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Abstract

Male dogs are often castrated based on the thought that it facilitates well-behavedness.

However, the causal evidence for this from prospective studies lacks and the existing asso-

ciative studies present mixed results depending on the studied behaviours. We aimed to

gain insight into possible factors driving an owner’s decision to castrate their male dog,

through a quantitative survey based on a convenience sample. We determined the advice

owners received from three types of dog professionals (veterinarian practitioners, beha-

vioural trainers, behavioural therapists) and the owners’ assessments of castration’s beha-

vioural effects. Data on 491 Dutch owners of castrated and intact male dogs were analysed

with Chi-square tests. Results indicate that owners of both castrated and intact dogs

received castration advice most often from veterinarian practitioners, with pro-castration at

higher frequencies for owners of castrated dogs (Chi-square, P<0.001). Overall, most own-

ers disagreed with or were neutral about statements on castration positively affecting male

dog behaviour at a population level. Nevertheless, 58% (N = 145) of the owners of castrated

dogs (N = 249) reported that correcting unwanted behaviour was a reason to castrate their

own male dog. Unwanted behaviour involved aggression in 50% (N = 70) of the owner-dog

dyads. Castrated dog’s aggression changes were reported on most as ‘no change’. The

second most common answer indicated an aggression decrease in dogs castrated to cor-

rect unwanted behaviour and an increase in dogs castrated for other reasons (Chi-square,

P<0.001). The increase in aggression in a subset of castrated dogs is concerning, as

aggression can pose risks to the dog’s welfare. We acknowledge the limitations of our study

which identifies associations rather than provides causal evidence. Still, we recommend

professionals’ awareness of possible negative behavioural changes following castration,

like increased aggression. Future research on behavioural consequences of castrating

dogs needs to build a more solid knowledge base for balanced advice regarding castration.
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1. Introduction

Desexing dogs regards the surgical removal of the testes in males, more commonly known as

castration, or the ovaria in females. Desexing is a common practice in Western societies. Per-

centages of 54% of 431 British dogs [1] and of 78% of 413 Australian dogs [2] illustrate how

the desexing of dogs is common practice, also in regions where dog reproduction is under con-

trol. Dog owners may deem desexing ‘the right thing to do’, as 74% of 1,016 dog owners con-

sidered desexing a practice that their relatives would agree with, 69% reported desexing to be

important and 62% expected favourable outcomes of desexing [3]. Thus, the common belief is

that desexing makes a dog more well-behaved, but convincing causal scientific evidence for

the precise behavioural effects of desexing dogs is presently lacking. This compromises the

quality of the advice to dog owners by dog professionals such as veterinarian practitioners,

behavioural trainers (also known as dog trainers), and behavioural therapists. These dog pro-

fessionals ordinarily provide the science-based information that misses in a dog owner’s cor-

dial social surroundings [4]. Therefore, we aimed to establish why dog owners decide to

castrate their male dog or not and which professional advice, to which avail, is reportedly

received by them. Our findings should contribute to a future understanding of how profes-

sional advice may support carefully weighed decisions by dog owners on the castration of their

dog.

Carefully weighed decisions on castrating dogs are necessary as the scientific information

on the effects of desexing dogs, males in particular, is complex and to date incomplete. Strong

causal evidence on castration affecting a broad range of behaviour is lacking [5, 6]. Castration

of the male dog has been related to reduced inter-male aggression, marking and roaming [7,

8], indicating possible benefits of the procedure. Also, dog bite risk at the population level was

higher for intact than desexed dogs [5]. However, effect sizes ranged across the six reviewed

studies. Moreover, confounders were considered important to better understand desexing

effects on dog behaviour and these confounders regarded for example breed and desexing age,

but also environment, such as dog care practices [5]. The complexity increases by findings of

desexing associating with unwanted behaviours like fear and types of aggression other than

inter-male aggression [9, 10, 11, 12, 13, 14]. The mechanism behind the found associations is

that sex hormones are known to have a muting effect on the stress system [15]. For instance,

men with higher levels of the sex hormone testosterone have lower levels of pain and fear [16],

and for fear this was demonstrated also in male mice [17]. Extrapolation of these findings to

male dogs would mean that castration-induced drops in testosterone levels raises fear levels.

Since fear is a common motivational factor for aggression in dogs [18, 19, 20], an increase in

fear following castration could increase a dog’s aggression. Indeed, in a cross-sectional study

castrated male dogs (N = 16) acted more fearfully and aggressively than intact males (N = 18)

when interacting with each other during behavioural tests [12]. Indefinite study outcomes that

also include female dogs even further complicate the already complex relation between desex-

ing and behaviour. There was no difference in aggression levels between English Cocker Span-

iels that were desexed and intact, at least after excluding dogs that were desexed for reasons of

correcting unwanted behaviours [21]. Also, no evidence for aggression changes in desexed

dogs was found in a large survey-based study on 13,237 to 13,795 dogs [22]. This again after

excluding the dogs that were desexed for reasons of correcting unwanted behaviour and when

considering multiple aggression affecting factors [22]. With this complexity in findings on

desexing and behaviour and the lack of causal evidence [5, 6], how dog owners are advised

becomes of interest. This as there is reason to assume that desexing facilitates aggression in a

subset of dogs. Aggression is a common burdensome unwanted behaviour. It was diagnosed

in 16–72% (depending on the aggression type) of 1,644 dogs included in a retrospective case
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series evaluation of medical records [18] and reported by as many as 36% of 174 South Korean

dog owners [9]. Also, aggression was the main reason for behavioural consultation in a study

population of 140 dogs, of which 129 were desexed [23], and aggression associated with high

perceived costs of dog ownership and with reduced ownership satisfaction [24]. Strongly

reduced ownership satisfaction due to a dog’s unwanted behaviour may ultimately lead to dog

relinquishment [25, 26, 27] or euthanasia [28]. The potential dire consequences of unwanted

behaviour in dogs make it important that the decision to desex an individual dog is carefully

weighed [6]. In this, the advisory role lies logically with professionals such as veterinarian prac-

titioners, behavioural trainers, and behavioural therapists. Today, little is known about which

professionals are consulted on this topic by dog owners, what advice these owners receive and

how their decision to desex their dog relates to their particular opinions on desexing. These

gaps in knowledge underlie the present research and we specifically address the castration of

male dogs. We focus on male dogs because in our sample of dog owner reports the desexing

for reasons of correcting unwanted behaviour involved males (58%, N = 145 of 249) much

more often than females (11%, N = 28 of 258). Desexing may be common in female dogs, like

that 83% of Australian female dogs were desexed versus 74% of males [2], but the decision to

desex to correct unwanted behaviour seems to involve especially males.

In regions where dog reproduction is under control, dog owners should weigh the benefits

and risks of desexing on the basis of balanced and correct information. Dog professionals such

as veterinarian practitioners, behavioural trainers, and behavioural therapists may provide the

advice that owners need, and we aimed to establish possible factors driving dog owners’ deci-

sions to castrate male dogs, including the factors of owner received professional advice, their

opinions on castration and behavioural reasons for castrating male dogs. More insight into

how owners opinion and decide on castrating their male dog can benefit professional advice,

thus allowing owners to make carefully weighed decisions. These decisions ultimately benefit

the dog’s welfare and the owner-dog relationship.

2. Methods

2.1. Web-based survey and participant recruitment

A convenience sample of dog owners filled out an internet survey on the desexing of both

male dogs and female dogs. Survey items were developed by us, as we were unaware of previ-

ous instruments being developed for measuring on the factors of our interest. We pretested

the survey with native speakers for understanding and readability. We then analysed the own-

ers’ reports in particular for how they were advised by dog professionals on the castration of

male dogs, how they opinioned on castration affecting male dog behaviour at a population

level and how owners of castrated dogs evaluated the behavioural effects of castration on their

own dog specifically. Finally, we studied how satisfied owners of castrated and intact dogs

were with having their dog. We targeted dog owners via websites, social media channels and

newsletters directed at dog owners. Once posted through these channels, the survey could be

shared by dog owners and content managers. We are unaware of studies characterizing the

population of Dutch dog owners and could not compare our study sample to information on

this population. By gathering and describing demographic characteristics of our study sample,

we aimed to provide some insight on the participants to our convenience sample. The survey

introduction explained how we considered intact as ‘no modification’ and desexed as ‘surgical

removal of testes or ovaria’. We excluded reports on chemically desexed dogs and focussed on

irreversible surgical desexing. Also, we excluded reports on dogs that were desexed before they

were obtained by their current owner, since such owners had not been involved in the decision

to desex and could not assess the behavioural changes following desexing.
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The survey consisted of a first part and a second part that varied in length, depending on

the dog being intact or desexed (see S1 Appendix for survey items). The first part assessed

characteristics of the owner and dog, being the owner’s gender, education level and age and

the dog’s sex, current age, age at acquisition by the current owner, breed, pedigree, desexing

status, and age at the moment of desexing. Furthermore, owners indicated the percentage of

time that they take care of the dog for which they filled in the survey, and we excluded owners

who indicated that they take care of the dog less than 50% of the time. This part of the survey

also held questions on the owners’ opinion on the behavioural effects of desexing and owners

scored their general dog ownership satisfaction as ‘not at all satisfied’, ‘not very satisfied’,

‘moderately satisfied’, ‘satisfied’ and ‘very satisfied’. Dog ownership satisfaction scores were

skewed towards (very) satisfied and the original five-point scale was expressed binary, with 1

being very satisfied and 0 being less than very satisfied. Owners expressed their opinion on

how desexing affects male dog behaviour at population level, so not the behaviour of their own

dog specifically, by indicating their (dis)agreement with statements on the favourable effects of

desexing. Statements were on the behaviours of aggression, calmness, dog-directed sociality,

dominance, human-directed sociality, mounting, roaming, trainability and urine marking,

and were for instance ‘desexing diminishes aggression in male dogs’ and ‘desexing makes male

dogs calmer’. Participants could answer by selecting ‘strongly disagree’, ‘slightly disagree’,

‘neutral’, ‘slightly agree’ or ‘strongly agree’.

In the second part of the survey, both the owners of intact dogs and desexed dogs reported

whether or not they had received advice from the different dog professionals (i.e. veterinary

practitioners, behavioural trainers, and behavioural therapists) concerning the desexing of

their dog. They reported on received advice as ‘not in favour of desexing’, ‘neutral’ and ‘in

favour of desexing’, which hereafter we refer to as ‘con-castration’, ‘neutral’ and ‘pro-castra-

tion’. Owners of desexed dogs scored reasons for having their dog desexed on a five-point

Likert scale from ‘not relevant as a reason for desexing’ to ‘the main reason for desexing’. The

reason ‘to correct unwanted behaviour’ was analysed in more detail and expressed as a binary

number with 1 meaning the correction of unwanted behaviour had played a role in the deci-

sion to desex, varying from a small role to main reason, and 0 meaning it had not played any

role. Owners who had their dog desexed to correct unwanted behaviour were divided binary

with the number 1 indicating that aggression was a behavioural problem to correct, and 0

meaning it had not played any role. These binary scores were derived from a four-point Likert

scale that ranged from ‘not problematic’ to ‘the main problem to be corrected by desexing’.

The owners who had their dog desexed to correct unwanted behaviour indicated their satisfac-

tion with the behavioural effects of desexing on a scale from ‘completely dissatisfied’, ‘slightly

dissatisfied’, ‘neutral’, ‘largely satisfied’ to ‘completely satisfied’. Lastly, all owners of desexed

dogs, regardless of their reason for desexing, reported how desexing had changed the preva-

lence of aggression. The original five-point scale of ‘strongly decreased’, ‘slightly decreased’,

‘no change’, ‘slightly increased’ and ‘strongly increased’ was converted to the three-point scale

of ‘decreased’, ‘unchanged’ and ‘increased’ for further analyses.

2.2. Data processing and statistical analyses

From our full sample we excluded the participants who did not indicate their dog’s sex (male

or female) and/or status (desexed or intact) and/or applicability of desexing as correction of

behaviour in their dog and/or taking care of the dog at least 50% of the time. From the remain-

ing sample of 1,006 owner reports we excluded those that involved dogs that were chemically

desexed (N = 46), desexed before acquisition by the current owner (N = 95), or female (desexed

N = 258, intact N = 116). Correcting unwanted behaviour had played a role in the decision to
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desex in only 11% (N = 28) of desexed females, but in the majority of desexed males (58%,

N = 145). Thus, for this study we used the data on 491 male dogs only (castrated N = 249, intact

N = 242; see Fig 1 for subsample details). The group of owners of castrated male dogs subdi-

vided into a group of ‘owners who had their dog castrated to correct unwanted behaviour’

(N = 145) and a group of ‘owners who had their dog castrated for other reasons only’

(N = 104). The online survey allowed that the occasional question was left unanswered and the

precise sample sizes used for analyses are given in the results section.

Based on the lowest subsample size of 104 (performing Chi-square tests of df = 2), the statis-

tical power was 0.79 for detecting at least medium effect sizes of 0.30, while maintaining an α-

level of 0.05. This power was calculated using the Chi-square power calculator of the https://

www.masc.org.au/. We did not set a predetermined sample size but arbitrarily aimed to detect

at least medium effect sizes (
p

(χ2/n)> 0.30). With a statistical power of at least 0.8 [29, 30].

We tested for pairwise differences between the frequency and the nature of advice that was

received from the three types of professionals, and we tested how the frequency and the nature

of this advice differed between reports on castrated and intact dogs. Opinions on the effects of

castration on the behaviour of male dogs at a population level were compared, also between

Fig 1. Subsamples within the sample of 491 owners of male dogs. Dogs were either castrated (N = 249) or intact

(N = 242). For castrated dogs, the owners indicated whether or not correcting unwanted behaviour had played a role in

the decision to castrate, thus we divided the castrated dogs into ‘castrated to correct behaviour’ (N = 145) and

‘castrated for other reasons’ (N = 104).

https://doi.org/10.1371/journal.pone.0234917.g001
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owners of intact and castrated males. Owner perceived changes in dog aggression following

castration were compared between owners who had their dog castrated to correct unwanted

behaviour and owners who had their dog castrated for other reasons. Finally, general satisfac-

tion with dog ownership was compared between owners of intact dogs, owners of dogs that

were castrated to correct unwanted behaviour and owners of dogs that were castrated for other

reasons. All these comparisons were made with Pearson’s Chi-square tests, maintaining a level

of significance of P<0.05 and P-values are reported throughout. Chi-square values and residu-

als and the degrees of freedom for each Chi-square test are presented in S2 Appendix.

2.3. Ethical statement

The online survey’s introduction explained the purpose of the research and the study did not

involve treatments or interventions in the life of participants or their dogs. The survey was not

repeated, meaning it did not interfere significantly with normal daily life, and did not include

questions that were psychologically burdening. This exempts the study from review by our eth-

ics committee, according to the guidelines of Wageningen University Medical Ethics Review

Committee (Medisch Ethische Toetsingscommissie van Wageningen University, METC-WU).

Informed consent was not obtained as participants chose to participate freely via internet and

the purpose of the research was stated at the start of the online survey.

3. Results

3.1. Participants and their male dogs

The participants (N = 491) were selected from the larger sample of 1,006 records as detailed in

the Methods section. Typically, participants were women (89%, N = 433; men: 11%, N = 53)

and over 34 years of age (<35 years: 30%, N = 146; 35–44 years: 17%, N = 84; 45–54 years:

33%, N = 160;>54 years: 21%, N = 101). The majority had completed higher professional edu-

cation (52%, N = 255; vocational education above high school level: 33%, N = 162; below this

level: 15%, N = 73). The majority of the male dogs were obtained by the owner before they

were 10 weeks old (67%, N = 329). The remainder was obtained between 10 weeks and 1-year-

old (24%, N = 116;>1-year-old: 9%, N = 44). Dogs were of various breeds and about half of

them were certified pedigree dogs (54%, N = 262; 46% look-a-like or mixed breed, N = 227).

The majority of dogs was aged between 1 and 8 years old (<1 year: 6%, N = 27; 1–2 years: 15%,

N = 74; 2–4 years: 26%, N = 127; 4–6 years: 20%, N = 99; 6–8 years: 14%, N = 69;>8 years:

19%, N = 94). Reproductive status was near evenly distributed in our sample, with 51%

(N = 249) being castrated (intact, N = 242). Of all castrated dogs, 27% (N = 68) was castrated

before they were 1 year old, 40% (N = 99) was between 1 and 2 years old and 32% (N = 81) was

over 2 years old at the time of castration.

3.2. Professional advice on castrating male dogs

Owners (N = 491) had received professional advice on the castration of their own dog most

often from veterinarian practitioners (72%, N = 347), followed by behavioural trainers (48%,

N = 224) and behavioural therapists (38%, N = 174). All three pairwise differences were signifi-

cant (Chi-square tests, all P-values <0.001; for details see Table A in S2 Appendix). Of all own-

ers who received advice (N = 380), 37% (N = 142) received advice from only one type of

professional, 29% (N = 111) received advice from two types and 33% (N = 127) received advice

from all three types of professionals.

We assessed how professional advice that was received by each individual owner related to

the owner’s decision to castrate their own dog, by comparing the frequency of received
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professional advice between owners of castrated dogs (N = 249) and owners of intact dogs

(N = 242) and this for each type of professional (veterinarian practitioner, behavioural trainer

and behavioural therapist). Owners of castrated dogs more often than owners of intact dogs

received advice from veterinarian practitioners, as opposed to not having been advised by

them (81% versus 63%; P<0.001; Table 1 and for details see Table B in S2 Appendix). This dif-

ference between owners of castrated and intact dogs was not found in advice that was received

from behavioural trainers (P = 0.644) or behavioural therapists (P = 0.709).

In addition to the advice frequency, we assessed the nature of the advice that dog owners

received, in terms of it being con-castration, neutral or pro-castration. Veterinarian practition-

ers had advised in favour of castration most often (44%, N = 171; Chi-square P = 0.005 for vet-

erinarian practitioners versus behavioural trainers; P<0.001 for veterinarian practitioners

versus behavioural therapists; for details see Table C in S2 Appendix), followed by behavioural

trainers (40%, N = 89) and behavioural therapists (32%, N = 55; P = 0.028 for behavioural

trainers versus behavioural therapists).

We then assessed how the nature of professional advice that was received by each individual

owner related to the owner’s decision to castrate their own dog, by comparing the nature of

received professional advice between owners of castrated dogs (N = 249) and owners of intact

dogs (N = 242). We found that owners of castrated dogs more often than owners of intact dogs

received pro-castration advice from all three types of professionals (Chi-square tests, all P-val-

ues<0.001; Table 2 and for details see Table D in S2 Appendix). The percentage of owners of

castrated dogs who had received pro-castration advice from veterinarians was more than two-

fold higher than the percentage of owners of intact dogs who had received this advice, and

more than three-fold higher for advice from behavioural trainers and behavioural therapists.

Table 1. Frequencies of advice on castrating male dogs as received from three types of dog professionals by owners of intact and castrated male dogs.

Owners of intact dogs Owners of castrated dogs

Not advised Advised Total Not advised Advised Total P-value

Veterinarian 38% (N = 90) 63% (N = 150) 240 19% (N = 47) 81% (N = 197) 244 <0.001

Trainer 53% (N = 122) 47% (N = 110) 232 50% (N = 116) 50% (N = 114) 230 0.644

Therapist 63% (N = 147) 37% (N = 86) 233 61% (N = 140) 39% (N = 88) 228 0.709

Advice from dog professionals (veterinarian practitioners, behavioural trainers, and behavioural therapists) on the castration of male dogs was reported by dog owners

(N = 491). We compare percentages of advised versus not advised between owners of intact (N = 242) and castrated (N = 249) male dogs in three Chi-square tests, one

for each type of professional, and thus present P-values per professional. Subsample counts are between brackets and further details are presented in Table B in S2

Appendix.

https://doi.org/10.1371/journal.pone.0234917.t001

Table 2. Nature of advice on castrating male dogs as received from three types of dog professionals by owners of intact and castrated male dogs.

Owners of intact dogs Owners of castrated dogs

Pro Neutral Con Total Pro Neutral Con Total P-value

Veterinarian 29% (N = 44) 36% (N = 54) 35% (N = 52) 150 64% (N = 127) 32% (N = 63) 4% (N = 7) 197 <0.001

Trainer 18% (N = 20) 35% (N = 39) 46% (N = 51) 110 61% (N = 69) 29% (N = 33) 11% (N = 12) 114 <0.001

Therapist 15% (N = 13) 23% (N = 20) 62% (N = 53) 86 48% (N = 42) 32% (N = 28) 20% (N = 18) 88 <0.001

Advice from dog professionals (veterinarian practitioners, behavioural trainers, and behavioural therapists) on the castration of male dogs was reported by dog owners

(N = 491). We compare percentages on the nature of advice being in favour of castration (pro), neutral, or against it (con) between owners of intact (N = 242) and

castrated (N = 249) male dogs in three Chi-square tests, one for each type of professional, and thus present P-values per professional. Subsample counts are between

brackets and further details are presented in Table D in S2 Appendix.

https://doi.org/10.1371/journal.pone.0234917.t002
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3.3. Owners’ opinions on the effects of castration on male dog behaviour at

a population level

The owners of male dogs (N = 491) reported on how they believe castration affects the behav-

iour of male dogs at a population level, so not specifically the behaviour of their own dog, by

rating their (dis)agreement with presumed favourable effects on nine behaviours. We com-

bined their ratings on a five-point scale into the categories of disagreement, neutral and agree-

ment. Owners more often disagreed with the presumed favourable effects of castration (45% of

owners across the nine behaviours) than that they agreed (9%), which was more pronounced

in the group of owners who owned an intact dog (51% disagreed, 8% agreed) than in the

group of owners who owned a castrated dog (38% disagreed, 12% agreed). This difference was

significant for trainability (P = 0.001; Table 3 and for details see Table E in S2 Appendix),

mounting (P = 0.002), aggression (P = 0.005), human-directed sociality (P = 0.013) and dog-

directed sociality (P = 0.018), and there was a trend for calmness (P = 0.052).

3.4. Changes in aggression following castration of the own male dog

Owners of castrated male dogs also reported on changes in their own dog’s behaviour follow-

ing castration and we were interested in changes in aggression. Generally, more than half of

the owners (58%, 145 out of 249) indicated that correction of unwanted behaviour had played

a role in their decision to have their dog castrated, varying from it being a side issue to the

main reason. For half of these owners (70 out of 140; five missing values) the unwanted behav-

iour of aggression was of concern, varying from it being somewhat problematic to the main

problem behaviour to correct. All owners of castrated male dogs, regardless of the reason for

castration, then reported how they evaluated the changes in aggression levels in their dogs

after castration, which we categorized as decreased (strongly or slightly on the original five-

point scale), unchanged or increased (slightly or strongly). This question held a large number

of missing values (29%, N = 72 out of 249). A decrease in aggression after castration was

reported by 32% (N = 56 out of 177) of the participants who answered this question;

unchanged by 51% (N = 90 out of 177) and an increase was reported by 18% (N = 31 out of

177). In more detail, we compared the owners who had their dog castrated for reasons of cor-

recting behaviour and those who had their dog castrated for other reasons. In this comparison,

Table 3. Dog owner opinions on the effects of castration on male dog behaviour at a population level.

Owners of intact dogs Owners of castrated dogs

Disagree Neutral Agree Total Disagree Neutral Agree Total P-value

Trainability 55% (N = 111) 42% (N = 85) 2% (N = 5) 201 40% (N = 61) 50% (N = 77) 10% (N = 15) 153 0.001

Mounting 48% (N = 94) 45% (N = 90) 8% (N = 15) 199 29% (N = 43) 59% (N = 89) 12% (N = 18) 150 0.002

Aggression 57% (N = 112) 40% (N = 80) 3% (N = 6) 198 44% (N = 67) 45% (N = 68) 11% (N = 16) 151 0.005

Socialityhuman 61% (N = 121) 38% (N = 75) 2% (N = 4) 200 45% (N = 69) 50% (N = 76) 5% (N = 7) 152 0.013

Socialitydog 57% (N = 114) 38% (N = 76) 5% (N = 9) 199 44% (N = 67) 46% (N = 71) 10% (N = 15) 153 0.018

Calm 47% (N = 94) 42% (N = 84) 11% (N = 23) 201 36% (N = 56) 46% (N = 72) 18% (N = 29) 157 0.052

Marking 47% (N = 94) 43% (N = 85) 10% (N = 20) 199 37% (N = 56) 49% (N = 74) 14% (N = 22) 152 0.118

Roaming 33% (N = 65) 48% (N = 96) 20% (N = 39) 200 24% (N = 36) 55% (N = 84) 22% (N = 33) 153 0.180

Dominance 53% (N = 105) 40% (N = 80) 7% (N = 14) 199 45% (N = 68) 45% (N = 68) 11% (N = 16) 152 0.250

Dog owners reported their opinion on the behavioural effects of castration in male dogs at a population level, so not specifically for their own dog. Their opinions,

categorized as disagree (with favourable effects), neutral and agree, were on nine different behaviours and percentages are given separately for owners of intact dogs

(N = 242) and castrated dogs (N = 249). Chi-square P-values are presented per behaviour and further details are presented in Table E in S2 Appendix.

https://doi.org/10.1371/journal.pone.0234917.t003
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owners who had their dog castrated for reasons of correcting behaviour reported to a higher

degree that aggression decreased (42%, N = 48 out of 114) than owners who had their dog cas-

trated for other reasons (13%, N = 8 out of 63; P<0.001; for details see Table F in S2 Appendix)

and reported to a lower degree no changes (43%, N = 49 out of 114 versus 65%, N = 41 out of 63).

3.5. Owner satisfaction

We tested the owners’ satisfaction with castration for reasons of correcting their dog’s behav-

iour and we tested general ownership satisfaction for all owners. The owners who had their

dog castrated for reasons of correcting its behaviour were mostly satisfied with how castration

had affected the behaviour(s) of concern. Forty-seven percent (N = 65 out of 137) was

completely satisfied and 25% (N = 34) was largely satisfied. Others were neutral about the

effects (1%, N = 1), slightly dissatisfied (7%, N = 9) or completely dissatisfied (20%, N = 28).

General dog ownership satisfaction was expressed as a binary score of very satisfied or less

than this and we compared owners of intact dogs (N = 242) with owners of dogs that were cas-

trated to correct behaviour (N = 145) or castrated for other reasons (N = 104). Of the owners

whose dogs were castrated to correct behaviour, 53% reported being very satisfied with having

their dog (N = 76 out of 144). This was significantly less than owners of intact dogs (69%,

N = 167 out of 241; P = 0.001) and owners of dogs that were castrated for other reasons (69%,

N = 72 out of 104; P = 0.009) reported being very satisfied (Chi square tests; for details see

Table G in S2 Appendix).

4. Discussion

Desexing dogs is a common practice [1, 2] that according to popular belief is ‘good for the

dog’s behaviour’ [3], apparently especially when it concerns male dogs. We wanted to better

understand how dog owners’ decisions to desex their dogs are influenced by professional

advice and the common beliefs about the behavioural consequences. This is especially impor-

tant as presently prospective causal data in this area are missing [5, 6], but individually based

advice is recommended in areas where population management does not apply [6, 31]. Conse-

quently, advising professionals such as veterinarian practitioners, behavioural trainers and

behavioural therapists could benefit from information on how dog owners decide to castrate

their male dog or not.

Our sample of mainly female owners of various dog breeds had a near equal spread between

pedigree and non-pedigree dogs and more importantly, a near even spread on reproductive

status. Owners in this particular sample reported that they received professional advice on cas-

tration most often from veterinarian practitioners (72%, behavioural trainers: 48%, beha-

vioural therapists: 38%). Owners did not indicate the reasoning behind their professionals’

advice, and this could be based on non-behavioural reasons. Regardless of the reason, advice

received from veterinarian practitioners was more often pro-castration (49%) than con-castra-

tion (17%) in which they opposed behavioural therapists (pro-castration: 32%, con-castration:

41%). Furthermore, receiving advice from veterinarian practitioners was reported more often

by the owners of castrated dogs than by the owners of intact dogs and for owners of castrated

dogs it had been more often pro-castration. Nevertheless, owners of both castrated and intact

dogs reported low levels of agreement with statements on castration having favourable effects

on the behaviour of male dogs at a population level, though owners of castrated dogs agreed

one and a half times more often than did owners of intact dogs. These overall low levels of

agreement seemingly contradict that in 58% of the castrated dogs correcting behaviour had

played a role in the decision to castrate. These 58% of owners reported unchanged or

decreased levels of aggression following castration, whereas owners who castrated their dog
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for other reasons most often reported aggression to be unchanged or increased. Finally, our

results indicate that overall satisfaction with dog ownership was higher for owners of intact

dogs than for owners of dogs castrated to correct behaviour.

Veterinarian practitioners apparently are an important driver of the owner’s decision to

castrate, as they advise owners often and pro-castration. As most veterinarian practitioners are

professionals in veterinary care more than in behaviour, this finding merits a warning against

a Dunning-Kruger effect, when veterinarian practitioners advise on the likely behavioural out-

comes of a male dog’s castration. The Dunning-Kruger effect is a psychological effect that

implies an overestimation of competence in areas where one lacks competence [32]. As an

example in another advising profession, the Dunning-Kruger effect showed in a group of 94

volleyball coaches who advised high schoolers on the volleyball court. These coaches were

compared for their self-reported efficacy scores for coaching abilities. Coaches in the lowest

quartile of coaching abilities reported significantly higher efficacy than coaches in the highest

quartile of coaching abilities [33]. The Dunning-Kruger effect has been found in a wide range

of disciplines and professions [34, 35], and was suggested to affect veterinarian students as well

[36]. Particularly as sound scientific data on the behavioural effects of castration are presently

lacking [5, 6], the Dunning-Kruger effect could imply an overestimation of competence to

advise on behavioural effects of castration and may cause veterinarian practitioners to unin-

tentionally advise too confidently on castration affecting male dog behaviour favourably.

Owners could also be vulnerable to psychological processes affecting their opinions on cas-

tration. One such process is cognitive dissonance, which facilitates an individual’s coping with

its environment, by aligning information processing and decision taking [37]. It prevents dis-

comfort, by processing information selectively [38, 39]. Namely, information that is in line

with held cognitions is processed, but contradicting information is disregarded. For owners

who castrated their dog, noticing advantageous outcomes of castration may be less discomfort-

ing than noticing disadvantageous outcomes, which would not be in line with the owners’ cog-

nitions. Disadvantageous outcomes that are in discord with the received professional advice

could add to the dissonance. Such cognitive dissonance processes could work along the lines

of similar psychological processes noted in owners of brachycephalic (‘flat-faced’) obstructive

airway syndrome (BOAS)-affected dogs. Over half (58%) of these owners reported that their

dog did not have a breathing problem [40], although these dogs were affected and conse-

quently showed symptoms. Also, when buying a new dog, owner-perceived dog health was of

lesser importance to owners of brachycephalic breeds than non-brachycephalic breeds [41].

Apparently, these owners recognise their dog’s health issues insufficiently, as it may be discom-

forting to the owner to realise that their choice of a dog’s appearance affects its welfare nega-

tively. Similarly, if dog owners expect aggression levels to lower after castration, a castrated

dog aggressing more would cause psychological discomfort, or dissonance. Noteworthy is the

apparent contradiction in how owners opinion on castration affecting aggression levels in

male dogs at a population level versus in their own dog. Presumed favourable effects are not

reported at a population level, but favourable behavioural effects are reported for owned male

dogs that are castrated for behavioural reasons. Logically, this could be due to an actual effect

of castration on the dogs’ aggression levels. However, without prospective and observational

data, the process of cognitive dissonance cannot be ruled out. To avoid dissonance, owners

could be more receptive to information in line with expectations, meaning that especially

actions of the dog that are non-aggressive will be registered, remembered and reported. The

process of cognitive dissonance may contribute to the common belief that castration is ‘good

for the dog’s behaviour’, although this belief presently is unsupported. Owners of castrated

dogs could report positive behavioural effects following castration to other dog owners, or

back to their advising professional. The resulting unrealistic public optimism about the

PLOS ONE Possible factors driving dog owners’ decision to castrate their male dog

PLOS ONE | https://doi.org/10.1371/journal.pone.0234917 June 22, 2020 10 / 14

https://doi.org/10.1371/journal.pone.0234917


consequences of castrating a male dog may affect a dog owner’s decision to castrate and this

may unintentionally backfire if for instance fear-induced aggression levels rise. Such unwanted

behaviour can lead to dissatisfaction with dog ownership, which may compromise the dog’s

welfare through increased risk of shelter relinquishment or even euthanasia [25, 26, 27, 42, 43].

Limitations of our study, such as it being based on a convenience sample using online

recruitment, imply that causality could not be studied and that our findings likely do not apply

to all dog owners, such as becoming clear from our sample including 89% women. Women are

often reported to respond at higher levels to survey-based studies, such as seen in a Finnish

study on the topic of social class inequalities and health [44] and in a USA-study on non-

response in student surveys [45]. For dog studies in particular, a higher percentage of women

participants is common also, such as seen in the 93% females of 3,080 participants, with recruit-

ment done online, predominantly using social media [46] and the 91% females of 653 partici-

pants, with recruitment done via internet and advertisement cards placed in veterinary

hospitals, grooming shops, retailers, etc. [47]. This matters as views on a dog’s (and cat’s) desex-

ing differed between men and women, with men being less likely to be pro-desexing [31]. Our

convenience sample was largely gathered via internet, including social media, and these chan-

nels were hypothesized to be operated differently by women and men, such as by women using

these more for communicating and men more for information gathering (searching) [48, 49].

Even though our findings on this convenience sample should not be extrapolated to the

general population of dog owners without taking into account the limitations of our study, it

seems that owners of intact and castrated dogs differ in the advice that they received from pro-

fessionals, as well as in their opinions on the behavioural consequences of castration. Particu-

larly, we underline the need for gathering causal evidence for the behavioural effects of

castration through prospective study set-ups as to facilitate optimal advice to owners. Today,

population control arguments are less valid grounds for a male dog’s castration in many parts

of the world. Several authors stress the importance of individually based advice for owner-dog

combinations [6, 31] and only through strong scientific evidence on pros and cons of castra-

tion can professionals optimize the provision of such individual advice. Without causal and

objective evidence, the common belief that castration is ‘good for the dog’s behaviour’ is an

urban legend that spreads readily as it elicits an emotional response, seems plausible and con-

tains practical information or a social moral [50].

We recommend prospective causal study set-ups, rather than the predominantly cross-sec-

tional set-ups that have been adopted so far [9, 10, 11, 12, 13, 14, 21, 22] to upgrade the present

knowledge on the behavioural effects of castration in dogs from associative to causal. For veter-

inarian practitioners particularly, attention to behavioural aspects of castration is recom-

mended. They seem to be consulted most often on the topic of castrating male dogs and may

be inclined to overestimate their own competence to advise on behavioural effects of castra-

tion, following the psychological processes such as the Dunning-Kruger effect. Particularly in

those regions where a dog’s castration is not necessary for population management, careful

consideration of the pros and cons of castration for an individual dog regarding its health and
behaviour may benefit the dog’s behaviour, relationship with its owner and welfare.

Supporting information

S1 Appendix. Survey items. For this survey-based research we determined the advice owners

received from three types of dog professionals (veterinarian practitioners, behavioural thera-

pists, behavioural trainers) and owners’ assessments of castration’s behavioural effects and this

appendix lists survey items in English.
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S2 Appendix. Tables containing detailed Chi-square test output. We present additional

Chi-square test output, including Chi-square values, degrees of freedom and residuals for all

performed analyses. In Tables A and C we compare the frequency and the nature of the advice

that was received by our complete sample of dog owners (N = 491) between different types of

professionals (pairwise comparisons between veterinarian practitioners, behavioural trainers,

and behavioural therapists). In Tables B and D we compare the frequency and the nature of

the received advice between owners of intact dogs (N = 242) and owners of castrated dogs

(N = 249), and the same two subsamples are used to compare the owners’ opinions in Table E.

In Table F we compare owner-reported changes in aggression between dogs that were cas-

trated for behavioural correction (N = 145) and dogs that were castrated for other reasons

(N = 104). In Table G we compare the general ownership satisfaction of owners of intact dogs

(N = 242), owners of dogs that were castrated for behavioural correction (N = 145) and owners

of dogs that were castrated for other reasons (N = 104) in pairwise comparisons. In all Tables,

each row represents one Chi-square test. The first column of each table contains the Chi-

square value and the degrees of freedom, the last column contains the P-value. Counts repre-

sent numbers of dog owners and Chi-square residuals are between brackets and identify signif-

icant deviations from expected values (i.e. >|2|, in bold).

(DOCX)
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(XLSX)

Author Contributions

Conceptualization: Pascalle E. M. Roulaux.

Data curation: Bonne Beerda.

Formal analysis: Pascalle E. M. Roulaux, Bonne Beerda.

Methodology: Pascalle E. M. Roulaux, Bonne Beerda.

Project administration: Pascalle E. M. Roulaux.

Supervision: Ineke R. van Herwijnen, Bonne Beerda.

Visualization: Pascalle E. M. Roulaux.

Writing – original draft: Pascalle E. M. Roulaux, Ineke R. van Herwijnen.

Writing – review & editing: Pascalle E. M. Roulaux, Ineke R. van Herwijnen, Bonne Beerda.

References
1. Diesel G, Brodbelt D, Laurence C. Survey of veterinary practice policies and opinions on neutering

dogs. Vet Rec Open. 2010; 166(15):455–458.

2. Bennett PC, Rohlf VI. Owner-companion dog interactions: Relationships between demographic vari-

ables, potentially problematic behaviours, training engagement and shared activities. Appl Anim Behav

Sci. 2007; 102(1–2):65–84.

3. Rohlf VI, Bennett PC, Toukhsati S, Coleman G. Why do even committed dog owners fail to comply with

some responsible ownership practices? Anthrozoös. 2010; 23(2):143–155.

4. Howell TJ, Mornement K, Bennett PC. Pet dog management practices among a representative sample

of owners in Victoria, Australia. J Vet Behav. 2016; 12:4–12.

5. D’Onise K, Hazel S, Caraguel C. Mandatory desexing of dogs: one step in the right direction to reduce

the risk of dog bite? A systematic review. Inj Prev. 2017; 23:212–218. https://doi.org/10.1136/

injuryprev-2016-042141 PMID: 28130398

PLOS ONE Possible factors driving dog owners’ decision to castrate their male dog

PLOS ONE | https://doi.org/10.1371/journal.pone.0234917 June 22, 2020 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234917.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234917.s003
https://doi.org/10.1136/injuryprev-2016-042141
https://doi.org/10.1136/injuryprev-2016-042141
http://www.ncbi.nlm.nih.gov/pubmed/28130398
https://doi.org/10.1371/journal.pone.0234917


6. Urfer SR, Kaeberlein M. Desexing dogs: a review of the current literature. Anim. 2019; 9:1086. https://

doi.org/10.3390/ani9121086 PMID: 31817504

7. Maarschalkerweerd RJ, Endenburg N, Kirpensteijn J, Knol BW. Influence of orchiectomy on canine

behaviour. Vet Rec. 1997; 140:617–619. https://doi.org/10.1136/vr.140.24.617 PMID: 9228691

8. Neilson JC, Eckstein RA, Hart BL (1997). Effects of castration on problem behaviors in male dogs with

reference to age and duration of behavior. J Am Vet Med Assoc. 1997; 211(2):180–182. PMID:

9227747

9. Chung T, Park C, Kwon Y, Yeon S. Prevalence of canine behavior problems related to dog-human rela-

tionship in South Korea—A pilot study. J Vet Behav. 2011; 11:26–30.

10. Guy NC, Luescher UA, Dohoo SE, Spangler E, Miller JB, Dohoo IR. Demographic and aggressive char-

acteristics of dogs in a general veterinary caseload. Appl Anim Behav Sci. 2001; 74:15–28. https://doi.

org/10.1016/S0168-1591(01)00153-8

11. Jacobs JA, Coea JB, Pearl DL, Widowski TM, Niel L. Factors associated with canine resource guarding

behaviour in the presence of dogs: A cross-sectional survey of dog owners. Prev Vet Med. 2018;

161:143–142. https://doi.org/10.1016/j.prevetmed.2017.02.005 PMID: 28268035

12. Kaufmann CA, Forndran S, Stauber C, Woerner K, Gansloßer U. The social behaviour of neutered

male dogs compared to intact dogs (Canis lupus familiaris): Video analyses, questionnaires and case

studies. Vet Med Open J. 2017; 2(1):22–37. https://doi.org/10.17140/VMOJ-2-113

13. Puurunen J, Hakanen E, Salonen MK, Mikkola S, Sulkama S, Araujo C, et al. Inadequate socialisation,

inactivity, and urban living environment are associated with social fearfulness in pet dogs. Sci Rep.

2020; 10:3527. https://doi.org/10.1038/s41598-020-60546-w PMID: 32103117

14. Reisner IR, Houpt KA, Shofer FS. National survey of owner-directed aggression in English Springer

Spaniels. J Am Vet Med Assoc. 2005; 227:1594–1603. https://doi.org/10.2460/javma.2005.227.1594

PMID: 16313036

15. Adkins-Regan E. Hormones and Animal Social Behavior. Princeton: Princeton University Press; 2005.

16. Choi JC, Park YH, Park SK, Lee JS, Kim J, Choi JI, et al. Testosterone effects on pain and brain activa-

tion patterns. Acta Anaesthesiol Scand. 2017; 61:668–675. https://doi.org/10.1111/aas.12908 PMID:

28573655

17. Aikey JL, Nyby JG, Anmuth DM, James PJ. Testosterone Rapidly Reduces Anxiety in Male House Mice

(Mus musculus). Horm Behav. 2002; 42:448–460. https://doi.org/10.1006/hbeh.2002.1838 PMID:

12488111

18. Bamberger M, Houpt KA. Signalment factors, comorbidity, and trends in behavior diagnoses in dogs:

1644 cases (1991–2001). J Am Vet Med Assoc. 2006; 229:1591–1601. https://doi.org/10.2460/javma.

229.10.1591 PMID: 17107314

19. Galac S, Knol BW. Fear-motivated aggression in dogs: patient characteristics, diagnosis and therapy.

Anim Welf. 1997; 6:9–15.

20. Krasimira U, Rumen B, Marina T, Chonka M. Fear and aggression in dogs. Maced Vet Rev. 2011; 34

(2):47–56.

21. Podberscek AL, Serpell JA. Environmental influences on the expression of aggressive behaviour in

English Cocker Spaniels. Appl Anim Behav Sci. 1997; 52:215–227. https://doi.org/10.1016/S0168-1591

(96)01124-0

22. Farhoody P, Mallawaarachchi I, Tarwater PM, Serpell JA, Duffy DL, Zink C. Aggression toward Familiar

People, Strangers, and Conspecifics in Gonadectomized and Intact Dogs. Front Vet Sci. 2018; 5:18.

https://doi.org/10.3389/fvets.2018.00018 PMID: 29536014

23. Herron ME, Shofer FS, Reisner IR. Survey of the use and outcome of confrontational and non-confron-

tational training methods in client-owned dogs showing undesired behaviours. Appl Anim Behav Sci.

2009; 117:47–54.

24. Van Herwijnen IR, Van der Borg JAM, Naguib M, Beerda B. Dog ownership satisfaction determinants in

the owner-dog relationship and the dog’s behaviour. PLoS ONE. 2018; 13(9):e0204592. https://doi.org/

10.1371/journal.pone.0204592 PMID: 30235347

25. Kwan JY, Bain MJ. Owner Attachment and Problem Behaviors Related to Relinquishment and Training

Techniques of Dogs. J Appl Anim Welf Sci. 2013; 16(2):168–183. https://doi.org/10.1080/10888705.

2013.768923 PMID: 23544756

26. Mondelli F, Prato Previde E, Verga M, Levi D, Magistrelli S, Valsecchi P. The bond that never devel-

oped: adoption and relinquishment of dogs in a rescue shelter. J Appl Anim Welf Sci. 2004; 7(4):253–

266. https://doi.org/10.1207/s15327604jaws0704_3 PMID: 15857811

27. Salman MD, New JG, Scarlett JM, Kass PH, Ruch-Gallie R, Hetts S. Human and Animal Factors

Related to Relinquishment of Dogs and Cats in 12 Selected Animal Shelters in the United States. J Appl

Anim Welf Sci. 1998; 1(3):207–226. https://doi.org/10.1207/s15327604jaws0103_2 PMID: 16363966

PLOS ONE Possible factors driving dog owners’ decision to castrate their male dog

PLOS ONE | https://doi.org/10.1371/journal.pone.0234917 June 22, 2020 13 / 14

https://doi.org/10.3390/ani9121086
https://doi.org/10.3390/ani9121086
http://www.ncbi.nlm.nih.gov/pubmed/31817504
https://doi.org/10.1136/vr.140.24.617
http://www.ncbi.nlm.nih.gov/pubmed/9228691
http://www.ncbi.nlm.nih.gov/pubmed/9227747
https://doi.org/10.1016/S0168-1591(01)00153-8
https://doi.org/10.1016/S0168-1591(01)00153-8
https://doi.org/10.1016/j.prevetmed.2017.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28268035
https://doi.org/10.17140/VMOJ-2-113
https://doi.org/10.1038/s41598-020-60546-w
http://www.ncbi.nlm.nih.gov/pubmed/32103117
https://doi.org/10.2460/javma.2005.227.1594
http://www.ncbi.nlm.nih.gov/pubmed/16313036
https://doi.org/10.1111/aas.12908
http://www.ncbi.nlm.nih.gov/pubmed/28573655
https://doi.org/10.1006/hbeh.2002.1838
http://www.ncbi.nlm.nih.gov/pubmed/12488111
https://doi.org/10.2460/javma.229.10.1591
https://doi.org/10.2460/javma.229.10.1591
http://www.ncbi.nlm.nih.gov/pubmed/17107314
https://doi.org/10.1016/S0168-1591(96)01124-0
https://doi.org/10.1016/S0168-1591(96)01124-0
https://doi.org/10.3389/fvets.2018.00018
http://www.ncbi.nlm.nih.gov/pubmed/29536014
https://doi.org/10.1371/journal.pone.0204592
https://doi.org/10.1371/journal.pone.0204592
http://www.ncbi.nlm.nih.gov/pubmed/30235347
https://doi.org/10.1080/10888705.2013.768923
https://doi.org/10.1080/10888705.2013.768923
http://www.ncbi.nlm.nih.gov/pubmed/23544756
https://doi.org/10.1207/s15327604jaws0704_3
http://www.ncbi.nlm.nih.gov/pubmed/15857811
https://doi.org/10.1207/s15327604jaws0103_2
http://www.ncbi.nlm.nih.gov/pubmed/16363966
https://doi.org/10.1371/journal.pone.0234917


28. Fatjo J, Ruiz-de-la-Torre JL, Manteca X. The epidemiology of behavioural problems in dogs and cats: a

survey of veterinary practitioners. Anim Welf. 2006; 15:179–185.

29. Cohen J. The t test for means. Statistical power analysis for the behavioural sciences. New Jersey:

Lawrence Erlbaum Associates; 1988.

30. Cohen J. A power primer. Psychol Bull. 1992; 112:155–159. https://doi.org/10.1037//0033-2909.112.1.

155 PMID: 19565683

31. Wongsaengchan C, McKeegan DE. The views of the UK public towards routine neutering of dogs and

cats. Animals. 2019; 9:1–16.

32. Kruger J, Dunning D. Unskilled and unaware of it: How difficulties in recognizing one’s own incompe-

tence lead to inflated self-assessments. J Pers Soc Psychol. 1999; 77:1121–1134. https://doi.org/10.

1037//0022-3514.77.6.1121 PMID: 10626367

33. Sullivan PJ, Ragogna M, Dithurbide L. An investigation into the Dunning–Kruger effect in sport coach-

ing. J Pers Soc Psychol. 2019; 17(6):591–599. https://doi.org/10.1080/1612197X.2018.1444079

34. Dunning D, Heath C, Suls JM. Flawed self-assessment: Implications for health, education, and the

workplace. Psychol Sci Public Interest. 2004; 5:69–106. https://doi.org/10.1111/j.1529-1006.2004.

00018.x PMID: 26158995

35. Pavel SR, Robertson MF, Harrison BT. The Dunning-Kruger Effect and SIUC University’s Aviation Stu-

dents. Journal of Aviation Technology and Engineering. 2012; 2(1):125–129. https://doi.org/10.5703/

1288284314864

36. Gates MC, Odom TF, Sawicki RK. Experience and confidence of final year veterinary students in per-

forming desexing surgeries. N Z Vet J, 2018; 66(4):210–215. https://doi.org/10.1080/00480169.2018.

1464977 PMID: 29661064

37. Harmon-Jones E, Harmon-Jones C, Levy N. An action-based model of cognitive-dissonance pro-

cesses. Curr Dir Psychol Sci. 2015; 24(3):184–189.

38. Case DO, Andrews JE, Johnson JD, Allard SL. Avoiding versus seeking: the relationship of information

seeking to avoidance, blunting, coping, dissonance, and related concepts. J Med Libr Assoc. 2005; 93

(3):353–362. PMID: 16059425

39. Frey D. Different levels of cognitive dissonance, information seeking, and information avoidance. J Pers

Soc Psychol. 1982; 43(6):1175–1183. https://doi.org/10.1037/0022-3514.43.6.1175

40. Packer RMA, Hendricks A, Burn CC. Do dog owners perceive the clinical signs related to conforma-

tional inherited disorders as ‘normal’ for the breed? A potential constraint to improving canine welfare.

Anim Welf. 2012; 21(S1):81–93. https://doi.org/10.7120/096272812X13345905673809

41. Packer RMA, Murphy D, Farnworth MJ. Purchasing popular purebreds: investigating the influence of

breed-type on the pre-purchase motivations and behaviour of dog owners. Anim Welf. 2017; 26

(2):191–201.

42. Coe JB, Young I, Lambert K, Dysart L, Nogueira Borden L, Rajić A. A scoping review of published

research on the relinquishment of companion animals. J Appl Anim Welf Sci. 2014; 17(3):253–273.

https://doi.org/10.1080/10888705.2014.899910 PMID: 24738944

43. Lambert K, Coe J, Niel L, Dewey C, Sargeant JM. A systematic review and meta-analysis of the propor-

tion of dogs surrendered for dog-related and owner-related reasons. Prev Vet Med. 2015; 118(1):148–

160. https://doi.org/10.1016/j.prevetmed.2014.11.002 PMID: 25466216

44. Martikainen P, Laaksonen M, Piha K, Lallukka T. Does survey non-response bias the association

between occupational social class and health?. Scand J Public Health. 2007; 35:212–215. https://doi.

org/10.1080/14034940600996563 PMID: 17454926

45. Porter SR, Whitcomb ME. Non-response in student surveys: The role of demographics, engagement

and personality. Res High Educ J. 2005; 46:127–152.

46. Norman C, Stavisky J, Westgarth C. Importing rescue dogs into the UK: reasons, methods and welfare

considerations. Vet Rec. 2020; 186(8):248. https://doi.org/10.1136/vr.105380 PMID: 31932354

47. Volsche S, Gray P. “Dog Moms” Use Authoritative Parenting Styles. Hum Anim Interact Bull. 2016; 4:1–

16.

48. Smith, G. Does gender influence online survey participation?: A record-linkage analysis of university

faculty online survey response behavior. ERIC Document Reproduction Service. 2008;ED501717:1–

22.

49. Jackson LA, Ervin KS, Gardner PD, Schmitt N. Gender and the Internet: Women communicating and

men searching. Sex roles. 2001; 44:363–379.

50. Heath C, Bell C, Sternberg E. Emotional selection in memes: the case of urban legends. J Pers Soc

Psychol. 2001; 81(6):1028–1041. https://doi.org/10.1037//0022-3514.81.6.1028 PMID: 11761305

PLOS ONE Possible factors driving dog owners’ decision to castrate their male dog

PLOS ONE | https://doi.org/10.1371/journal.pone.0234917 June 22, 2020 14 / 14

https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683
https://doi.org/10.1037//0022-3514.77.6.1121
https://doi.org/10.1037//0022-3514.77.6.1121
http://www.ncbi.nlm.nih.gov/pubmed/10626367
https://doi.org/10.1080/1612197X.2018.1444079
https://doi.org/10.1111/j.1529-1006.2004.00018.x
https://doi.org/10.1111/j.1529-1006.2004.00018.x
http://www.ncbi.nlm.nih.gov/pubmed/26158995
https://doi.org/10.5703/1288284314864
https://doi.org/10.5703/1288284314864
https://doi.org/10.1080/00480169.2018.1464977
https://doi.org/10.1080/00480169.2018.1464977
http://www.ncbi.nlm.nih.gov/pubmed/29661064
http://www.ncbi.nlm.nih.gov/pubmed/16059425
https://doi.org/10.1037/0022-3514.43.6.1175
https://doi.org/10.7120/096272812X13345905673809
https://doi.org/10.1080/10888705.2014.899910
http://www.ncbi.nlm.nih.gov/pubmed/24738944
https://doi.org/10.1016/j.prevetmed.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25466216
https://doi.org/10.1080/14034940600996563
https://doi.org/10.1080/14034940600996563
http://www.ncbi.nlm.nih.gov/pubmed/17454926
https://doi.org/10.1136/vr.105380
http://www.ncbi.nlm.nih.gov/pubmed/31932354
https://doi.org/10.1037//0022-3514.81.6.1028
http://www.ncbi.nlm.nih.gov/pubmed/11761305
https://doi.org/10.1371/journal.pone.0234917

