing. AG:
Data curation, Formal analysis, Visualization, Writing — review &
editing. AR: Conceptualization, Methodology, Supervision, Writing
- review & editing. EF: Conceptualization, Methodology, Supervision,

Writing - review & editing.

Funding

The author (s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. APPA. (2023). Pet industry market size, trends & ownership statistics. Available at:
https://www.americanpetproducts.org/press_industrytrends.asp

2. American Veterinary Medical Association. (2022). 2022 AVMA pet ownership and
demographics  sourcebook.  Available at:  https://ebusiness.avma.org/files/
ProductDownloads/eco-pet-demographic-report-22-low-res.pdf

3. American Veterinary Medical Association. AVMA pet ownership and demographics
sourcebook: 2017-2018 edition. (2019).

4. Laurent-Simpson A. Just like family: How companion animals joined the household.
New York, US: NYU Press (2021).

5. Megna M. (2023). Pet ownership statistics 2023. Forbes Advisor. Available at:
https://www.forbes.com/advisor/pet-insurance/pet-ownership-statistics/#sources_
section

6. Applebaum JW, Tomlinson CA, Matijczak A, McDonald SE, Zsembik BA. The
concerns, difficulties, and stressors of caring for pets during COVID-19: results from a
large survey of US pet owners. Animals. (2020) 10:1882. doi: 10.3390/ani10101882

7. McConnell AR, Brown CM, Shoda TM, Stayton LE, Martin CE. Friends with
benefits: on the positive consequences of pet ownership. J Pers Soc Psychol. (2011)
101:1239-52. doi: 10.1037/a0024506

8. Adams GJ, Clark WT. The prevalence of behavioural problems in domestic dogs; a
survey of 105 dog owners. Aust Vet Pract. (1989) 19:135-137.

9. Campbell WE. The prevalence of behavioral problems in American dogs. Mod Vet
Pract. (1986) 67:28-31.

Frontiers in Veterinary Science

11

10.3389/fvets.2024.1387076

Acknowledgments

The authors would like to thank the following individuals (in no
particular order) for their contributions and expertise in designing the
Behavioral Euthanasia in Pet Dogs Questionnaire and editing this
manuscript: Trish McMillan, Sue Alexander, James Serpell, Lauren
Powell, Carlo Siracusa, Liz Hare, Jessica Hekman, Michael Shikashio,
James Crosby, Malena DeMartini, Moira Hechenleitner, Amy Pike,
Chris Pachel, Lore Haug, Krista Sirois, Sarah Bond, Juliana DeWillems,
Kristen-Lee Thanawala, Sawyer Butterfield, Tegan MacDonald,
Tiffany Score, Jessica Harder-Leeson, Ana Sofia Goncalves Costa,
Eduardo Fernandez, Emily Mason, Marshall Whitmire, Eileen
Anderson, Bob Cohen, and Lauren Tsao.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1387076/
full#supplementary-material

10. Chung TH, Park C, Kwon YM, Yeon SC. Prevalence of canine behavior problems
related to dog-human relationship in South Korea-a pilot study. J Vet Behav: Clinical
Applications and Res. (2016) 11:26-30. doi: 10.1016/j.jveb.2015.10.003

11. Didehban N, Pourmahdi Borujeni M, Avizeh R, Mosallanejad B. Problematic
behaviors in companion dogs: a survey of their prevalence and associated factors. J Vet
Behav. (2020) 39:6-13. doi: 10.1016/j.jveb.2020.06.003

12. Martinez AG, Santamarina Pernas G, Diéguez Casalta FJ, Sudrez Rey ML, De la
Cruz Palomino LE Risk factors associated with behavioral problems in dogs. J Vet Behav:
Clinical Applications and Res. (2011) 6:225-31. doi: 10.1016/j.jveb.2011.01.006

13. Salonen M, Sulkama S, Mikkola S, Puurunen J, Hakanen E, Tiira K, et al.
Prevalence, comorbidity, and breed differences in canine anxiety in 13,700 Finnish pet
dogs. Sci Rep. (2020) 10:2962. doi: 10.1038/s41598-020-59837-z

14. Voith VL. Attachment of people to companion animals. Vet Clin North Am Small
Anim Pract. (1985) 15:289-95. doi: 10.1016/S0195-5616(85)50301-0

15. Wells DL, Hepper PG. Prevalence of behaviour problems reported by owners of
dogs purchased from an animal rescue shelter. Appl Anim Behav Sci. (2000) 69:55-65.
doi: 10.1016/S0168-1591(00)00118-0

16. Yang J, Langford E, Kiddie J. Risk factors for aggressive behaviour in domestic dogs
(Canis familiaris), as reported by owners in mainland China. Appl Anim Behav Sci.
(2021) 234:105211. doi: 10.1016/j.applanim.2020.105211

17.Anderson KH, Yao Y, Perry PJ, Albright JD, Houpt KA. Case
distribution, sources, and breeds of dogs presenting to a veterinary behavior Clinic

frontiersin.org


https://doi.org/10.3389/fvets.2024.1387076
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.7294/25222304
https://doi.org/10.7294/25222304
https://www.frontiersin.org/articles/10.3389/fvets.2024.1387076/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1387076/full#supplementary-material
https://www.americanpetproducts.org/press_industrytrends.asp
https://ebusiness.avma.org/files/ProductDownloads/eco-pet-demographic-report-22-low-res.pdf
https://ebusiness.avma.org/files/ProductDownloads/eco-pet-demographic-report-22-low-res.pdf
https://www.forbes.com/advisor/pet-insurance/pet-ownership-statistics/#sources_section
https://www.forbes.com/advisor/pet-insurance/pet-ownership-statistics/#sources_section
https://doi.org/10.3390/ani10101882
https://doi.org/10.1037/a0024506
https://doi.org/10.1016/j.jveb.2015.10.003
https://doi.org/10.1016/j.jveb.2020.06.003
https://doi.org/10.1016/j.jveb.2011.01.006
https://doi.org/10.1038/s41598-020-59837-z
https://doi.org/10.1016/S0195-5616(85)50301-0
https://doi.org/10.1016/S0168-1591(00)00118-0
https://doi.org/10.1016/j.applanim.2020.105211

Hitchcock et al.

in the United States from 1997 to 2017. Animals. (2022) 12:576. doi: 10.3390/
anil2050576

18. Mills DS. Medical paradigms for the study of problem behaviour: a critical review.
Appl Anim Behav Sci. (2003) 81:265-77. doi: 10.1016/S0168-1591(02)00286-1

19. Ramos D, Reche-Junior A, Henzel M, Mills DS. Canine behaviour problems in
Brazil: a review of 180 referral cases. Vet Rec. (2020) 186:€22. doi: 10.1136/vr.105539

20. Stelow E. Diagnosing behavior problems: a guide for practitioners. Vet Clin North
Am Small Anim Pract. (2018) 48:3. doi: 10.1016/j.cvsm.2017.12.003

21. Guy NG, Luescher UA, Dohoo SE, Spangler E, Miller JB, Dohoo IR, et al. A case
series of biting dogs: characteristics of the dogs, their behaviour, and their victims. Appl
Anim Behav Sci. (2001) 74:43-57. doi: 10.1016/S0168-1591(01)00155-1

22.Guy NC, Luescher UA, Dohoo SE, Spangler E, Miller JB, Dohoo IR, et al.
Demographic and aggressive characteristics of dogs in a general veterinary caseload.
Appl Anim Behav Sci. (2001) 74:15-28. doi: 10.1016/S0168-1591(01)00153-8

23. Bamberger M, Houpt KA. Signalment factors, comorbidity, and trends in behavior
diagnoses in dogs: 1, 644 cases (1991-2001). ] Am Vet Med Assoc. (2006) 229:1591-601.
doi: 10.2460/javma.229.10.1591

24. Borchelt PL. Aggressive behavior of dogs kept as companion animals: classification
and influence of sex, reproductive status and breed. Appl Anim Ethol. (1983) 10:45-61.
doi: 10.1016/0304-3762(83)90111-6

25. Luescher AU, Reisner IR. Canine aggression toward familiar people: a New look
at an old problem. Vet clinics of North America-Small Animal Prac. (2008) 38:008. doi:
10.1016/j.cvsm.2008.04.008

26. Takeuchi Y, Ogata N, Houpt KA, Scarlett JM. Differences in background and
outcome of three behavior problems of dogs. Appl Anim Behav Sci. (2001) 70:297-308.
doi: 10.1016/S0168-1591(00)00156-8

27. Bennett PC, Rohlf VI. Owner-companion dog interactions: relationships between
demographic variables, potentially problematic behaviours, training engagement and
shared activities. Appl Anim Behav Sci. (2007) 102:65-84. doi: 10.1016/j.
applanim.2006.03.009

28. Blackshaw JK. An overview of types of aggressive behaviour in dogs and methods
of treatment. Appl Anim Behav Sci. (1991) 30:351-61. doi: 10.1016/0168-1591(91)90140-
S

29. Brown CR, Edwards S, Kenney E, Pailler S, Albino M, Carabello M, et al. Family
quality of life: pet owners and veterinarians working together to reach the best outcomes.
J Am Vet Med Assoc. (2023) 261:1-6. doi: 10.2460/javma.23.01.0016

30. Buller K, Ballantyne KC. Living with and loving a pet with behavioral problems:
pet owners’ experiences. ] Vet Behav. (2020) 37:41-7. doi: 10.1016/j.jveb.2020.04.003

31. Houpt KA, Honig SU, Reisner IR. Breaking the human-companion animal bond.
J Am Vet Med Assoc. (1996) 208:1653-9. doi: 10.2460/javma.1996.208.10.1653

32. Kuntz K, Ballantyne KC, Cousins E, Spitznagel MB. Assessment of caregiver
burden in owners of dogs with behavioral problems and factors related to its presence.
J Vet Behav. (2023) 64-65:41-6. doi: 10.1016/j.jveb.2023.05.006

33. Loder RT. The demographics of dog bites in the United States. Heliyon. (2019)
5:¢01360. doi: 10.1016/J.HELIYON.2019.E01360

34. Shaw JK, Lahrman S. The human-animal bond-a brief look at its richness and
complexities In: Canine and feline behavior for veterinary technicians and nurses. Eds. JK
Shaw and D Martin. John Wiley & Sons, Inc. (2023) 88-105.

35. Weiss E, Slater M, Garrison L, Drain N, Dolan E, Scarlett JM, et al. Large dog
relinquishment to two municipal facilities in New York city and Washington, D.C.:
identifying targets for intervention. Animals. (2014) 4:409-33. doi: 10.3390/ani4030409

36. Matte A, Khosa D, Coe ], Meehan M. Impacts of the process and decision-making
around companion animal euthanasia on veterinary wellbeing. Vet Rec. (2019) 185:480.
doi: 10.1136/vr.105540

37.Coe ]B, Young I, Lambert K, Dysart L, Nogueira Borden L, Rajic' A. A scoping
review of published research on the relinquishment of companion animals. ] Appl Anim
Welf Sci. (2014) 17:253-73. doi: 10.1080/10888705.2014.899910

38. Landsberg GM. The distribution of canine behaviour cases at three behaviour
referral practices. Vet Med. (1991) 86:1011-1018.

39. Shelter Animals Count. (2019). Animal sheltering statistics 2019. Available at:
https://shelteranimalscount.s3.us-east-2.amazonaws.com/Shelter_Animals_
Count_2019_Animal_Sheltering_Statistics_7eftbd5960.pdf

40. Hawes SM, Kerrigan JM, Hupe T, Morris KN. Factors informing the return of
adopted dogs and cats to an animal shelter. Animals. (2020) 10:1573. doi: 10.3390/
anil0091573

41. Grigg EK, Donaldson TMC. Helping clients cope with grief associated with
euthanasia for behavior problems In: Pet loss, grief, and therapeutic interventions:
Practitioners navigating the human-animal bond. Eds. L Kogan and P Erdman. New
York, US: Routledge (2019).

42. Pugliese M, Falcone A, Alibrandi A, Zirilli A, Passantino A. Risk factors regarding
dog euthanasia and causes of death at a veterinary teaching hospital in Italy: preliminary
results. Vet Sci. (2022) 9:554. doi: 10.3390/vetsci9100554

43. Boyd C, Jarvis S, McGreevy PD, Heath S, Church DB, Brodbelt DC, et al. Mortality
resulting from undesirable behaviours in dogs aged under three years attending

Frontiers in Veterinary Science

12

10.3389/fvets.2024.1387076

primary-care veterinary practices in England. Anim Welf. (2018) 27:251-62. doi:
10.7120/09627286.27.3.251

44. Col R, Day C, Phillips CJC. An epidemiological analysis of dog behavior problems
presented to an Australian behavior clinic, with associated risk factors. J Vet Behav:
Clinical Applications and Res. (2016) 15:1-11. doi: 10.1016/j.jveb.2016.07.001

45. Edney ATB. Reasons for the euthanasia of dogs and cats. Vet Rec. (1998) 143:114.
doi: 10.1136/vr.143.4.114

46. Gorodetsky E. Epidemiology of dog and cat euthanasia across Canadian prairie
provinces. Canadian Vet ] La Revue Vétérinaire Canadienne. (1997) 38:649-52.

47.Kass PH, New JC, Scarlett JM, Salman MD. Understanding animal companion
surplus in the United States: relinquishment of nonadoptables to animal shelters. ] Appl
Anim Welf Sci. (2001) 4:237-48. doi: 10.1207/S15327604JAWS0404_01

48.Lund JD, Agger JE, Vestergaard KS. Reported behaviour problems in pet dogs in
Denmark: age distribution and influence of breed and gender. Prev Vet Med. (1996)
28:33-48. doi: 10.1016/0167-5877(96)01015-X

49. O'Neill DG, Church DB, McGreevy PD, Thomson PC, Brodbelt DC. Longevity
and mortality of owned dogs in England. Vet J. (2013) 198:638-43. doi: 10.1016/j.
tvjl.2013.09.020

50. Patronek GJ, Dodman NH. Attitudes, procedures, and delivery of behavior
services by veterinarians in small animal practice. ] Am Vet Med Assoc. (1999)
215:1606-11. doi: 10.2460/javma.1999.215.11.1606

51. Pegram C, Gray C, Packer RMA, Richards Y, Church DB, Brodbelt DC, et al.
Proportion and risk factors for death by euthanasia in dogs in the UK. Sci Rep. (2021)
11:9145. doi: 10.1038/s41598-021-88342-0

52. Reisner IR, Erb HN, Houpt KA. Risk factors for behavior-related euthanasia
among dominant-aggressive dogs: 110 cases (1989-1992). ] Am Vet Med Assoc. (1994)
205:855-63. doi: 10.2460/javma.1994.205.06.855

53. Siracusa C, Provoost L, Reisner IR. Dog- and owner-related risk factors for
consideration of euthanasia or rehoming before a referral behavioral consultation and
for euthanizing or rehoming the dog after the consultation. J Vet Behav: Clinical
Applications and Res. (2017) 22:46-56. doi: 10.1016/j.jveb.2017.09.007

54. Stead AC. Euthanasia in the dog and cat. ] Small Anim Pract. (1982) 23:37-43. doi:
10.1111/j.1748-5827.1982.tb01633.x

55. Yu Y, Wilson B, Masters S, van Rooy D, McGreevy PD. Mortality resulting from
undesirable behaviours in dogs aged three years under attending primary-care
veterinary practices in Australia. Animals. (2021) 11:493. doi: 10.3390/ani11020493

56. De Marinis A. (2022). What are the options for dogs with aggression? Available at:
https://aggressivedog.com/2022/07/12/what-are-the-options-for-dogs-with-aggression/

57. DeGioia P. (2013). Euthanizing aggressive dogs: Sometimes It’s the best choice.
VetzInsight. Available at: https://www.vin.com/vetzinsight/default.aspx?pid=756&id=
5912453

58. Gibeault S. When to consider behavioral euthanasia American Kennel Club (2021).

59. Lilly M. L. (2020). CEU event: behavioral euthanasia: considerations for when and
how (#209). Ohio veterinary medical association. Available at: https://www.ccpdt.org/
certification/continuing-education/events/16088

60. Marrs M. (2021). Euthanizing an aggressive dog and dealing with the guilt: How to move
forward. Available at: https://www.k9ofmine.com/euthanizing-aggressive-dog-guilt/

61. Rayment D. (2020). Making the impossible choice

siscomiyagi.com/2020/10/02/making-the-impossible-choice/

.... Available at: https://

62. Stremming S. (2017). We need to talk about behavioral euthanasia. Available at:
https://thecognitivecanine.com/blog/we-need-to-talk-about-behavioral-euthanasia/

63. Summerfield J. (2017). Harsh truths and difficult choices: The reality of behavioral
euthanasia. Available at: http://www.drjensdogblog.com/harsh-truths-and-difficult-
choices-the-reality-of-behavioral-euthanasia/

64. Thomas K. (2020). Euthanasia for behavior, part two: How do you decide?
Available at: https://k9turbotraining.com/euthanasia-for-behavior-part-two-how-do-
you-decide/

65. Walker M. (2020). Two words: Behavioral euthanasia. Medium. Available at:
https://medium.com/@doggydivas71/two-words-behavioral-euthanasia-37da8{7cbbc0

66. Jacob ME, Ganguli M. Epidemiology for the clinical neurologist. Handb Clin
Neurol. (2016) 138:3-16. doi: 10.1016/B978-0-12-802973-2.00001-X

67. Creevy KE, Akey JM, Kaeberlein M, Promislow DEL, Barnett BG, Benton B, et al.
An open science study of ageing in companion dogs. Nature. (2022) 602:51-7. doi:
10.1038/541586-021-04282-9

68. U.S. Census Bureau. (2020). 2020 Census Informational Questionnaire. Available at:
https://www2.census.gov/programs-surveys/decennial/2020/technical-documentation/
questionnaires-and-instructions/questionnaires/2020-informational-questionnaire-
english_DI-Q1.pdf

69. SAS Institute Inc. ]MP® pro software SAS Institute Inc. (2021).

70.R Core Team. R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing (2023).

71. Wickham H. ggplot2: Elegant graphics for data analysis. New York: Springer-Verlag
(2016).

frontiersin.org


https://doi.org/10.3389/fvets.2024.1387076
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3390/ani12050576
https://doi.org/10.3390/ani12050576
https://doi.org/10.1016/S0168-1591(02)00286-1
https://doi.org/10.1136/vr.105539
https://doi.org/10.1016/j.cvsm.2017.12.003
https://doi.org/10.1016/S0168-1591(01)00155-1
https://doi.org/10.1016/S0168-1591(01)00153-8
https://doi.org/10.2460/javma.229.10.1591
https://doi.org/10.1016/0304-3762(83)90111-6
https://doi.org/10.1016/j.cvsm.2008.04.008
https://doi.org/10.1016/S0168-1591(00)00156-8
https://doi.org/10.1016/j.applanim.2006.03.009
https://doi.org/10.1016/j.applanim.2006.03.009
https://doi.org/10.1016/0168-1591(91)90140-S
https://doi.org/10.1016/0168-1591(91)90140-S
https://doi.org/10.2460/javma.23.01.0016
https://doi.org/10.1016/j.jveb.2020.04.003
https://doi.org/10.2460/javma.1996.208.10.1653
https://doi.org/10.1016/j.jveb.2023.05.006
https://doi.org/10.1016/J.HELIYON.2019.E01360
https://doi.org/10.3390/ani4030409
https://doi.org/10.1136/vr.105540
https://doi.org/10.1080/10888705.2014.899910
https://shelteranimalscount.s3.us-east-2.amazonaws.com/Shelter_Animals_Count_2019_Animal_Sheltering_Statistics_7effbd5960.pdf
https://shelteranimalscount.s3.us-east-2.amazonaws.com/Shelter_Animals_Count_2019_Animal_Sheltering_Statistics_7effbd5960.pdf
https://doi.org/10.3390/ani10091573
https://doi.org/10.3390/ani10091573
https://doi.org/10.3390/vetsci9100554
https://doi.org/10.7120/09627286.27.3.251
https://doi.org/10.1016/j.jveb.2016.07.001
https://doi.org/10.1136/vr.143.4.114
https://doi.org/10.1207/S15327604JAWS0404_01
https://doi.org/10.1016/0167-5877(96)01015-X
https://doi.org/10.1016/j.tvjl.2013.09.020
https://doi.org/10.1016/j.tvjl.2013.09.020
https://doi.org/10.2460/javma.1999.215.11.1606
https://doi.org/10.1038/s41598-021-88342-0
https://doi.org/10.2460/javma.1994.205.06.855
https://doi.org/10.1016/j.jveb.2017.09.007
https://doi.org/10.1111/j.1748-5827.1982.tb01633.x
https://doi.org/10.3390/ani11020493
https://aggressivedog.com/2022/07/12/what-are-the-options-for-dogs-with-aggression/
https://www.vin.com/vetzinsight/default.aspx?pid=756&id=5912453
https://www.vin.com/vetzinsight/default.aspx?pid=756&id=5912453
https://www.ccpdt.org/certification/continuing-education/events/16088
https://www.ccpdt.org/certification/continuing-education/events/16088
https://www.k9ofmine.com/euthanizing-aggressive-dog-guilt/
https://siscomiyagi.com/2020/10/02/making-the-impossible-choice/
https://siscomiyagi.com/2020/10/02/making-the-impossible-choice/
https://thecognitivecanine.com/blog/we-need-to-talk-about-behavioral-euthanasia/
http://www.drjensdogblog.com/harsh-truths-and-difficult-choices-the-reality-of-behavioral-euthanasia/
http://www.drjensdogblog.com/harsh-truths-and-difficult-choices-the-reality-of-behavioral-euthanasia/
https://k9turbotraining.com/euthanasia-for-behavior-part-two-how-do-you-decide/
https://k9turbotraining.com/euthanasia-for-behavior-part-two-how-do-you-decide/
https://medium.com/@doggydivas71/two-words-behavioral-euthanasia-37da8f7cbbc0
https://doi.org/10.1016/B978-0-12-802973-2.00001-X
https://doi.org/10.1038/s41586-021-04282-9
https://www2.census.gov/programs-surveys/decennial/2020/technical-documentation/questionnaires-and-instructions/questionnaires/2020-informational-questionnaire-english_DI-Q1.pdf
https://www2.census.gov/programs-surveys/decennial/2020/technical-documentation/questionnaires-and-instructions/questionnaires/2020-informational-questionnaire-english_DI-Q1.pdf
https://www2.census.gov/programs-surveys/decennial/2020/technical-documentation/questionnaires-and-instructions/questionnaires/2020-informational-questionnaire-english_DI-Q1.pdf

Hitchcock et al.

72.Xu S, Chen M, Feng T, Zhan L, Zhou L, Yu G. Use ggbreak to effectively utilize
plotting space to deal with large datasets and outliers. Front Genet. (2021) 12. doi:
10.3389/fgene.2021.774846

73. Petukhov V., van den Brand T., Biederstedt E. (2023). ggrastr: Rasterize Layers for
'ggplot2'. R package V 1.0.2. Available at: https://CRAN.R-project.org/package=ggrastr

74. Pedersen T. (2023). Patchwork: The composer of plots. R package V 1.1.3. Available
at: https://rdrr.io/cran/patchwork/.

75. Lee TS, Creech TG, Martinson A, Nielsen SE, Jakes AF, Jones PF, et al. Prioritizing

human safety and multispecies connectivity across a regional road network.
Conservation Sci Prac. (2021) 3. doi: 10.1111/csp2.327

76. Petrinovich L, O’Neill P, Jorgensen M. An empirical study of moral intuitions: toward
an evolutionary ethics. ] Pers Soc Psychol. (1993) 64:467-78. doi: 10.1037/0022-3514.64.3.467

77. Grigg EK. Helping clients facing behavior problems in their companion animals
In: Clinician’s guide to treating companion animal issues. Eds. L Kogan and C Blazina.
London, UK: Academic Press. (2019).

78. Fein J, Bogumil D, Upperman JS, Burke RV. Pediatric dog bites: a population-based
profile. Inj Prev. (2019) 25:290-4. doi: 10.1136/injuryprev-2017-042621

79. Jakeman M, Oxley JA, Owczarczak-Garstecka SC, Westgarth C. Pet dog bites in
children: management and prevention. BMJ Paediatrics open. (2020) 4:726. doi: 10.1136/
bmjpo-2020-000726

80. Weiss HB, Friedman DI, Coben JH. Incidence of dog bite injuries treated in
emergency departments. JAMA ] Am Med Assoc. (1998) 279:51-3. doi: 10.1001/
jama.279.1.51

81. Haug L. (2011). Treat or euthanize? Putting it all together: prognostic indicators.
DVM 360. Available at: https://www.dvm 360.com/view/treat-or-euthanize-putting-it-
all-together-prognostic-indicators

82. Haug L. (2011). Treat or euthanize? Helping owners make critical decisions regarding
pets with behavior problems. DVM 360. Available at: https://www.dvim 360.com/view/treat-
or-euthanize-helping-owners-make-critical-decisions-regarding-pets-with-behavior-problems

Frontiers in Veterinary Science

13

10.3389/fvets.2024.1387076

83. Parkinson C, Herring L, Gould D. Public perceptions of dangerous dogs and dog risk
Edge Hill University (2023).

84. Wright JC, Nesselrote MS. Classification of behavior problems in dogs:
distributions of age, breed, sex and reproductive status. Appl Anim Behav Sci. (1987)
19:169-78. doi: 10.1016/0168-1591(87)90213-9

85. Euthanasia for behavioral issues: A complicated and difficult decision. The Ohio
State University Veterinary Medical Center. (2014). Retrieved December 16, 2022, from
https://www.vet.osu.edu/vmc/sites/default/files/files/companion/HTB/behavioral
euthanasia_printable_2014.pdf

86. Herzog H, Rowan A. Geography, demography, and patterns of pet-keeping: the
case of dogs In: International Society for Anthrozoology (2019)

87. Volsche S, Frailey F, Thara N, Nittono H. Sex and parental status impacts human-
to-pet attachment and caregiving attitudes and behaviors in a Japanese sample.
Anthrozods. (2022) 36:1-13. doi: 10.1080/08927936.2022.2149926

88.Volsche S, Mukherjee R, Rangaswamy M. The difference is in the details:
attachment and cross-species parenting in the United States and India. Anthrozods.
(2022) 35:393-408. doi: 10.1080/08927936.2021.1996026

89. Volsche S, Schultz S, Alsaifi S, Melamies M, Pulkkinen J. Parental status influences
human-to-pet caregiving behaviors, attachment, and attitudes in a Finnish sample.
Human-animal. Dermatol Int. (2023) 11. doi: 10.1079/hai.2023.0019

90. Wan M, Kubinyi E, Miklési A, Champagne E. A cross-cultural comparison of
reports by German shepherd owners in Hungary and the United States of America. Appl
Anim Behav Sci. (2009) 121:206-13. doi: 10.1016/].APPLANIM.2009.09.015

91. Lundquist JH, Anderton DL, Yaukey D. Demography: The study of human
population. Long Grove, Illinois: Waveland Press (2018).

92. Vital Records. (2023). National Archives. Retrieved July 4, 2023, from https://www.
archives.gov/research/vital-records

93.Doka K]J. Disenfranchised grief: an exposition and update In: Readings in
thanatology. Ed. JD Morgan. New York, US: Routledge. (2020). 275-83.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1387076
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2021.774846
https://CRAN.R-project.org/package=ggrastr
https://rdrr.io/cran/patchwork/
https://doi.org/10.1111/csp2.327
https://doi.org/10.1037/0022-3514.64.3.467
https://doi.org/10.1136/injuryprev-2017-042621
https://doi.org/10.1136/bmjpo-2020-000726
https://doi.org/10.1136/bmjpo-2020-000726
https://doi.org/10.1001/jama.279.1.51
https://doi.org/10.1001/jama.279.1.51
https://www.dvm
http://360.com/view/treat-or-euthanize-putting-it-all-together-prognostic-indicators
http://360.com/view/treat-or-euthanize-putting-it-all-together-prognostic-indicators
https://www.dvm
http://360.com/view/treat-or-euthanize-helping-owners-make-critical-decisions-regarding-pets-with-behavior-problems
http://360.com/view/treat-or-euthanize-helping-owners-make-critical-decisions-regarding-pets-with-behavior-problems
https://doi.org/10.1016/0168-1591(87)90213-9
https://www.vet.osu.edu/vmc/sites/default/files/files/companion/HTB/behavioral_euthanasia_printable_2014.pdf
https://www.vet.osu.edu/vmc/sites/default/files/files/companion/HTB/behavioral_euthanasia_printable_2014.pdf
https://doi.org/10.1080/08927936.2022.2149926
https://doi.org/10.1080/08927936.2021.1996026
https://doi.org/10.1079/hai.2023.0019
https://doi.org/10.1016/J.APPLANIM.2009.09.015
https://www.archives.gov/research/vital-records
https://www.archives.gov/research/vital-records

	Factors associated with behavioral euthanasia in pet dogs
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Questionnaire

	3 Results
	3.1 Primary behavior problems that led to euthanasia
	3.2 Time in the home, age, and onset of behavior problems prior to euthanasia
	3.3 Aggression toward people
	3.3.1 Targets
	3.3.2 Predictability and triggers
	3.3.3 Bites and severity
	3.4 Aggression toward dogs or other animals
	3.4.1 Targets
	3.4.2 Triggers
	3.4.3 Bites and severity

	4 Discussion
	4.1 Limitations and future directions

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

