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Abstract

Introduction

Growing concerns over health and welfare impacts from extreme phenotypes in dogs have

created an urgent need for reliable demographic information on the national breed struc-

tures of dogs.

Methods

This study included all dogs under primary veterinary care in the UK during 2019 at practices

participating in VetCompass. Demographic data on these dogs were analysed to report on

the frequency of common breeds and also to report on conformation, bodyweight, sex and

neuter associations with these breeds.

Results

The study included 2,237,105 dogs under UK veterinary care in 2019. Overall, 69.4% (n =

1,551,462) were classified as purebred, 6.7% (149,308) as designer-crossbred and 24.0%

(536,335) as nondesigner-crossbred. Across 800 unique breed names, the most frequent

breeds at any age were nondesigner-crossbred (n = 536,335, 24.0%), Labrador Retriever

(154,222, 6.9%) and Jack Russell Terrier (101,294, 4.5%). Among 229,624 (10.3%) dogs

aged under one year, the most frequent breeds were nondesigner-crossbred (n = 45,995,

20.0%), French Bulldog (16,036, 7.0%) and Cockapoo (14,321, 6.2%). Overall, based on

breed characteristics, 17.6% (395,739) were classified as brachycephalic, 43.1% (969,403)

as mesaticephalic and 8.3% (186,320) as dolichocephalic. Of 1,551,336 dogs that were

classifiable based on breed, 52.6% (815,673) were chondrodystrophic. Of 1,462,925 dogs

that were classifiable, there were 54.6% (n = 798,426) short haired, 32.6% (476,883)

medium haired and 12.8% (186,934) long haired. Of 1,547,653 dogs that were classifiable

for ear carriage, 24.5% (n = 379,581) were erect, 28.1% (434,273) were semi-erect, 19.7%

(305,475) were v-shaped drop and 27.7% (428,324) were pendulous. Overall, there was a

1.09:1.00 ratio of male (n = 1,163,512; 52.2%) to female dogs (n = 1,067,552; 47.8%).
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Conclusions

Health and welfare issues linked to popular breeds with extreme phenotypes suggest that

there is much work to do to help owners to make more welfare-friendly decisions when

choosing which type of dog to own.

Introduction

Population ecology examines how and why populations change over time and space [1, 2]. It

seeks to understand drivers of population abundance and sparsity, with a focus on assessing

the influence of demographic parameters upon population structure as a result of underlying

vital rates such as density, survival and recruitment [3–6]. Consequently, demography may be

considered a ‘scaling’ tool: translating the fates of individuals into population-level outcomes

[7]. Within the United Kingdom (UK), companion dogs, i.e., those not considered feral, free-

roaming or stray, are the most popular domestic companion animal, with 31% of UK house-

holds reportedly owning a dog in 2022 [8]. In order to maximise health and welfare outcomes

within our domestic canine population, researchers and policy makers require access to

national demographic baselines with robust and generalisable data that permit reliable extrap-

olation of findings to inform future decision making [9]. In addition, these national demo-

graphic data would also allow evaluation of spatiotemporal patterns, point analyses, and

benchmark comparisons [10]. Demographic insights are instrumental for the development of

population-level strategic responses to changing or challenging conditions such as genetic bot-

tlenecks, hereditary pathology, infectious disease and increasing popularity of breeds with

extreme conformations. Despite these clear justifications for national demographic databases

on dogs, there are limited published up-to-date and large-scale empirical data regarding

domestic dog demographics within the UK [11, 12].

Dogs and man have a long joint history, with dogs being the first species domesticated by

man and the only species known to share a domestic relationship with humans during the

Pleistocene [13]. It is widely accepted that the grey wolf is the progenitor of the modern

domestic dog but there is still debate on when and where this occurred [14]. Pinpointing tem-

poral and geographical origins for domestic dogs has been challenging because of the genetic

diversity within modern dogs as well as local extinctions of ancient wolves that leaves modern

wolves as genetically distinct variants [15, 16]. However, the current evidence from skeletal

remains attributable to present-day dog lineages combined with genetic estimates for separa-

tion between the ancestors of dogs and modern wolves suggest divergence and domestication

between 40,000 and 14,000 years ago [17, 18]. Varying theories are still proposed on whether

domestication of the dog occurred across multiple geographical areas with later merging of

these populations or whether a single domestication occurred with later admixing by wolves

from other regions [13, 15, 17, 19]. Either way, present-day diversity across more than 400

genetically distinct domestic dog breeds as defined by kennels clubs worldwide is a much

more recent phenomenon, although many behavioural and physical phenotypes in domestic

dogs still link variably to their original wolf progenitors [20–22]

During the mid-19th century, the advent of breed clubs and the concept of breed standards

provided structure for reproductive isolation of canine sub-populations, with the aim of ensur-

ing breed differentiation and standardisation [23, 24]. This delineation between breeds was

reinforced by new breeding practices such as the repeated use of popular sires, breeding to per-

petuate desired physical or behavioural characteristics, promotion of the breed barrier rule,
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and population maintenance via inbreeding within closed familial lines [25–27]. As a result,

many of the body conformational structures that define our present-day breeds were formal-

ised in dogs within the last 150 years, such as ear carriage, skull shape, haircoat and body type

[23, 24]. Whilst these selection practices successfully developed distinct breeds that were still

originally highly specialised for specific functions such as herding, hunting and retrieving,

they also provided a mechanism for unscrupulous/naive breeders to focus solely on selecting

for extreme physical attributes that often were to the detriment of canine health, welfare, func-

tionality, and behaviour [28].

A description of present-day UK-based dog demographics that includes information on

important attributes such as sex, neuter status, age, breed and phenotype would offer analytical

and inferential benefits to welfare, veterinary, educational, epidemiological and business stake-

holders, amongst others. For example, national demographic structures are key determinants

of inter-animal contact patterns and hence are critical for understanding infectious disease

spread. As such, demographic insights would support the design and implementation of

improved disease transmission control measures [29–33]. Demographic data would also

improve our understanding of population composition and distribution, along with current

welfare issues related to breed and conformation issues. Grounding these welfare issues within

a population age structure would provide a mechanism to forecast prevalence within, or

impact upon, future generations, allowing for the development of proactive, rather than reac-

tive, response strategies to future demographic changes, e.g., designer-crossbred dogs [34].

Furthermore, these demographic data would provide much-needed insight into consumer

demand because acquisition behaviours by owners ultimately translate into dog population

dynamics. Recent research has suggested that, for some owners, physical appearance may be of

greater importance in affecting decision making when acquiring a specified breed than the

perceived risks of breed-associated diseases [35–38]. This issue is especially poignant because

dog types selectively bred for extreme physical features such as flat faces, large heads, protrud-

ing eyes and folded skin are reported as predisposed to a wide range of conformation-associ-

ated disorders [39–41]. Despite this evidence base, consumer demand for dog types and

breeds with extreme conformations continues to flourish [37].

Until recently, despite the recognised importance of having a good understanding of canine

demography, it has been challenging to accurately describe the demography of the UK dog

population. This was mainly due to a lack of representative and accessible data on UK dogs.

Previous UK-based statistics on dog demography, such as those published by the Kennel Club

[42] and the Pet Food Manufacturing Association [8], were widely cited and did provide useful

contextual insight into certain population aspects. However, inherent systematic biases such as

prerequisite pedigree status for Kennel Club data and limited sample size for Pet Food

Manufacturing Association data reduced generalisability to the wider UK dog population. Fur-

thermore, these earlier data sources often lacked methodological detail on how the data were

collected and collated that further limited their wider application. Newer sources of informa-

tion on dog breed frequencies such as ‘scraping’ data from online dog sales websites offer tan-

talising alternative views on breed popularity [43].

In an effort to address some of these limitations, the current study aimed to report the

demography of dogs under primary veterinary care in 2019 across the UK using anonymised

veterinary clinical data from the VetCompass Programme [44]. VetCompass is a welfare-

focused programme at the Royal Veterinary College (RVC), London that collates de-identified

electronic patient record (EPR) data from primary-care veterinary practices in the UK for epi-

demiological research [44]. An array of anonymised data fields covering demographic, clinical

and therapeutic information are uploaded quasi real-time to a secure server at the RVC.

Researchers access and explore these data using a single online portal. Currently, VetCompass
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collaborates with around 30% of UK veterinary practices (~1800 practices) to share data on

over 26 million companion animals (including over 13 million dogs) that have supported over

115 peer-reviewed publications to date [45].

This study placed particular focus on reporting breed and conformational attributes of dogs

in the UK. Detailed methodological data are provided showing the VetCompass system of

using breed type information to classify dogs by a range of morphological criteria. The results

of the current study could assist welfare scientists, breeders, veterinary practitioners and own-

ers with a deeper understanding of the demographic structure of the wider UK dog population

and can also support future work by other research groups that could apply these VetCompass

breed classification systems and data on common breeds.

Methods

The study population included all available dogs under primary veterinary care at clinics par-

ticipating in the VetCompass Programme during 2019 [44]. Dogs under veterinary care were

defined as having at least one EPR (free-text clinical note, treatment, or bodyweight) recorded

during 2019. Canine demographic data fields available to VetCompass researchers and used in

the current study included a unique animal identifier along with species, breed, date of birth,

sex, neuter status, and bodyweight.

A cross-sectional study design was used to explore and report on demography and confor-

mation in this population. Power calculations estimated that a sample of at least 366,193 dogs

was needed to estimate the frequency of a breed that includes 0.1% of all dogs in a wider

national UK population of 8 million dogs to a precision of 0.01% acceptable margin of error at

95% confidence level [46, 47]. All owners provided verbal opt-out informed consent. Ethics

approval was obtained from the RVC Social Science Ethical Review Board (reference SR2018-

1652).

Descriptive information on breed entered by the participating practices was cleaned and

mapped to a VetCompass breed list derived and extended from the VeNom Coding breed list

[48]. The breed information entered by the participating practices would generally have been

based on a consensus between the owner(s) and the veterinary teams to agree on the most

appropriate breed term to apply and could have been refined over time at repeated veterinary

visits to reflect updated understanding. The current study used the latest available breed infor-

mation terms for the analysis. Genetic ancestry testing or validation of pedigree records were

not required for entry of breed information by the participating practices. In the context of

this paper, the term ‘breed’ was broadly interpreted to include unique breed terms for each

individual pure breed recognised by various kennel clubs and registries worldwide (collectively

described as ‘purebred’ in the current study) and unique breed terms for each individual

designer-crossbred (hybrid) type as defined below (collectively described as ‘designer-cross-

bred’ in the current study). Designer-crossbreds included types of dogs (included in the cur-

rent paper as breeds) described with contrived portmanteau names generated from two or

more purebred breed terms (e.g., Labradoodle) [34, 49]. All remaining dogs with non-missing

breed information entered by the participating practices where the animal was described as a

specified (e.g., lab x poodle, collie x) or unspecified (e.g., crossbred, mongrel) mix of breeds

were included as ‘nondesigner-crossbred’ [50]. A Purebred status variable categorised the indi-

vidual breeds as purebred, designer-crossbred or nondesigner-crossbred. A Kennel Club breed
group variable classified breeds recognised by the UK Kennel Club into their relevant breed

groups (Gundog, Hound, Pastoral, Terrier, Toy, Utility and Working) and all remaining types

were classified as non-Kennel Club recognised [50]. Note that it was not possible to identify

which individual dogs had a pedigree registered with the Kennel Club within the breeds that
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were recognised by the Kennel Club. Breeds were characterised by ear carriage based on pinnal

phenotypes typically described for each breed [50–53]. The categories of ear carriage included

erect (also known as prick or upright e.g., German Shepherd Dog), semi-erect (also known as

cocked or semi-pricked e.g., Rough Collie), V-shaped drop (also known as folded e.g., Hungar-

ian Vizsla), pendulous (also known as drop or pendant, e.g., Basset Hound) and unspecified.

Based on information reviewed from multiple sources including several kennel club registries,

previous publications, photographs sourced online, breeds were characterised where possible

by skull shape (dolichocephalic, mesaticephalic, brachycephalic, unavailable), haircoat (short,

medium, long, unavailable), chondrodystrophic (chondrodystrophic, non-chondrodystrophic,

unavailable), spaniel-type status (spaniel, non-spaniel, unavailable), poodle-type status (poo-

dle, non-poodle, unavailable) and Dachshund-type status (Dachshund, non-Dachshund,

unavailable) for analysis. Among breeds that were categorised as brachycephalic, the degree of

brachycephaly was estimated as mild, moderate or severe based on the typical characteristics

of the breed [12] (S1 File). It should be noted that these categorisations were all achieved at the

breed level and did not involve direct assessment of each dog at an individual level. These cate-

gorisations were mainly the responsibility of one author (DON) and therefore represent the

current VetCompass classification system in the absence of another universal standard for

breed classifications in dogs. Sex and neuter status were defined by the final available EPR

value. For the purposes of the analysis, age (years) for each dog was defined at December 31,

2019. Adult bodyweight for each dog was defined as the median of all bodyweight (kg) values

recorded for each dog after reaching 18 months old based on their recorded date of birth.

Following internal validity checking and data cleaning, analyses were conducted using Stata

Version 16 (Stata Corporation). The median is reported rather than the mean to avoid

assumptions of normality for continuous variables [54]. Proportions were reported with 95%

confidence interval (CI) estimates derived from standard errors based on approximation to

the binomial distribution [54]. Binary comparisons of continuous variables between subsets of

dogs used the Mann-Whitney statistical test [54]. Statistical significance was set at P< 0.05.

Results

Breed frequency

The study included an overall population of 2,250,417 dogs at any age under veterinary care in

2019 within six veterinary groups participating in VetCompass across the UK. There were

13,312 (0.59%) dogs without any breed information recorded that were excluded from further

analysis, leaving 2,237,105 dogs in the final analysis. The overall dataset included 800 unique

dog breed names. The most frequent breeds at any age were nondesigner-crossbred

(n = 536,335, 24.0% of all dogs), Labrador Retriever (154,222, 6.9%), Jack Russell Terrier

(101,294, 4.5%), English Cocker Spaniel (96,824, 4.3%), Staffordshire Bull Terrier (93,883,

4.2%) and Chihuahua (80,609, 3.6%). The 10 most common breeds represented 59.56% of all

dogs while the 20 most common breeds represented 75.93% of all dogs (Table 1 and S2 File).

There were 229,624 dogs aged under one year in the study cohort, i.e., 10.2% of the popula-

tion. The most frequent breeds aged under one year were nondesigner-crossbred (n = 45,995,

20.03%), French Bulldog (16,036, 6.98%), Cockapoo (14,321, 6.24%), Labrador Retriever

(13,303, 5.79%), English Cocker Spaniel (10,766, 4.69%) and Chihuahua (9,637, 4.2%). The 10

most common breeds represented 58.79% of all dogs aged under one year while the 20 most

common breeds represented 75.89% of all dogs aged under one year (Table 2).

There were 445,884 dogs aged over 10 years in the study, i.e., 19.9% of the population. The

most frequent breeds aged over 10 years were nondesigner-crossbred (n = 105,360, 23.63%),

Jack Russell Terrier (38,204, 8.57%), Labrador Retriever (38,074, 8.54%), Staffordshire Bull
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Terrier (28,816, 6.46%), English Cocker Spaniel (18,390, 4.12%) and Border Collie (17,077,

3.83%). The 10 most common breeds represented 67.93% of all dogs aged over 10 years while

the 20 most common breeds represented 81.55% of all dogs aged over 10 years (Table 3).

Table 1. Descriptive statistics on the 40 most common dog breeds at any age under primary veterinary care in 2019 in the VetCompass™ Programme in the UK.

n = 2,237,105.

Breed Freq. Percent Age 31 Dec 2019—

median

Adult bodyweight—

median

Female adult bodyweight—

median

Male adult bodyweight—

median

Nondesigner-crossbred 536,335 24.0 5.4 12.7 12.2 13.0

Labrador Retriever 154,222 6.9 6.2 31.6 29.2 33.6

Jack Russell Terrier 101,294 4.5 8.3 7.9 7.3 8.4

English Cocker Spaniel 96,824 4.3 5.2 14.9 13.7 16.0

Staffordshire Bull Terrier 93,883 4.2 7.3 20.6 19.2 22.0

Chihuahua 80,609 3.6 4.2 3.8 3.6 4.0

Cockapoo 73,037 3.3 2.5 11.8 10.8 12.8

Shih-tzu 67,368 3.0 5.4 8.0 7.3 8.5

French Bulldog 66,997 3.0 2.0 12.9 11.8 13.8

Border Collie 61,802 2.8 6.4 21.0 19.5 22.4

Yorkshire Terrier 53,246 2.4 6.9 5.1 4.7 5.5

English Springer Spaniel 51,802 2.3 6.8 20.0 18.4 21.4

German Shepherd Dog 47,407 2.1 4.5 35.9 33.5 38.4

Pug 40,509 1.8 3.5 9.2 8.4 9.9

West Highland White

Terrier

35,814 1.6 9.1 9.5 9.0 10.0

Cavalier King Charles

Spaniel

35,240 1.6 6.9 10.4 9.8 11.0

Golden Retriever 27,491 1.2 5.5 33.5 31.6 35.4

Bichon Frise 25,162 1.1 6.8 8.3 7.7 8.7

Miniature Dachshund 24,831 1.1 2.7 6.4 6.0 6.8

Border Terrier 24,697 1.1 7.7 9.9 9.1 10.6

Lhasa Apso 24,553 1.1 6.7 8.3 7.6 8.9

British Bulldog 23,023 1.0 2.7 26.0 24.5 27.5

Labradoodle 21,802 1.0 4.5 24.7 23.0 26.5

Miniature Schnauzer 21,154 1.0 5.4 9.6 8.9 10.4

Beagle 20,229 0.9 4.8 18.0 16.6 19.3

Boxer 17,572 0.8 6.3 30.3 27.9 32.7

Husky 17,337 0.8 5.1 26.1 24.3 27.8

Lurcher 16,051 0.7 6.1 23.1 21.8 24.6

Pomeranian 14,844 0.7 3.3 5.4 5.0 5.8

Cavapoo 14,146 0.6 2.1 9.1 8.4 9.8

Rottweiler 13,203 0.6 4.3 42.3 39.2 45.5

Whippet 12,765 0.6 5.1 14.5 13.3 15.5

Greyhound 12,640 0.6 7.3 29.7 27.7 32.5

Patterdale Terrier 10,761 0.5 6.6 10.3 9.5 11.1

Sprocker 9,348 0.4 3.2 17.1 15.7 18.4

American Bulldog 8,633 0.4 2.1 37.5 35.0 40.0

Toy Poodle 8,601 0.4 5.1 5.1 4.6 5.4

Maltese 8,488 0.4 4.0 4.6 4.3 4.9

Hungarian Vizsla 7,199 0.3 3.8 25.2 23.3 27.2

Standard Dachshund 7,096 0.3 3.2 8.7 8.2 9.1

https://doi.org/10.1371/journal.pone.0288081.t001
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Table 2. Descriptive statistics on the 20 most common dog breeds aged under one year under primary veterinary

care in 2019 in the VetCompass™ Programme in the UK. n = 229,624.

Breed Freq. Percent

Nondesigner-crossbred 45,995 20.03

French Bulldog 16,036 6.98

Cockapoo 14,321 6.24

Labrador Retriever 13,303 5.79

English Cocker Spaniel 10,766 4.69

Chihuahua 9,637 4.20

Staffordshire Bull Terrier 6,909 3.01

German Shepherd Dog 6,322 2.75

Shih-tzu 6,067 2.64

Pug 5,633 2.45

Border Collie 5,329 2.32

Jack Russell Terrier 5,305 2.31

Miniature Dachshund 5,267 2.29

British Bulldog 3,987 1.74

Cavapoo 3,786 1.65

English Springer Spaniel 3,677 1.60

Yorkshire Terrier 3,502 1.53

Golden Retriever 3,200 1.39

Labradoodle 2,676 1.17

Cavalier King Charles Spaniel 2,543 1.11

https://doi.org/10.1371/journal.pone.0288081.t002

Table 3. Descriptive statistics on the 20 most common dog breeds aged over 10 years under primary veterinary

care in 2019 in the VetCompass™ Programme in the UK. n = 445,884.

Breed Freq. Percent

Nondesigner-crossbred 105,360 23.63

Jack Russell Terrier 38,204 8.57

Labrador Retriever 38,074 8.54

Staffordshire Bull Terrier 28,816 6.46

English Cocker Spaniel 18,390 4.12

Border Collie 17,077 3.83

West Highland White Terrier 15,634 3.51

Yorkshire Terrier 15,023 3.37

English Springer Spaniel 14,500 3.25

Shih-tzu 11,825 2.65

Cavalier King Charles Spaniel 8,467 1.90

Border Terrier 8,292 1.86

German Shepherd Dog 7,373 1.65

Chihuahua 7,154 1.60

Golden Retriever 6,368 1.43

Lhasa Apso 6,296 1.41

Bichon Frise 5,593 1.25

Miniature Schnauzer 3,878 0.87

Lurcher 3,780 0.85

Greyhound 3,513 0.79

https://doi.org/10.1371/journal.pone.0288081.t003
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Purebred status

Overall, 69.4% (n = 1,551,462) of dogs were classified as purebred with 6.7% (149,308) classi-

fied as designer-crossbred and 24.0% (536,335) as nondesigner-crossbred. Designer-crossbred

dogs (median age 3.02 years, interquartile range [IQR] 1.39–5.63, range 0.00–24.33) were sta-

tistically significantly younger than nondesigner-crossbred dogs (median 5.40, IQR 2.51–8.90,

range 0.00–24.95) (P< 0.001) and purebred dogs (median 5.47, IQR 2.31–9.28, range 0.00–

24.98) (P< 0.001). Designer-crossbred dogs (median adult bodyweight 13.40 kg, IQR 10.22–

19.00, range 2.15–57.00) were statistically significantly heavier than nondesigner-crossbred

dogs (median 12.65 kg, IQR 28.22–22.16, range 4.00–41.65) (P< 0.001) and lighter than pure-

bred dogs (median 14.25 kg, IQR 8.30–25.90, range 0.38–106.00) (P< 0.001) (Table 4). Pro-

portional purebred status varied between the young and old dogs (P< 0.001), with designer-

crossbred comprising 11.2% of dogs aged under one year compared with 2.2% of dogs aged

over 10 years (Table 5).

Kennel Club

Of 2,237,105 dogs with breed (including crossbreds) information available, 67.54%

(n = 1,511,011) were of a breed recognised by the UK Kennel Club (Kennel Club, 2022a) and

Table 4. Descriptive statistics for major groupings of dogs under primary veterinary care in 2019 in the VetCompass™ Programme in the UK. n = 2,237,105.

Variable Category No. % Median age (31

Dec 2019)

Median adult

bodyweight (� 18 mts)

Female—median adult

bodyweight

Male—median adult

bodyweight

Purebred status Nondesigner-

crossbred

536,335 24.0 5.4 12.7 12.2 13.0

Designer-crossbred 149,308 6.7 3.0 13.4 12.2 14.4

Purebred 1,551,462 69.4 5.5 14.3 13.5 15.0

Skull-shape Brachycephalic 395,739 17.6 3.9 9.1 8.4 9.7

Mesaticephalic 969,403 43.1 6.4 17.6 16.5 18.8

Dolichocephalic 186,320 8.3 4.8 19.5 20.6 18.4

Not applicable 698,955 31.1 4.7 12.9 12.2 13.5

Breed recognised by The

Kennel Club (KC)

Not recognised 726,094 32.5 4.7 13.0 12.3 13.5

Recognised 1,511,011 67.5 5.5 14.3 13.5 15.0

KC breed group Not KC recognised 726,094 32.5 4.7 13.0 12.3 13.5

Gundog 372,428 16.7 5.8 26.0 24.7 27.9

Hound 97,526 4.4 4.6 15.5 15.0 16.1

Pastoral 127,422 5.7 5.6 25.0 23.5 26.0

Terrier 292,638 13.1 7.9 10.3 9.7 10.7

Toy 278,725 12.5 5.0 6.2 5.7 6.6

Utility 264,749 11.8 3.9 10.0 9.3 10.6

Working 77,523 3.5 4.9 35.4 33.1 37.6

Sex Female 1,067,552 47.85 5.34 12.96 ~ ~

Male 1,163,512 52.15 5.19 14.30 ~ ~

Hermaphrodite 1 0.00 1.16 ~ ~ ~

Neuter status Entire 1,255,098 56.26 3.21 13.40 12.20 13.60

Neutered 975,966 43.74 7.45 14.00 14.35 14.30

Sex-Neuter Female entire 589,600 26.43 3.13 12.20 ~ ~

Female neuter 477,952 21.42 7.70 13.60 ~ ~

Male entire 665,498 29.83 3.27 14.35 ~ ~

Male neuter 498,014 22.32 7.22 14.30 ~ ~

https://doi.org/10.1371/journal.pone.0288081.t004
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32.46% (726,094) were of a breed not recognised by The Kennel Club. It should be noted that

it was not possible to ascertain which individual dogs within the breeds regcognised by The

Kennel Club were actually registered with The Kennel Club. Among the breeds recognised by

The Kennel Club, the most common breed groups were Gundog (n = 372,428, 24.65%), Ter-

rier (292,638, n = 19.37%) and Toy (278,725, 18.45%) (Table 4). Kennel Club recognised

breeds comprised 65.7% of dogs aged under one year compared and 72.7% of dogs aged over

10 years (Table 5).

Breed-family types

There were 1,700,770 (76.03) dogs that were recorded as either a purebred or a designer breed.

Of these, 11.88% (n = 202,015) were purebred Spaniel types, 5.80% (98,640) were Spaniel-

designer crosses and 82.32% (1,400,115) were non-Spaniel types. There were 1.24%

(n = 21,055) purebred Poodle, 6.70% (113,933) Poodle designer crosses and 92.06%

(1,565,782) non-Poodle types. There were 2.59% (n = 44,099) purebred Dachshund types, <

0.01% (36) Dachshund-designer crosses and 97.40% (1,656,635) non-Dachshund types.

Skull length

Overall, 17.59% (n = 395,739) of dogs were classified by breed as brachycephalic, 43.08%

(969,403) as mesaticephalic and 8.28% (186,320) as dolichocephalic (Table 4). Among the

breeds with brachycephaly that were gradable by severity, 11.96% (n = 47,313) were graded as

mildly brachycephalic, 34.15% (135,154) were moderately brachycephalic and 53.89%

(213,272) were severely brachycephalic. Brachycephalic dogs (median age 3.92 years, IQR

1.67–7.21, range 0.00–24.98) were statistically significantly younger than mesaticephalic dogs

(median 6.38, IQR 2.81–10.00, range 0.00–24.79) (P< 0.001) and dolichocephalic dogs

(median 4.82, IQR 1.97–8.64, range 0.00–24.84) (P< 0.001). Brachycephalic dogs (median

adult bodyweight 9.10 kg, IQR 6.40–12.60, range 1.50–106.00) were statistically significantly

lighter than mesaticephalic dogs (median 17.60 kg, IQR 9.50–26.80, range 0.38–97.50)

(P< 0.001) and dolichocephalic dogs (median 19.52 kg, IQR 8.30–32.50, range 2.00–88.00)

Table 5. Proportions of categories aged under one year (n = 229,624) and aged over 10 years (n = 445,884) within major groupings of dogs under primary veterinary

care in 2019 in the VetCompass™ Programme in the UK.

Variable Category Under 1 year Over 10 years

Category No. % No. %

Purebred status Nondesigner-crossbred 45,995 20.0 105,360 23.6

Designer-crossbred 25,727 11.2 9,573 2.2

Purebred 157,902 68.8 330,951 74.2

Skull-shape Brachycephalic 54,158 34.3 46,042 13.9

Mesaticephalic 80,824 51.2 251,113 75.9

Dolichocephalic 22,920 14.5 33,796 10.2

Breed recognised by The Kennel Club (KC) Not recognised 78,754 34.3 121,612 27.3

Recognised 150,870 65.7 324,272 72.7

KC breed group Gundog 35,098 23.3 85,473 26.4

Hound 12,426 8.2 15,933 4.9

Pastoral 13,343 8.8 28,993 8.9

Terrier 17,085 11.3 101,930 31.4

Toy 28,118 18.6 45,112 13.9

Utility 35,929 23.8 36,142 11.2

Working 8,871 5.9 10,689 3.3

https://doi.org/10.1371/journal.pone.0288081.t005
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(P< 0.001). Proportional skull shape varied widely between the young and older dogs

(P< 0.001), with mesaticephalic dogs comprising 51.2% of dogs aged under one year com-

pared with 75.9% of dogs aged over 10 years while conversely, brachycephalic dogs comprised

34.3% of dogs aged under one year compared with 13.9% of dogs aged over 10 years (Table 5).

Other conformation characteristics

Of 1,551,336 dogs that could be classified by their breed according to their chondrodystrophy

status, 52.58% (n = 815,673) were chondrodystrophic and 47.42% (735,663) were non-chon-

drodystrophic. Of 1,462,925 dogs that could be classified according to their haircoat, 54.58%

(n = 798,426) were short haired, 32.60% (476,883) were medium haired, 12.78% (186,934)

were long haired and 0.05% (682) were hairless. Of 1,547,653 dogs that could be classified by

the ear carriage conformation, 24.53% (n = 379,581) were erect, 28.06% (434,273) were semi-

erect, 19.74% (305,475) were v-shaped drop and 27.68% (428,324) were pendulous (Table 4).

Sex

Overall, there were 2,231,065 dogs with sex status recorded. There was a 1.09:1.00 ratio of male

(n = 1,163,512; 52.15%) to female dogs (n = 1,067,552; 47.85%), and one animal recorded as

hermaphrodite. The median age of females (median 5.34 years, IQR 2.31–9.11, range 0.00–

24.91) was statistically older than for males (median 5.19, IQR 2.24–8.89, range 0.00–24.98)

(P< 0.001). The median adult bodyweight of females (median 12.96 kg, IQR 7.87–23.20,

range 0.38–90.25) was lighter than for males (median 14.30 kg, IQR 8.95–25.70, 1.55–106.00)

(P< 0.001) (Fig 1).

Fig 1. Age distribution by sex in dogs under primary veterinary care in 2019 in the VetCompass™ Programme in the

UK. n = 2,215,462.

https://doi.org/10.1371/journal.pone.0288081.g001
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Neuter status

Of the 2,231,064 dogs with neuter status recorded, there were 975,966 (43.74%) animals

recorded as neutered on their final available clinical record. Across all ages, female dogs

(477,952/1,067,552, 44.77%) were statistically significantly more likely to be neutered than

males (498,014/1,163,512, 42.80%) (P< 0.001). Among dogs aged under one-year, female

dogs (3,694/108,220, 3.41%) were statistically significantly less likely to be neutered than males

(4,497/118,612, 3.79%) (P< 0.001). Among dogs aged over 10 years, female dogs (145,759/

221,563, 65.79%) were statistically significantly more likely to be neutered than males

(132,297/225,654, 58.63%) (P < 0.001). Across all ages, proportional neutering differed

between non-designer crossbred (260,403/531,343, 49.01%), designer crossbred (60.095/

148,184, 40.55%) and purebred (652,850/1,538,781, 42.43%) dogs (P< 0.001). In non-designer

crossbred dogs across all ages, female dogs (127,261/257,873, 49.35%) were statistically signifi-

cantly more likely to be neutered than males (133,142/273,470, 48.69%) (P< 0.001). In

designer crossbred dogs across all ages, female dogs (29,128/70,824, 41.13%) were statistically

significantly more likely to be neutered than males (30,967/77,360, 40.03%) (P< 0.001). In

purebred dogs across all ages, female dogs (320,261/731,400, 43.79%) were statistically signifi-

cantly more likely to be neutered than males (332,589/807,381, 41.19%) (P< 0.001). Neutered

animals (median 7.45 years, IQR 4.74–10.46, 0.00–24.98) were statistically significantly older

than entire animals (median 3.21, IQR 1.32–6.85, 0.00–24.95) (P< 0.001) (Fig 2). The median

adult bodyweight of neutered animals (median 14.00 kg, IQR 8.70–24.50, range 1.60–106.00)

was heavier than for entire animals (median 13.40 kg, IQR 8.10–24.30, 0.38–100.00)

(P< 0.001).

Fig 2. Age distribution by neutered status in dogs under primary veterinary care in 2019 in the VetCompass™
Programme in the UK. n = 2,215,462.

https://doi.org/10.1371/journal.pone.0288081.g002
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Discussion

Population dynamics within the UK dog population are inherently tied to human ecology and

behaviour. As such, the demographic landscape of dogs described here has been moulded, in

part, by social [55], cultural [56, 57], economic [58, 59], technological [60] and legislative

change to the canine ‘marketplace’ [61]. These broader drivers overlay the intrinsic beha-

vioural and motivational drivers at the individual human level that sum together to translate

into the overall population-level structure of the national canine demography [34, 37, 38, 62].

Our study reports breed and conformational characteristics within the UK dog population in

2019, whilst drilling further down into demographic attribute comparisons between sub-popu-

lations, such as age and bodyweight differences between skull-shape categories. In this discus-

sion, we (1) explore the trajectory of breed popularity over the past 10–15 years, including

purebred, nondesigner-crossbredand designer-crossbred groups; (2) highlight evidence for an

increasing popularity of designer-crossbreds (especially poodle-crosses) over time; and (3)

propose a likely future worsening health and welfare crisis for dogs overall related to extreme

conformations and hereditary diseases if current market forces are not altered to prioritise

innate health as a driving factor in dog purchasing decisions in the future [63]. Furthermore,

these data provide a much-needed baseline demographic comparator to enable generalisability

via VetCompass for other national and international research projects with smaller or more

biased datasets to the wider UK dog population [64, 65].

The modern companion dog has become the most phenotypically diverse domestic species

on the planet, featuring hundreds of recognisable breeds that each represents a unique collage

of morphological, behavioural, and physiological traits [24, 66, 67]. Despite this spectacular

diversity across the extant dog breeds, our data report remarkably consistent preferences for a

limited list of popular dog breeds as companion dogs, with the ten most common breeds rep-

resenting nearly 60% of all dogs in the UK. Furthermore, the high proportion of dogs within

our UK data that represent breeds recognised by The Kennel Club suggests that the influence

of The Kennel Club and dog shows such as Crufts upon consumer behaviour goes far beyond

the limited subset of just 30% of UK dogs that are estimated to be registered with the KC [42,

68, 69].

Selection pressures towards exaggerated and extreme physical traits that are associated with

high levels of conformation-related and hereditary pathology has led to major discussion and

rethinking, especially over the past 15 years, around the ethics and welfare implications of

breed as a concept for dogs [62, 70–75]. However, despite a large evidence base on serious

health and welfare concerns, breeding towards extreme conformations as laid out in breed

standards that were often arbitrarily drafted over a century ago continues to be implemented

to gain a competitive advantage in dogs used for showing [24, 76] or to meet ongoing con-

sumer demand for quirky or unique physical attributes in dogs kept as companion animals

(Sandøe et al. 2017). Sadly it remains a reality that so long as the market forces of supply and

demand for dog breeds continue to be driven more by human whims rather than by prioritis-

ing the needs of dogs to have good innate health, then it will remain challenging to shift the

overall canine breed structure in any meaningful way away from breeds and types of dogs with

high risks of breed-associated and conformation-associated ill-health [63, 77, 78].

Reliable data on population dynamics and health are a key component of effective canine

health and welfare surveillance [79, 80] and can also have financial, legal and emotional

impacts on owners, and may ultimately also impact the probability of canine euthanasia and

relinquishment [81]. Despite an increasing scientific evidence-base outlining a range of serious

health challenges facing dog breeds with brachycephaly [12], the ownership of certain brachy-

cephalic breeds such as the Pug, French Bulldog and English Bulldog has increased
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dramatically over the past decade both in the UK [42] and internationally [82]. This pattern of

proportionally high kennel club registrations for pedigree dogs with brachycephaly is mirrored

within our data that reflects the wider UK dog population, with nearly 35% of dogs aged under

one year in 2019 in the current study categorised as brachycephalic. Consequently, if these

popularity trends continue, we predict a looming health and welfare crisis as this cohort of

dogs with brachycephaly ages from early life into later life when the risk rises dramatically for

many brachycephaly-associated disorders that are age-related such as BOAS [83], corneal

ulceration [84] and skin fold dermatitis [85]. This potential worsening health and welfare crisis

related to brachycephaly in dogs in the future has major implications not only for the individ-

ual animals affected but also for the broader provision of veterinary health care nationally as

the veterinary profession will come under even greater pressure to provide for these increasing

health care demands.

An additional new phenomenon in breed distributions identified in the current work is the

substantial increase in designer-crossbred breed types [34]. Designer-crossbred breed types

have emerged particularly over the last 15 years, with designer-crossbreds comprising only

2.2% of dogs aged over 10 years compared to 11.2% among dogs aged under one year. The lon-

ger-term welfare impacts from this designer-crossbred demographic shift remains largely

unknown as there is a paucity of evidence to date on their relative health and disease predispo-

sitions and work is now urgently needed to explore these questions and fill these information

gaps.

The population sex ratio in the current study was skewed towards males (1.09 male-to-

female ratio) in line with many previous reports [11, 86, 87]. The adult sex ratio is a central

concept of population demography and may reflect differential contributions emerging from

differences in sex ratio at birth, sex differences in juvenile or adult dog mortality that may be

driven by differential sex differences in maturation times, health and behaviours [88–90].

However, it is also possible that the adult sex ratio differences reported for dogs in the current

study and consistently in other studies may reflect biases that are intrinsic to how these study

data were collected. For example, the current study relies on data on dogs that are presented

for primary veterinary care. One contribution to a male-skew in presentation for primary vet-

erinary care could be a greater frequency of male neutering compared to female neutering,

perhaps driven by a public perception regarding the relative ease and lower cost of neutering

males that is reinforced by owner concerns regarding undesirable behaviours in entire males

[11, 90]. However, research based within the UK, Ireland, and USA suggests that this is

unlikely to be a major factor because veterinary surgeons are more likely to recommend neu-

tering of female dogs than male dogs [11, 87, 91–94]. Another possibility to explain propor-

tionally higher males in the current primary care veterinary data would be an intrinsically

poorer heath profile of male dogs whereby these dogs were more likely to be presented for vet-

erinary care than females. However, recent work comparing the health status of male and

female dogs has again largely ruled out this explanation by showing no difference in the proba-

bility of having at least one disorder recorded between male and female dogs under primary

veterinary care in the UK [87]. Given that female dogs are reported to live longer than male

dogs [95], this suggests that the male-skewed sex ratio reported in the current study and else-

where reflects increased recruitment of males via higher immigration rates into the UK [96],

male-biased birth sex ratios, and/or consumer preference [56, 97–101]. Despite concerns

regarding long-term social and population consequences of adult sex ratio biases that have

been repeatedly raised within human [102–105] and non-human populations [106–108], our

understanding of the impact of adult sex ratio on population characteristics, particularly of the

magnitude reported here, is still limited. Future research could focus on examining demo-

graphic mechanisms that give rise this male-skew within UK dogs, along with assessing the
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preference of current/prospective dog owners for female versus male dogs, and how such

acquisition behaviours feeds back into population dynamics.

The influence of demographic change in dogs upon the spread of zoonotic infection should

not be under-estimated. Demographic characteristics of dog populations have been shown to

greatly affect the transmission and maintenance of a range of zoonotic pathogenic agents [29,

32, 33]. Such knowledge can influence the planning, implementation and monitoring of infec-

tious disease control programs [109], especially with regards to vaccination campaigns by sup-

porting decision-making on the quantity of vaccines needed, the frequency of administration

and the optimal populations to target [30, 31, 110, 111]. Thus, knowledge of population

dynamics is key in the surveillance and monitoring of canines as a zoonotic disease vector and

this One Health awareness is likely to become more and more critical as new and emerging

zoonotic disorders involving dogs develop in the UK and elsewhere [32, 80, 112, 113].

In addition to providing information directly on the demography of dogs in the UK, the

current study also provides a demographic resource that can be used by other researchers and

research groups to ground their own research. Many research projects collect information on

numerator cases, e.g., dogs recorded with a clinical condition such as Alabama rot, but do not

have ready access to a denominator sampling frame for the underlying population of dogs

from which these affected dogs (i.e. cases) was drawn. The consequence of this is that such

studies with only cases are limited to reporting descriptive information on these cases or to

reporting risk factor analysis just within the cases (e.g., probability of outcomes in male versus

female cases) themselves but are unable to report demographic risk factor results that help to

explain why cases became cases in the first place. However, the detailed breed demography of

UK dogs provided by the current study can enable other researchers and research groups to

extend their own analyses to report on risk factors relative to the wider UK dog population.

This concept of using a VetCompass denominator demographic population to underpin

research on cases identified from other datasets has already been validated on disorders

including Alabama rot [65] and leptospirosis [114].

This study had some limitations. Although a high proportion of owned companion animals

tend to receive veterinary care in countries with developed pet industries, it is estimated that

just 77% of owned dogs in the UK are formally registered with a veterinary practice [46].

Therefore, although Big Data resources such as VetCompass may provide demographic data

on large numbers of dogs in the UK, it is possible that intrinsic demographic differences

between dogs registered and unregistered for veterinary care still limit the generalisation of the

current results to the total UK dog population. In contrast, The Kennel Club publishes num-

bers on all UK dogs registered with The Kennel Club on a quarterly basis but these data are

limited to only those 222 breeds that are recognised by The Kennel Club and within these

breeds, only to the subset of these dogs that are pedigreed [115]. Another source of UK dog

demographic data is provided by the annual rolling national dog population estimate from the

Pet Food Manufacturing Association (PMFA), the most recent of which reported 13.0 million

dogs in the UK for 2022 with 31% of UK households having at least one dog [8]. However,

however the methods of the PFMA survey are limited by a relatively small sample of around

9,000 UK households per year, equating to a sampling rate of around only 0.04% of the esti-

mated 24.8 million households estimated in England and Wales in 2021 [116].

This paper aimed primarily to report on breed and conformational factors in UK dogs.

Although information on neuter status was provided, this was not a primary focus of the

paper. Breed and conformation status are fixed over time in individual dogs and therefore a

cross-sectional analysis such as the current study is appropriate. However, neuter status is a

time-varying parameter (i.e., an individual dog can be both entire and neutered at different

points in their life) and therefore a study with a primary focus on exploring neuter status
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would require a cohort design with animals followed over time to identify the age at neutering.

Unfortunately, information on the dates of neutering were not available for the current analy-

sis and so the results on neutering given here should be interpreted with caution.

The current study relied on the breed status information recorded in the veterinary clinical

records. Although these breed terms reflected the sum of the insights of the owners and the rel-

evant veterinary teams and could be updated over time in the clinical records to improve accu-

racy, it is still possible that some misclassification on the precise breed existed. The breed

status of each dog was not individually validated using genetic ancestry tests, cross-referencing

to kennel club registries or using photographs. The current study did not aim to link the Vet-

Compass and Kennel Club datasets and therefore was unable to identify the subset of VetCom-

pass dogs that were registered with The Kennel Club. The classifications within breeds for

phenotypic characteristics such as ear carriage, hair coat and skull shape were derived based

on typically expected values for the breed but it is possible that these values did not apply

equally to each individual dog within each breed. The growing phenomenon of designer-cross-

bred dog breeds in the UK means that many of the breeds listed in the current study may not

be classically considered as formal breeds according to definitions developed over the past cen-

tury by kennel clubs [50]. Breed distributions for dogs aged under 1 and over 10 years reflect

effects from both breed popularity and longevity; these longevity effects are likely to have sub-

stantial impact on the breed distribution for dogs aged over 10 years in the current study

because of the widely differing longevity reported across breed in dogs [95].

Conclusions

In conclusion, this analysis of over 2 million dogs under primary veterinary care in the UK

during 2019 has identified that the most common breeds overall were the nondesigner-cross-

bred, Labrador Retriever and Jack Russell Terrier. However, changing preferences for extreme

breeds and the emergence of new designer-crossbred breeds are reflected by differing breed

profiles in dogs aged under one year where the most common breeds were nondesigner-cross-

bred, French Bulldog and Cockapoo. Brachycephaly was shown to be a highly popular pheno-

type among UK dog owners, with 17.6% of UK dogs representing a breed with brachycephaly,

raising substantial questions about the canine welfare impact from our collective breed selec-

tion choices.
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33. López-Pérez AM, Orozco L, Zazueta OE, Fierro M, Gomez P, Foley J. An exploratory analysis of

demography and movement patterns of dogs: New insights in the ecology of endemic Rocky Moun-

tain-Spotted Fever in Mexicali, Mexico. PLOS ONE. 2020; 15(5):e0233567.

34. Burnett E, Brand CL, O’Neill DG, Pegram CL, Belshaw Z, Stevens KB, et al. How much is that doodle

in the window? Exploring motivations and behaviours of UK owners acquiring designer crossbreed

dogs (2019–2020). Canine Medicine and Genetics. 2022; 9(1):8. https://doi.org/10.1186/s40575-022-

00120-x PMID: 35610665

35. Leppänen M. Utilizing health programmes for controlling canine genetic diseases in Finland. Helsinki:

Helsinki; 2000.

36. Weiss E, Miller K, Mohan-Gibbons H, Vela C. Why Did You Choose This Pet?: Adopters and Pet

Selection Preferences in Five Animal Shelters in the United States. Animals. 2012; 2(2):144–59.

https://doi.org/10.3390/ani2020144 PMID: 26486914

37. Sandøe P, Kondrup SV, Bennett PC, Forkman B, Meyer I, Proschowsky HF, et al. Why do people buy

dogs with potential welfare problems related to extreme conformation and inherited disease? A repre-

sentative study of Danish owners of four small dog breeds. PLOS ONE. 2017; 12(2):e0172091.

https://doi.org/10.1371/journal.pone.0172091 PMID: 28234931

38. Packer RMA O’Neill DG, Fletcher F, Farnworth MJ. Great expectations, inconvenient truths, and the

paradoxes of the dog-owner relationship for owners of brachycephalic dogs. PLOS ONE. 2019; 14(7):

e0219918. https://doi.org/10.1371/journal.pone.0219918 PMID: 31323057

39. O’Neill DG, Skipper A, Packer RMA, Lacey C, Brodbelt DC, Church DB, et al. English Bulldogs in the

UK: a VetCompass study of their disorder predispositions and protections. Canine Medicine and

Genetics. 2022; 9(1):5. https://doi.org/10.1186/s40575-022-00118-5 PMID: 35701824

40. O’Neill DG, Packer RMA, Francis P, Church DB, Brodbelt DC, Pegram C. French Bulldogs differ to

other dogs in the UK in propensity for many common disorders: a VetCompass study. Canine Medi-

cine and Genetics. 2021; 8(1):13. https://doi.org/10.1186/s40575-021-00112-3 PMID: 34911586

41. O’Neill DG, Sahota J, Brodbelt DC, Church DB, Packer RMA, Pegram C. Health of Pug dogs in the

UK: disorder predispositions and protections. Canine Medicine and Genetics. 2022; 9(1):4. https://doi.

org/10.1186/s40575-022-00117-6 PMID: 35581668

42. The Kennel Club. Breed registration statistics: The Kennel Club Limited; 2022. Available from: https://

www.thekennelclub.org.uk/media-centre/breed-registration-statistics/.

43. Paul ES, Coombe ER, Neville V. Online Dog Sale Advertisements Indicate Popularity of Welfare-Com-

promised Breeds. Journal of Applied Animal Welfare Science. 2022:1–10. https://doi.org/10.1080/

10888705.2022.2147008 PMID: 36520592

44. VetCompass. VetCompass Programme London: RVC Electronic Media Unit; 2023. Available from:

http://www.rvc.ac.uk/VetCOMPASS/.

45. VetCompass. VetCompass Papers and Data: Royal Veterinary College; 2023. Available from: https://

www.rvc.ac.uk/vetcompass/papers-and-data.

46. Asher L, Buckland E, Phylactopoulos CL, Whiting M, Abeyesinghe S, Wathes C. Estimation of the

number and demographics of companion dogs in the UK. BMC Veterinary Research. 2011; 7(1):74.

https://doi.org/10.1186/1746-6148-7-74 PMID: 22112367

47. Epi Info CDC. Centers for Disease Control and Prevention (US): Epi Info Atlanta, Georgia: CDC; 2022.

Available from: https://www.cdc.gov/epiinfo/index.html.

48. The VeNom Coding Group. VeNom Veterinary Nomenclature: VeNom Coding Group; 2022. Available

from: http://venomcoding.org.

49. Hladky-Krage B, Hoffman CL. Expectations versus Reality of Designer Dog Ownership in the United

States. Animals [Internet]. 2022; 12(23). https://doi.org/10.3390/ani12233247 PMID: 36496768

50. The Kennel Club. Breed Information Centre: The Kennel Club Limited; 2022. Available from: https://

www.thekennelclub.org.uk/search/breeds-a-to-z.

51. Coren S. What Shape Is Your Dog’s Ear? A richly illustrated glossary of dog ear shapes.: Psychology

Today; 2012. Available from: https://www.psychologytoday.com/gb/blog/canine-corner/201208/what-

shape-is-your-dogs-ear.

52. American Kennel Club. Dog Breeds: This is the official list of all American Kennel Club dog breeds.:

AKC Global Services; 2022. Available from: http://www.akc.org/breeds/index.cfm.

53. O’Neill DG, Lee YH, Brodbelt DC, Church DB, Pegram C, Halfacree Z. Reporting the epidemiology of

aural haematoma in dogs and proposing a novel aetiopathogenetic pathway. Scientific Reports. 2021;

11(1):21670. https://doi.org/10.1038/s41598-021-00352-0 PMID: 34753939

PLOS ONE VetCompass dog demography 2019

PLOS ONE | https://doi.org/10.1371/journal.pone.0288081 July 26, 2023 18 / 21

https://doi.org/10.1016/j.nmni.2019.01.001
https://doi.org/10.1016/j.nmni.2019.01.001
http://www.ncbi.nlm.nih.gov/pubmed/30805194
https://doi.org/10.1186/s40575-022-00120-x
https://doi.org/10.1186/s40575-022-00120-x
http://www.ncbi.nlm.nih.gov/pubmed/35610665
https://doi.org/10.3390/ani2020144
http://www.ncbi.nlm.nih.gov/pubmed/26486914
https://doi.org/10.1371/journal.pone.0172091
http://www.ncbi.nlm.nih.gov/pubmed/28234931
https://doi.org/10.1371/journal.pone.0219918
http://www.ncbi.nlm.nih.gov/pubmed/31323057
https://doi.org/10.1186/s40575-022-00118-5
http://www.ncbi.nlm.nih.gov/pubmed/35701824
https://doi.org/10.1186/s40575-021-00112-3
http://www.ncbi.nlm.nih.gov/pubmed/34911586
https://doi.org/10.1186/s40575-022-00117-6
https://doi.org/10.1186/s40575-022-00117-6
http://www.ncbi.nlm.nih.gov/pubmed/35581668
https://www.thekennelclub.org.uk/media-centre/breed-registration-statistics/
https://www.thekennelclub.org.uk/media-centre/breed-registration-statistics/
https://doi.org/10.1080/10888705.2022.2147008
https://doi.org/10.1080/10888705.2022.2147008
http://www.ncbi.nlm.nih.gov/pubmed/36520592
http://www.rvc.ac.uk/VetCOMPASS/
https://www.rvc.ac.uk/vetcompass/papers-and-data
https://www.rvc.ac.uk/vetcompass/papers-and-data
https://doi.org/10.1186/1746-6148-7-74
http://www.ncbi.nlm.nih.gov/pubmed/22112367
https://www.cdc.gov/epiinfo/index.html
http://venomcoding.org
https://doi.org/10.3390/ani12233247
http://www.ncbi.nlm.nih.gov/pubmed/36496768
https://www.thekennelclub.org.uk/search/breeds-a-to-z
https://www.thekennelclub.org.uk/search/breeds-a-to-z
https://www.psychologytoday.com/gb/blog/canine-corner/201208/what-shape-is-your-dogs-ear
https://www.psychologytoday.com/gb/blog/canine-corner/201208/what-shape-is-your-dogs-ear
http://www.akc.org/breeds/index.cfm
https://doi.org/10.1038/s41598-021-00352-0
http://www.ncbi.nlm.nih.gov/pubmed/34753939
https://doi.org/10.1371/journal.pone.0288081


54. Kirkwood BR, Sterne JAC. Essential Medical Statistics. 2nd ed. Oxford: Blackwell Science; 2003.

55. Holland KE. Acquiring a Pet Dog: A Review of Factors Affecting the Decision-Making of Prospective

Dog Owners. Animals. 2019; 9(4):124. https://doi.org/10.3390/ani9040124 PMID: 30925784

56. Ghirlanda S, Acerbi A, Herzog H, Serpell JA. Fashion vs. Function in cultural evolution: The case of

dog breed popularity. PLoS ONE. 2013; 8(9):1–6. https://doi.org/10.1371/journal.pone.0074770

PMID: 24040341

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

considerations. Veterinary Record. 2020:vetrec-2019-105380. https://doi.org/10.1136/vr.105380

PMID: 31932354

58. Kipperman BS, Kass PH, Rishniw M. Factors that influence small animal veterinarians’ opinions and

actions regarding cost of care and effects of economic limitations on patient care and outcome and

professional career satisfaction and burnout. Journal of the American Veterinary Medical Association.

2017; 250(7):785–94. https://doi.org/10.2460/javma.250.7.785 PMID: 28306486

59. Rushton J. Improving the use of economics in animal health–Challenges in research, policy and edu-

cation. Preventive Veterinary Medicine. 2017; 137:130–9. https://doi.org/10.1016/j.prevetmed.2016.

11.020 PMID: 28034595

60. RSPCA. Sold a pup? Exposing the breeding, trade and sale of puppies. 2016.

61. McCulloch SP. Brexit and Animal Welfare Impact Assessment: Analysis of the Opportunities Brexit

Presents for Animal Protection in the UK, EU, and Internationally. Animals. 2019; 9(11):877. https://

doi.org/10.3390/ani9110877 PMID: 31661920

62. Packer R, Murphy D, Farnworth M. Purchasing popular purebreds: investigating the influence of

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

26:191–201.

63. BWG. Innate health in dogs—Some fundamental attributes typically expected for groups of young

adult dogs with good health, welfare and temperament: Brachycephalic Working Group; 2022. Avail-

able from: http://www.ukbwg.org.uk/wp-content/uploads/2022/05/220512-BWG-Innate-health-in-dog-

populations.pdf.

64. Edmunds GL, Smalley MJ, Beck S, Errington RJ, Gould S, Winter H, et al. Dog breeds and body con-

formations with predisposition to osteosarcoma in the UK: a case-control study. Canine Medicine and

Genetics. 2021; 8(2):1–22. https://doi.org/10.1186/s40575-021-00100-7 PMID: 33750475

65. Stevens KB, O’Neill D, Jepson R, Holm LP, Walker DJ, Cardwell JM. Signalment risk factors for cuta-

neous and renal glomerular vasculopathy (Alabama rot) in dogs in the UK. Veterinary Record. 2018.

https://doi.org/10.1136/vr.104891 PMID: 30150308

66. Dreger DL, Hooser BN, Hughes AM, Ganesan B, Donner J, Anderson H, et al. True Colors: Commer-

cially-acquired morphological genotypes reveal hidden allele variation among dog breeds, informing

both trait ancestry and breed potential. PLOS ONE. 2019; 14(10):e0223995. https://doi.org/10.1371/

journal.pone.0223995 PMID: 31658272

67. Wayne RK, Ostrander EA. Origin, genetic diversity, and genome structure of the domestic dog. BioEs-

says. 1999; 21(3):247–57. https://doi.org/10.1002/(SICI)1521-1878(199903)21:3<247::AID-BIES9>3.

0.CO;2-Z PMID: 10333734

68. Anonymous. Celebrations–and controversy–at the 125th Crufts dog show. Veterinary Record. 2016;

178(12):281–. https://doi.org/10.1136/vr.i1540 PMID: 26993447

69. Such ZR, German AJ. Best in show but not best shape: a photographic assessment of show dog body

condition. Veterinary Record. 2015; 177(5):125. https://doi.org/10.1136/vr.103093 PMID: 26169655

70. Asher L, Diesel G, Summers JF, McGreevy PD, Collins LM. Inherited defects in pedigree dogs. Part 1:

disorders related to breed standards. The Veterinary Journal. 2009; 182(3):402–11. https://doi.org/10.

1016/j.tvjl.2009.08.033 PMID: 19836981

71. Mills G. Smaller dog breeds more likely to suffer dental disease. Veterinary Record. 2021; 189

(8):308–9. https://doi.org/10.1002/vetr.1093 PMID: 34677863

72. Summers JF, Diesel G, Asher L, McGreevy PD, Collins LM. Inherited defects in pedigree dogs. Part 2:

Disorders that are not related to breed standards. The Veterinary Journal. 2010; 183(1):39–45. https://

doi.org/10.1016/j.tvjl.2009.11.002 PMID: 19963415

73. Lewis TW. Optimisation of breeding strategies to reduce the prevalence of inherited disease in pedi-

gree dogs. Anim Welfare. 2010; 19:93–8.

74. Larson G, Karlsson EK, Perri A, Webster MT, Ho SYW, Peters J, et al. Rethinking dog domestication

by integrating genetics, archeology, and biogeography. Proceedings of the National Academy of Sci-

ences. 2012; 109(23):8878–83. https://doi.org/10.1073/pnas.1203005109 PMID: 22615366

75. Smolders LA, Bergknut N, Grinwis GCM, Hagman R, Lagerstedt A-S, Hazewinkel HAW, et al. Inter-

vertebral disc degeneration in the dog. Part 2: Chondrodystrophic and non-chondrodystrophic breeds.

PLOS ONE VetCompass dog demography 2019

PLOS ONE | https://doi.org/10.1371/journal.pone.0288081 July 26, 2023 19 / 21

https://doi.org/10.3390/ani9040124
http://www.ncbi.nlm.nih.gov/pubmed/30925784
https://doi.org/10.1371/journal.pone.0074770
http://www.ncbi.nlm.nih.gov/pubmed/24040341
https://doi.org/10.1136/vr.105380
http://www.ncbi.nlm.nih.gov/pubmed/31932354
https://doi.org/10.2460/javma.250.7.785
http://www.ncbi.nlm.nih.gov/pubmed/28306486
https://doi.org/10.1016/j.prevetmed.2016.11.020
https://doi.org/10.1016/j.prevetmed.2016.11.020
http://www.ncbi.nlm.nih.gov/pubmed/28034595
https://doi.org/10.3390/ani9110877
https://doi.org/10.3390/ani9110877
http://www.ncbi.nlm.nih.gov/pubmed/31661920
http://www.ukbwg.org.uk/wp-content/uploads/2022/05/220512-BWG-Innate-health-in-dog-populations.pdf
http://www.ukbwg.org.uk/wp-content/uploads/2022/05/220512-BWG-Innate-health-in-dog-populations.pdf
https://doi.org/10.1186/s40575-021-00100-7
http://www.ncbi.nlm.nih.gov/pubmed/33750475
https://doi.org/10.1136/vr.104891
http://www.ncbi.nlm.nih.gov/pubmed/30150308
https://doi.org/10.1371/journal.pone.0223995
https://doi.org/10.1371/journal.pone.0223995
http://www.ncbi.nlm.nih.gov/pubmed/31658272
https://doi.org/10.1002/%28SICI%291521-1878%28199903%2921%3A3%26lt%3B247%3A%3AAID-BIES9%26gt%3B3.0.CO%3B2-Z
https://doi.org/10.1002/%28SICI%291521-1878%28199903%2921%3A3%26lt%3B247%3A%3AAID-BIES9%26gt%3B3.0.CO%3B2-Z
http://www.ncbi.nlm.nih.gov/pubmed/10333734
https://doi.org/10.1136/vr.i1540
http://www.ncbi.nlm.nih.gov/pubmed/26993447
https://doi.org/10.1136/vr.103093
http://www.ncbi.nlm.nih.gov/pubmed/26169655
https://doi.org/10.1016/j.tvjl.2009.08.033
https://doi.org/10.1016/j.tvjl.2009.08.033
http://www.ncbi.nlm.nih.gov/pubmed/19836981
https://doi.org/10.1002/vetr.1093
http://www.ncbi.nlm.nih.gov/pubmed/34677863
https://doi.org/10.1016/j.tvjl.2009.11.002
https://doi.org/10.1016/j.tvjl.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19963415
https://doi.org/10.1073/pnas.1203005109
http://www.ncbi.nlm.nih.gov/pubmed/22615366
https://doi.org/10.1371/journal.pone.0288081


The Veterinary Journal. 2013; 195(3):292–9. https://doi.org/10.1016/j.tvjl.2012.10.011 PMID:

23154070

76. Lockwood R. In Search of Pedigrees: Why Do We Harm the Dogs We Love? Journal of Animal Ethics.

2019; 9(2):220–5.

77. Bateson P. Independent inquiry into dog breeding Cambridge: University of Cambridge; 2010

[Reports]. Available from: https://dogwellnet.com/files/file/308-independent-inquiry-into-dog-breeding-

2010-patrick-bateson/.

78. APGAW. A Healthier Future for Pedigree Dog—Update Report. London: The Associate Parliamen-

tary Group for Animal Welfare; 2012.

79. Wensley S, Betton V, Gosschalk K, Hooker R, Main DCJ, Martin N, et al. Driving evidence-based

improvements for the UK’s ‘Stressed. Lonely. Overweight. Bored. Aggressive. Misunderstood. . .but

loved’ companion animals. Veterinary Record. 2021; 189(2):e7.

80. Collins LM, Asher L, Summers JF, Diesel G, McGreevy PD. Welfare epidemiology as a tool to assess

the welfare impact of inherited defects on the pedigree dog population. Anim Welfare. 2010; 19:67–75.

81. Jensen JBH, Sandøe P, Nielsen SS. Owner-Related Reasons Matter more than Behavioural Prob-

lems—A Study of Why Owners Relinquished Dogs and Cats to a Danish Animal Shelter from 1996 to

2017. Animals. 2020; 10(6):1064. https://doi.org/10.3390/ani10061064 PMID: 32575574

82. American Kennel Club. Most Popular Dog Breeds–Full Ranking List 2018: AKC; 2022. Available from:

https://www.akc.org/expert-advice/news/most-popular-dog-breeds-full-ranking-list/.

83. Liu N-C, Troconis EL, Kalmar L, Price DJ, Wright HE, Adams VJ, et al. Conformational risk factors of

brachycephalic obstructive airway syndrome (BOAS) in pugs, French bulldogs, and bulldogs. PLOS

ONE. 2017; 12(8):e0181928. https://doi.org/10.1371/journal.pone.0181928 PMID: 28763490

84. O’Neill D, Lee MM, Brodbelt DC, Church DB, Sanchez RF. Corneal ulcerative disease in dogs under

primary veterinary care in England: epidemiology and clinical management. Canine Genetics and Epi-

demiology. 2017; 4(1):5. https://doi.org/10.1186/s40575-017-0045-5 PMID: 28630713

85. O’Neill DG, Rowe D, Brodbelt DC, Pegram C, Hendricks A. Ironing out the wrinkles and folds in the

epidemiology of skin fold dermatitis in dog breeds in the UK. Scientific Reports. 2022; 12(1):10553.

https://doi.org/10.1038/s41598-022-14483-5 PMID: 35794173

86. Christley RM, Murray JK, Anderson KL, Buckland EL, Casey RA, Harvey ND, et al. Impact of the First

COVID-19 Lockdown on Management of Pet Dogs in the UK. Animals. 2021; 11(1):1–5.

87. O’Neill DG, James H, Brodbelt DC, Church DB, Pegram C. Prevalence of commonly diagnosed disor-

ders in UK dogs under primary veterinary care: results and applications. BMC Veterinary Research.

2021; 17(1):69. https://doi.org/10.1186/s12917-021-02775-3 PMID: 33593363

88. Keyfitz N, Flieger W. Population: Facts and methods of demography: Agris: Food and Agriculture

Organization of the United Nations; 1971. Available from: https://agris.fao.org/agris-search/search.

do?recordID=XF2016046780.

89. Caswell H. Matrix population models: construction, analysis, and interpretation. 2nd ed. Sunderland,

Mass., US: Sinauer Associates; 2008.

90. 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 primary-care veterinary practices in

England. Anim Welfare. 2018; 27(3):251–62.

91. Lund EM, Armstrong PJ, Kirk CA, Kolar LM, Klausner JS. Health status and population characteristics

of dogs and cats examined at private veterinary practices in the United States. Journal of the American

Veterinary Medical Association. 1999; 214(9):1336–41. PMID: 10319174

92. Downes M, Canty MJ, More SJ. Demography of the pet dog and cat population on the island of Ireland

and human factors influencing pet ownership. Preventive Veterinary Medicine. 2009; 92(1–2):140–9.

https://doi.org/10.1016/j.prevetmed.2009.07.005 PMID: 19700212

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

dogs. Veterinary Record. 2010; 166(15):455–8. https://doi.org/10.1136/vr.b4798 PMID: 20382933

94. Robinson NJ, Dean RS, Cobb M, Brennan ML. Investigating common clinical presentations in first

opinion small animal consultations using direct observation. The Veterinary Record. 2015; 176

(18):463–. https://doi.org/10.1136/vr.102751 PMID: 25564472

95. Teng KT-y Brodbelt DC, Pegram C Church DB, O’Neill DG. Life tables of annual life expectancy and

mortality for companion dogs in the United Kingdom. Scientific Reports. 2022; 12(1):6415. https://doi.

org/10.1038/s41598-022-10341-6 PMID: 35484374

96. The Kennel Club. Puppy imports: The Kennel Club; 2023. Available from: https://www.thekennelclub.

org.uk/about-us/campaigns/puppy-imports/.

PLOS ONE VetCompass dog demography 2019

PLOS ONE | https://doi.org/10.1371/journal.pone.0288081 July 26, 2023 20 / 21

https://doi.org/10.1016/j.tvjl.2012.10.011
http://www.ncbi.nlm.nih.gov/pubmed/23154070
https://dogwellnet.com/files/file/308-independent-inquiry-into-dog-breeding-2010-patrick-bateson/
https://dogwellnet.com/files/file/308-independent-inquiry-into-dog-breeding-2010-patrick-bateson/
https://doi.org/10.3390/ani10061064
http://www.ncbi.nlm.nih.gov/pubmed/32575574
https://www.akc.org/expert-advice/news/most-popular-dog-breeds-full-ranking-list/
https://doi.org/10.1371/journal.pone.0181928
http://www.ncbi.nlm.nih.gov/pubmed/28763490
https://doi.org/10.1186/s40575-017-0045-5
http://www.ncbi.nlm.nih.gov/pubmed/28630713
https://doi.org/10.1038/s41598-022-14483-5
http://www.ncbi.nlm.nih.gov/pubmed/35794173
https://doi.org/10.1186/s12917-021-02775-3
http://www.ncbi.nlm.nih.gov/pubmed/33593363
https://agris.fao.org/agris-search/search.do?recordID=XF2016046780
https://agris.fao.org/agris-search/search.do?recordID=XF2016046780
http://www.ncbi.nlm.nih.gov/pubmed/10319174
https://doi.org/10.1016/j.prevetmed.2009.07.005
http://www.ncbi.nlm.nih.gov/pubmed/19700212
https://doi.org/10.1136/vr.b4798
http://www.ncbi.nlm.nih.gov/pubmed/20382933
https://doi.org/10.1136/vr.102751
http://www.ncbi.nlm.nih.gov/pubmed/25564472
https://doi.org/10.1038/s41598-022-10341-6
https://doi.org/10.1038/s41598-022-10341-6
http://www.ncbi.nlm.nih.gov/pubmed/35484374
https://www.thekennelclub.org.uk/about-us/campaigns/puppy-imports/
https://www.thekennelclub.org.uk/about-us/campaigns/puppy-imports/
https://doi.org/10.1371/journal.pone.0288081


97. Herzog H. Forty-two thousand and one Dalmatians: fads, social contagion, and dog breed popularity.

Society and Animals. 2006; 14(4):383.

98. Totton SC, Wandeler AI, Ribble CS, Rosatte RC, McEwen SA. Stray dog population health in Jodhpur,

India in the wake of an animal birth control (ABC) program. Preventive Veterinary Medicine. 2011; 98

(2–3):215–20. https://doi.org/10.1016/j.prevetmed.2010.11.011 PMID: 21144606

99. Martins ACL, Vaz MA, Macedo MM, Santos RL, Galdino CAB, Wenceslau RR, et al. Maternal age,

paternal age, and litter size interact to affect the offspring sex ratio of German Shepherd dogs. Therio-

genology. 2019; 135:169–73. https://doi.org/10.1016/j.theriogenology.2019.06.022 PMID: 31226606

100. Ausband DE. Offspring sex ratios are male-biased reflecting sex-biased dispersal in Idaho, USA,

wolves. Behavioral Ecology and Sociobiology. 2022; 76(10):134.

101. Gavrilovic BB, Andersson K, Linde Forsberg C. Reproductive patterns in the domestic dog—A retro-

spective study of the Drever breed. Theriogenology. 2008; 70(5):783–94. https://doi.org/10.1016/j.

theriogenology.2008.04.051 PMID: 18582927

102. Tuljapurkar S, Li N, Feldman MW. High Sex Ratios in China’s Future. Science. 1995; 267(5199):874–

6. https://doi.org/10.1126/science.7846529 PMID: 7846529

103. Lindström J, Kokko H. Sexual reproduction and population dynamics: the role of polygyny and demo-

graphic sex differences. Proceedings of the Royal Society of London Series B: Biological Sciences.

1998; 265(1395):483–8. https://doi.org/10.1098/rspb.1998.0320 PMID: 9606132

104. Bessa-Gomes C, Legendre S, Clobert J. Allee effects, mating systems and the extinction risk in popu-

lations with two sexes. Ecology Letters. 2004; 7(9):802–12.

105. Gabriel W, Ferriere R. From individual interactions to population variability. In: Ferrière R, Dieckmann

U, Couvet D, editors. Evolutionary Conservation Biology. 4. Cambridge, UK: Cambridge University

Press; 2004. p. 19–40.

106. Clutton-Brock TH, Coulson TN, Milner-Gulland EJ, Thomson D, Armstrong HM. Sex differences in

emigration and mortality affect optimal management of deer populations. Nature. 2002; 415

(6872):633–7. https://doi.org/10.1038/415633a PMID: 11832944

107. Le Galliard J-F, Fitze PS, Ferrière R, Clobert J. Sex ratio bias, male aggression, and population col-

lapse in lizards. Proceedings of the National Academy of Sciences. 2005; 102(50):18231–6. https://

doi.org/10.1073/pnas.0505172102 PMID: 16322105

108. Pettersson LB, Ramnarine IW, Becher SA, Mahabir R, Magurran AE. Sex ratio dynamics and fluctuat-

ing selection pressures in natural populations of the Trinidadian guppy, Poecilia reticulata. Behavioral

Ecology and Sociobiology. 2004; 55(5):461–8.

109. Morters MK, McKinley TJ, Restif O, Conlan AJK, Cleaveland S, Hampson K, et al. The demography of

free-roaming dog populations and applications to disease and population control. Journal of Applied

Ecology. 2014; 51(4):1096–106. https://doi.org/10.1111/1365-2664.12279 PMID: 25657481

110. Yahiaoui F, Kardjadj M, Laidoudi Y, Medkour H, Ben-Mahdi MH. The epidemiology of dog rabies in

Algeria: Retrospective national study of dog rabies cases, determination of vaccination coverage and

immune response evaluation of three commercial used vaccines. Preventive Veterinary Medicine.

2018; 158:65–70. https://doi.org/10.1016/j.prevetmed.2018.07.011 PMID: 30220397

111. Belsare AV, Gompper ME. Assessing demographic and epidemiologic parameters of rural dog popu-

lations in India during mass vaccination campaigns. Preventive Veterinary Medicine. 2013; 111

(1):139–46. https://doi.org/10.1016/j.prevetmed.2013.04.003 PMID: 23664490

112. Kardjadj M, Yahiaoui F, Ben-Mahdi M. Incidence of human dog-mediated zoonoses and demographic

characteristics/vaccination coverage of the domestic dog population in Algeria. Rev Sci Tech Off Int

Epiz. 2019; 38(3):000–. https://doi.org/10.20506/rst.38.3.3028 PMID: 32286565

113. Rahman MT, Sobur MA, Islam MS, Ievy S, Hossain MJ, El Zowalaty ME, et al. Zoonotic Diseases: Eti-

ology, Impact, and Control. Microorganisms. 2020; 8(9):1405. https://doi.org/10.3390/

microorganisms8091405 PMID: 32932606

114. Taylor C O’Neill DG, Catchpole B, Brodbelt DC. Incidence and demographic risk factors for leptospiro-

sis in dogs in the UK. Veterinary Record. 2022; 190(6):19–26. https://doi.org/10.1002/vetr.512 PMID:

34057217

115. The Kennel Club. The Kennel Club London: The Kennel Club,; 2023. Available from: http://www.

thekennelclub.org.uk/.

116. Office for National Statistics. Household and resident characteristics, England and Wales: Census

2021: Office for National Statistics; 2023. Available from: https://www.ons.gov.uk/

peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/

bulletins/householdandresidentcharacteristicsenglandandwales/census2021#:~:text=In%202021%

2C%20there%20were%2024.8,from%2023.4%20million%20in%202011.

PLOS ONE VetCompass dog demography 2019

PLOS ONE | https://doi.org/10.1371/journal.pone.0288081 July 26, 2023 21 / 21

https://doi.org/10.1016/j.prevetmed.2010.11.011
http://www.ncbi.nlm.nih.gov/pubmed/21144606
https://doi.org/10.1016/j.theriogenology.2019.06.022
http://www.ncbi.nlm.nih.gov/pubmed/31226606
https://doi.org/10.1016/j.theriogenology.2008.04.051
https://doi.org/10.1016/j.theriogenology.2008.04.051
http://www.ncbi.nlm.nih.gov/pubmed/18582927
https://doi.org/10.1126/science.7846529
http://www.ncbi.nlm.nih.gov/pubmed/7846529
https://doi.org/10.1098/rspb.1998.0320
http://www.ncbi.nlm.nih.gov/pubmed/9606132
https://doi.org/10.1038/415633a
http://www.ncbi.nlm.nih.gov/pubmed/11832944
https://doi.org/10.1073/pnas.0505172102
https://doi.org/10.1073/pnas.0505172102
http://www.ncbi.nlm.nih.gov/pubmed/16322105
https://doi.org/10.1111/1365-2664.12279
http://www.ncbi.nlm.nih.gov/pubmed/25657481
https://doi.org/10.1016/j.prevetmed.2018.07.011
http://www.ncbi.nlm.nih.gov/pubmed/30220397
https://doi.org/10.1016/j.prevetmed.2013.04.003
http://www.ncbi.nlm.nih.gov/pubmed/23664490
https://doi.org/10.20506/rst.38.3.3028
http://www.ncbi.nlm.nih.gov/pubmed/32286565
https://doi.org/10.3390/microorganisms8091405
https://doi.org/10.3390/microorganisms8091405
http://www.ncbi.nlm.nih.gov/pubmed/32932606
https://doi.org/10.1002/vetr.512
http://www.ncbi.nlm.nih.gov/pubmed/34057217
http://www.thekennelclub.org.uk/
http://www.thekennelclub.org.uk/
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/householdandresidentcharacteristicsenglandandwales/census2021#:~:text=In%202021%2C%20there%20were%2024.8
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/householdandresidentcharacteristicsenglandandwales/census2021#:~:text=In%202021%2C%20there%20were%2024.8
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/householdandresidentcharacteristicsenglandandwales/census2021#:~:text=In%202021%2C%20there%20were%2024.8
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/householdandresidentcharacteristicsenglandandwales/census2021#:~:text=In%202021%2C%20there%20were%2024.8
https://doi.org/10.1371/journal.pone.0288081

